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Foreword
This Technical Specification has been produced by the 3 Generation Partnership Project (3GPP).

The contents ofthe presentdocument are subject to continuing work within the TSGand may change following formal
TSG approval. Should the TSGmodify the contents ofthe present document, it will be re-released by the TSGwith an

identifying change ofrelease date and an increase in version number as follows:

Version x.y.z
where:
x the first digit:
1 presentedto TSGforinformation;
2 presentedto TSGforapproval;
3 or greaterindicates TSGapproved document under change control.

y theseconddigitis incremented forallchanges of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present documentprovides an overview and overall description ofthe E-FUTRAN radio interface protocol
architecture. Details ofthe radio interface protocols are specified in companion specifications ofthe 36 series.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions ofthe present
document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

- Fora specific reference, subsequent revisions donot apply.

- Fora non-specific reference, thelatest version applies. In the case ofa reference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refers to the latest version ofthatdocument inthe same

Release as the present document.
[1]  3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
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Modulation".
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[71  3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-FUTRA); Physical layer; Measurements".
[8]  IETF RFC4960 (09/2007): "Stream Control Transmission Protocol".

[9] 3GPP TS 36.302: "Evolved Universal Terrestrial Radio Access (E-FUTRA); Services provided by the physical

layer".

[10] Void
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[17] 3GPP TS 23.401: "Technical Specification Group Services and System Aspects; GPRS enhancements for E-
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3GPP TS 36.444: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); M3 Application
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[75] 3GPP TS 24.386: "User Equipment (UE) to V2X control function; protocol aspects; Stage 3".
[76] 3GPP TS 37.340: "Evolved Universal Terrestrial Radio Access (E-UTRA)and NR; Multi-connectivity".

3 Definitions, symbols and abbreviations

3.1 Definitions

Forthe purposes ofthe present document, the following terms and definitions apply.

Access Control: the process thatchecks whethera UEis allowed to access and tobe granted services in a closed cell.
Anchor carrier:in NB-IoT, a carrier where the UEassumes that NPSS/NSSS/NPBCH/SIB-NB are trans mitted.
Carrier frequency: center frequency ofthe cell.

Cell: combinationof downlink and optionally uplink resources. Thelinking between the carrier frequency ofthe
downlink resources and the carrier frequency ofthe uplink resources is indicated in the systeminformation transmitted

on the downlink resources.
Cell Group: in dual connectivity, a group of serving cells associated with eitherthe MeNB or the SeNB.

Control plane CloT EPS optimization: Enables support ofefficient transport ofuserdata(IP, non-IP or SMS) over
controlplane via the MME without triggering dataradio bearer establishment, as defined in TS 24.301 [20]. In the
context ofthis specification,a NB-IoT UE that only supports Control plane CloT EPS optimization is a UE that does
not support Userplane CloT EPS optimization and S1-U data transfer butmay supportother CloT EPS optimizations.

CSG Cell: acell broadcastinga CSG indicatorsetto true and a specific CSGidentity.

CSGID Validation: the process thatchecks whetherthe CSGID received via handover messages is the same as the
one broadcastby thetarget EEFUTRAN.

CSG member cell: a cell broadcasting the identity ofthe selected PLMN, registered PLMN or equivalent PLMN and
for which the CSG whitelist ofthe UE includes an entry comprising cell’s CSG ID and the respective PLMN identity.

DCN-ID: DCN identity identifies a specific dedicated core network (DCN).

Dual Connectivity: mode of operationofa UE in RRC_CONNECTED, configured with a Master Cell Group and a
Secondary Cell Group.

E-RAB: an E-RAB uniquely identifies the concatenation ofan S1 Bearerand the corresponding DataRadio Bearer.
When an E-RABexists, there is a one-to-one mapping between this E-RABand an EPS bearer ofthe Non Access

Stratumas defined in [17].
Frequency layer: set of cells with the same carrier frequency.
FeMBMS: further enhanced multimedia broadcast multicast service.

Handover: procedure that changes the serving cellofa UE in RRC_CONNECTED.

Hybrid cell:a cell broadcastinga CSG indicatorsetto false anda specific CSGidentity. This cellis accessible as a
CSG cell by UEs which are members ofthe CSG and as anormal cell by all other UEs.

Local Home Network: as defined in TS 23.401 [17].

LTE bearer: in LTE-WLAN A ggregation, a bearer whoseradio protocols are located in the eNB only to use eNBradio
resources only.

LWA bearer: in LTE-WLAN Aggregation, a bearer whoseradio protocols are locatedin both the eNBand the WLAN
touse botheNBand WLAN resources.

LWAAP PDU: in LTE-WLAN Aggregation,a PDU with DRB ID generated by LW AAP entity for transmissionover
WLAN.
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Make-Before-Break HO/SeNB change: maintaining source eNB/SeNB connection after reception of RRCmessage
for handover orchange of SeNB before the initial uplink transmission to the target eNB during handover or change of
SeNB.

Master Cell Group: in dual connectivity,a group of servingcells associated with the MeNB, comprising ofthe PCell
and optionally one or more SCells.

Master eNB: in dual connectivity, the eNB which terminates at least SI-MME.
MBMS-dedicated cell: celldedicated to MBMS transmission.
MBMS/Unicast-mixed cell: cell supporting bothunicast and MBMS transmissions.

FeMBMS/Unicas t-mixed cell: cell supporting MBMS transmis sion and unicast transmission as SCell.

MCG bearer: in dual connectivity, a bearer whoseradio protocols are only located in the MeNB to use MeNB
resources only.

Membership Verification: the process thatchecks whethera UE is a member or non-memberofa hybrid cell.
NB-IoT: NB-IoT allows accessto network services via EFUTRA with a channel bandwidth limited to 200 kHz.
NB-IoT UE: a UE thatuses NB-IoT.

Non-anchor carrier:in NB-IoT, a carrier where the UE does notassume that NPSS/NSSS/NPBCH/SIB-NB are
transmitted.

PLMN ID Check: the process thatchecks whethera PLMNID is the RPLMN identity oran EPLM N identity ofthe
UE.

Power saving mode: mode configuredand controlled by NAS that allows the UEto reduce its power consumption, as
defined in TS 24.301 [20], TS23.401 [17], TS 23.682 [57].

Primary PUCCH group: a group ofservingcells including PCell whose PUCCH signalling is associated with the
PUCCH on PCell.

Primary Timing Advance Group: Timing Advance Group containing the PCell. In this specification, Primary Timing
Advance Group refers alsoto Timing Advance Group containing the PSCellunless explicitly stated otherwise.

ProSe-enabled Public Safety UE: a UE that the HPLMN has configured to be authorized for Public Safety use, and
which is ProSe-enabled and supports ProSe procedures and capabilities specific to Public Safety. The UEmay, but need
not, have a USIM with one ofthe specialaccess classes {12, 13, 14}.

ProSe Per-Packet Priority: a scalar value associated with a protocol dataunit that defines the priority handling to be
applied fortransmission ofthatprotocol data unit.

ProSe UE-to-Network Relay: a UE that provides functionality to support connectivity to the network for Remote
UE(s).

ProSe UE-to-Network Relay Selection: Process ofidentifyinga potential ProSe UE-to Network Relay, which can be
used for connectivity services (e.g. to communicate with a PDN).

ProSe UE-to-Network Relay Reselection: process of changing previously selected ProSe UE-to-Network Relay and
identifying potentiala new ProSe UE-to-Network Relay, which can be be used for connectivity services (e.g. to
communicate with PDN).

Public Safety ProSe Carrier: carrier frequency for public safety sidelink communication and public safety sidelink
discovery.

PUCCH group: either primary PUCCH group ora secondary PUCCH group.
PUCCH SCell: a Secondary Cell configured with PUCCH.
RACH-less HO/SeNB change: skippingrandomaccess procedure duringhandover or change of SeNB.

Remote UE: a ProSe-enabled Public Safety UE, that communicates with a PDN via a ProSe UE-to-Network Relay.
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SCG bearer: in dual connectivity, a bearer whoseradio protocols are only located in the SeNBto use SeNB resources.

Secondary Cell Group: in dual connectivity, a group of serving cells associated with the SeNB, comprising of PSCell
and optionally one or more SCells.

Secondary eNB: in dual connectivity, the eNB that is providing additional radio resources forthe UEbut is not the
MastereNB.

Secondary PUCCH group: a group of SCells whose PUCCH signalling is associated with the PUCCH on the PUCCH
SCell.

Secondary Timing Advance Group: Timing Advance Group containing neither the PCellnor PSCell.

Sidelink: UEto UE interface for sidelink communication, V2X sidelink communication andsidelink discovery. The
Sidelink corresponds to the PC5 interface as defined in TS 23.303 [62].

Sidelink Control period: period over which resources are allocated in a cell for sidelink controlinformation and
sidelink data transmissions. The Sidelink Control period corresponds to the PSCCH period as definedin TS 36.213 [6].

Sidelink communication: AS functionality enabling ProSe Direct Communicationas defined in TS 23.303 [62],
between two or more nearby UEs, using E-UTRA technology but not traversing any networknode. In this version, the
terminology “sidelink communication” without“V2X” prefix only concerns PS unless specifically stated otherwise.

Sidelink discovery: AS functionality enabling ProSe Direct Discovery as definedin TS 23.303 [62], using EE-UTRA
technology but not traversing any network node.

Splitbearer: in dualconnectivity, a bearer whose radio protocols are located in boththeMeNB and the SeNBto use
both MeNBand SeNBresources.

Split LWA bearer: in LTE-WLAN Aggregation, a bearer whoseradio protocols are located in both the eNBand the
WLANto use both eNBand WLAN radio resources.

Switched LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in boththe eNB and
the WLANbut uses WLAN radio resources only.

Timing Advance Group: a group ofservingcells that is configured by RRC and that, for the cells with an UL
configured, usethe same timing reference celland the same Timing Advance value.

User plane CIoT EPS optimization: Enables support for change from EMM-IDLE mode to EMM-CONNECTED
mode without the need forusingthe Service Request procedure, as definedin TS 24.301 [20].

V2Xsidelink communication: AS functionality enabling V2X Communication as definedin TS 23.285 [72], between
nearby UEs, using E-UTRA technology but not traversing any network node.

WLAN Termination: the logicalnode that terminates the Xw interface on the WLAN side.

3.2 Abbreviations

Forthe purposes ofthe present document, the abbreviations givenin TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedenceover the definition ofthe same abbreviation, ifany, in

TR 21.905 [1].

1xCSFB Circuit Switched Fallbackto IxXRTT
ABS Almost Blank Subframe
AC Access Category
ACK Acknowledgement
ACLR AdjacentChannel Leakage Ratio
AM Acknowledged Mode
AMBR Aggregate MaximumBit Rate
ANDSF Access Network Discovery and Selection Function
ANR Automatic Neighbour Relation
ARP Allocation and Retention Priority
ARQ Automatic Repeat Request
AS Access Stratum
BCCH BroadcastControl Channel
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BCH
BL
BR-BCCH
BSR
C1

CA
CAZAC
CBC
CcC

CG

CIF
CloT
CMAS
CMC
C-plane
C-RNTI
CoMP
CpP

CQI
CRC
CRE
CRS
CSA
CSG
CSI
CSI-IM
CSI-RS
DC
DCCH
DCN
DeNB
DFTS
DL
DMTC
DRB
DRS
DRX
DTCH
DTX
DwPTS
E-CID
E-RAB
E-UTRA
E-UTRAN
EAB
ECGI
ECM
eHRPD
eIMTA
EMM
eNB
EPC
EPDCCH
EPS
ETWS
FDD
FDM
G-RNTI
GBR
GERAN
GNSS
GP

23

BroadcastChannel

Bandwidth reduced Low complexity
Bandwidth Reduced Broadcast Control Channel
Buffer Status Report
Carrier-to-Interference Power Ratio
Carrier Aggregation

Constant Amplitude Zero Auto-Correlation
Cell Broadcast Center

Component Carrier

Cell Group

Carrier Indicator Field

Cellular Internet of Things

Commercial Mobile Alert Service
Connection Mobility Control
ControlPlane

Cell RNTI

Coordinated Multi Point

Cyclic Prefix

Channel Quality Indicator

Cyclic Redundancy Check

Cell Range Extension

Cell-specific Reference Signal
Common Subframe Allocation

Closed Subscriber Group

Channel State Information

CSI interference measurement

CSI reference signal

Dual Connectivity

Dedicated Control Channel

Dedicated Core Network

DonoreNB

DFT Spread OFDM

Downlink

Discovery Signal Measurement Timing Configuration
Data Radio Bearer

Discovery Reference Signal
Discontinuous Reception

Dedicated Traffic Channel
Discontinuous Transmission

Downlink Pilot Time Slot

Enhanced Cell-ID (positioning method)
E-UTRAN Radio Access Bearer
Evolved UTRA

Evolved UTRAN

Extended Access Barring

E-UTRAN Cell Global Identifier

EPS Connection Management
enhanced High Rate Packet Data
Enhanced Interference Management and Traffic Adaptation
EPS Mobility Management

E-UTRAN NodeB

Evolved Packet Core

Enhanced Physical Downlink Control Channel
Evolved Packet System

Earthquake and Tsunami Warning System
Frequency Division Duplex

Frequency Division Multiplexing
Group RNTI

Guaranteed Bit Rate

GSM EDGE Radio Access Network
Global Navigation Satellite System
Guard Period
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GRE Generic Routing Encapsulation

GSM Global Systemfor Mobile communication
GUMMEI Globally Unique MME Identifier

GUTI Globally Unique Temporary Identifier
GWCN GateWay Core Network

H-SFN Hyper SystemFrame Number

HARQ Hybrid ARQ

(H)eNB eNB or HeNB

HO Handover

HPLMN Home Public Land Mobile Network
HRPD High Rate Packet Data

HSDPA High Speed Downlink Packet Access
ICIC Inter-Cell Interference Coordination
IDC In-Device Coexistence

P Internet Protocol

ISM Industrial, Scientific and Medical
KPAS Korean Public Alert System

L-GW Local Gateway

LAA Licensed-Assisted Access

LB Load Balancing

LBT Listen Before Talk

LCG Logical Channel Group

LCR Low Chip Rate

LCS LoCation Service

LHN Local Home Network

LHN ID Local Home Network ID

LIPA Local IP Access

LMU Location Measurement Unit

LPPa LTE Positioning Protocol Annex

LTE Long Term Evolution

LWA LTE-WLAN Aggregation

LWAAP LTE-WLAN Aggregation Adaptation Protocol
LWIP LTE WLAN Radio Level Integration with [Psec Tunnel
LWIP-SeGW  LWIP Security Gateway

MAC MediumAccess Control

MBMS Multimedia Broadcast Multicast Service
MBR Maximum Bit Rate

MBSFN Multimedia Broadcast multicast service Single Frequency Network
MCCH Multicast Control Channel

MCE Multi-cell/multicast Coordination Entity
MCG Master Cell Group

MCH Multicast Channel

MCS Modulationand Coding Scheme

MDT Minimization of Drive Tests

MeNB MastereNB

MGW Media Gateway

MIB Master Information Block

MIMO Multiple Input Multiple Output

MME Mobility Management Entity

MMTEL Multimedia telephony

MPDCCH MTC Physical Downlink Control Channel
MSA MCH Subframe Allocation

MSI MCH Scheduling Information

MSP MCH Scheduling Period

MTC Machine-Type Communications

MTCH Multicast Traffic Channel

NACK Negative Acknowledgement

NAS Non-Access Stratum

NB-IoT Narrow Band Internet of Things

NCC Next Hop Chaining Counter

NH Next Hop key

NNSF NASNode Selection Function
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NPBCH
NPDCCH
NPDSCH
NPRACH
NPUSCH
NPRS
NPSS
NR

NRT
NSSS
OFDM
OFDMA
OPI
OTDOA
P-GW
P-RNTI
PA
PAPR
PBCH
PBR
PCC
PCCH
PCell
PCFICH
PCH

PCI
PDCCH
PDCP
PDN
PDSCH
PDU
PHICH
PHY
PLMN
PMCH
PMK
PPPP
PRACH
PRB
ProSe
PSBCH
PSC
PSCCH
PSCell
PSDCH
PSK
PSM
PSSCH
pTAG
PTW
PUCCH
PUSCH
PWS
QAM
QCI
QoS
R-PDCCH
RA-RNTI
RAC
RACH
RAT

RB
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Narrowband Physical Broadcastchannel
Narrowband Physical Downlink Control channel
Narrowband Physical Downlink Shared channel
Narrowband Physical Random A ccess channel
Narrowband Physical Uplink Shared channel
Narrowband Positioning Reference Signal
Narrowband Primary Synchronization Signal
Neighbourcell Relation

Neighbour Relation Table

Narrowband Secondary Synchronization Signal
Orthogonal Frequency Division Multiplexing
Orthogonal Frequency Division Multiple Access
Offload Preference Indicator

Observed Time Difference Of Arrival (positioning method)
PDN Gateway

Paging RNTI

Power Amplifier

Peak-to-Average Power Ratio

Physical Broadcast CHannel

Prioritised Bit Rate

Primary Component Carrier

Paging Control Channel

Primary Cell

Physical Control Format Indicator CHannel
Paging Channel

Physical Cell Identifier

Physical Downlink Control CHannel

Packet Data Convergence Protocol

Packet Data Network

Physical Downlink Shared CHannel
Protocol Data Unit

Physical Hybrid ARQ Indicator CHannel
Physicallayer

Public Land Mobile Network

Physical Multicast CHannel

Pairwise Master Key

ProSe Per-Packet Priority

Physical Random A ccess CHannel

Physical Resource Block

Proximity based Services

Physical Sidelink Broadcast CHannel

Packet Scheduling

Physical Sidelink Control CHannel

Primary SCell

Physical Sidelink Discovery CHannel
Pre-Shared Key

Power Saving Mode

Physical Sidelink Shared CHannel

Primary Timing Advance Group

Paging Time Window

Physical Uplink Control CHannel

Physical Uplink Shared CHannel

Public Warming System

Quadrature Amplitude Modulation

QoS Class Identifier

Quality of Service

Relay Physical Downlink Control CHannel
RandomAccess RNTI

Radio Admission Control

RandomA ccess Channel

Radio Access Technology

Radio Bearer
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RBC
RCLWI
RF

RIBS
RIM
RLC
RMTC
RN

RNC
RNL
RNTI
ROHC
RRC
RRM

RU
S-GW
S-RSRP
SI-MME
SAE
SAP
SBCCH
SC-FDMA
SC-MCCH
SC-MTCH
SC-N-RNTI
SC-PTM
SC-RNTI
SCC
SCell
SCG
SCH
SCTP
SD-RSRP
SDF
SDMA
SDU
SeGW
SeNB
SFN

SI
SI-RNTI
S1-U

SIB
SIPTO
SIPTO@LN
SL-BCH
SL-DCH
SL-RNTI
SL-SCH
SPID

SR

SRB
sTAG
STCH
SU

TA

TAG

TB

TCP
TDD
TDM
TEID
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Radio Bearer Control

RAN Controlled LTE-WLAN Interworking
Radio Frequency

Radio-interface based s ynchronization
RAN Information Management

Radio Link Control

RSSI Measurement Timing Configuration
Relay Node

Radio Network Controller

Radio Network Layer

Radio Network Temporary Identifier
Robust Header Compression

Radio Resource Control

Radio Resource Management

Resource Unit

Serving Gateway

Sidelink Reference Signal Received Power
S1 for the control plane

System Architecture Evolution

Service Access Point

Sidelink Broadcast Control Channel
Single Carrier — Frequency Division Multiple Access
Single Cell Multicast Control Channel
Single Cell Multicast Transport Channel
Single Cell Notification RNTI

Single Cell Point To Multiploint

Single Cell RNTI

Secondary Component Carrier

Secondary Cell

Secondary Cell Group

Synchronization Channel

Stream Control Transmission Protocol
Sidelink Discovery Reference Signal Received Power
Service Data Flow

Spatial Division Multiple Access

Service Data Unit

Security Gateway

Secondary eNB

SystemFrame Number
SystemInformation

SystemInformation RNTI

S1 for the userplane

SystemInformation Block

Selected IP Traffic Offload

Selected IP Traffic Offload at the Local Network
Sidelink Broadcast Channel

Sidelink Discovery Channel

Sidelink RNTI

Sidelink Shared Channel

Subscriber Profile ID for RAT/Frequency Priority
Scheduling Request

Signalling Radio Bearer

Secondary Timing Advance Group
Sidelink Traffic Channel

Scheduling Unit

Tracking Area

Timing Advance Group

Transport Block

Transmission Control Protocol

Time Division Duplex

Time Division Multiplexing

Tunnel EndpointIdentifier
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TFT Traffic Flow Template
™ Transparent Mode
TMGI Temporary Mobile Group Identity
TNL Transport Network Layer
TTI Transmission Time Interval
U-plane Userplane
UE User Equipment
UL Uplink
UM Unacknowledged Mode
UMTS Universal Mobile Telecommunication System
UpPTS Uplink Pilot Time Slot
UTRA Universal Terrestrial Radio Access
UTRAN Universal Terrestrial Radio A ccess Network
V21 Vehicle-to-Infrastructure
V2N Vehicle-to-Network
V2P Vehicle-to-Pedestrian
V2V Vehicle-to-Vehicle
V2X Vehicle-to-Everything
VRB Virtual Resource Block
WLAN Waireless Local Area Network
WT WLAN Termination
X2-C X2-Controlplane
X2 GW X2 GateWay
X2-U X2-Userplane
Xw-C Xw-Controlplane
Xw-U Xw-Userplane
4 Overall architecture

The E-UTRAN consists of eNBs, providing the E-UTRA user plane (PDCP/RLC/M A C/PHY) and control plane (RRC)
protocol terminations towards the UE. The eNBs are interconnected with each other by means ofthe X2 interface. The
eNBs are also connected by means ofthe S1 interface to the EPC (Evolved Packet Core), more specifically to the MME
(Mobility Management Entity) by means ofthe SI-MME interface and to the Serving Gateway (S-GW ) by means ofthe
S1-U interface. The S1 interface supports a many-to-many relation between MMEs / Serving Gateways and eNBs.

The E-UTRAN architecture is illustrated in Figure 4 below.

MME / S-GW
-
(I )
2 5
X0 ‘ > E-UTRAN
x / NB
eNB \ (( )) ; €
tv\ ,r/-ﬂ
eNB
_/

Figure 4-1: Overall Architecture

If the eNB supports SIPTO@LN with collocated L-GW, it shallsupport an S5 interface towards the S-GW and an SGi
interface towards the IP network. See section4.8.2 for the details ofthe architecture and functions in case SIPTO@LN
with collocated L-GW is supported.
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The EEUTRAN may also comprise LM Us (Location Measurement Unit) (see [S1]) used for Uplink positioning.

ForNB-IoT the positioning is supported based on theexisting LCS architecture.

4.1

Functional Split

The eNB hosts the following functions:

Functions for Radio Resource Management: Radio Bearer Control, Radio A dmission Control, Connection
Mobility Control, Dynamic allocation ofresources to UEs in uplink, downlink and sidelink (scheduling);

IP header compressionand encryption of user data stream;

Selection ofan MMEat UE attachment whenno routingto an MME can be determined fromthe information
provided by the UE;

Routing of User Plane data towards Serving Gateway;

Scheduling and transmission of paging messages (originated fromthe MME);

Scheduling and transmission of broadcastinformation (originated fromthe MME or O&M);

Measurementand measurement reporting configuration for mobility and scheduling;

Scheduling and transmission of PW S (which includes ETW S and CM A S) messages (originated fromthe MME);
CSG handling;

Transport level packet marking in the uplink;

S-GW relocation without UEmobility, as defined in TS 23.401 [17];

SIPTO@LN handling;

Maintaining security and radio configuration for User Plane CloT EPS optimizations, as defined in TS 24.301
[20];

Optionally registering with the X2 GW (if used).

The DeNB hosts the following functions in addition to the eNB functions:

S1/X2 proxy functionality for supporting RNs;
S11 termination and S-GW/P-GW functionality for supporting RNs.

The MMEhosts the following functions (see 3GPP TS 23.401 [17]):

NASsignalling;

NAS signalling security;

AS Security control;

Selection of CloT EPS optimizations (e.g., Control Plane CloT EPS optimization, as defined in TS 24.301 [20]);
Inter CN node signalling for mobility between 3GPP access networks;

Idle mode UE Reachability (including control and execution of paging retransmis sion);

Tracking Area list management (for UE in idle and active mode);

PDN GW and Serving GW selection;

MMEselection forhandovers with MME change;

SGSN selection forhandovers to 2Gor 3G 3GPP accessnetworks;

Roaming;
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Authentication;

Bearer management functions including dedicated bearer establishment;
Support for PWS (which includes ETW S and CM A S) message transmis sion;
Optionally performing paging optimisation;

S-GW relocation without UEmobility, as defined in TS 23.401 [17].

NOTE 1: The MMEshould notfilter the PAGING message based on the CSG IDs towards macro eNBs.

The Serving Gateway (S-GW) hosts the following functions (see 3GPP TS 23.401 [17]):

The local Mobility Anchor point forinter-eNB handover;

Mobility anchoring for inter-3GPP mobility;

E-UTRAN idle mode downlink packet buffering and initiation of network triggered servicerequest procedure;
Lawful Interception;

Packet routeing and forwarding;

Transport level packet marking in the uplink and the downlink;

Accountingon userand QCI granularity for inter-operator charging;

UL and DL charging per UE, PDN, and QCI.

The PDN Gateway (P-GW) hosts the following functions (see 3GPP TS 23.401 [17]):

Per-userbased packetfiltering (by e.g. deep packet inspection);
Lawful Interception;

UE IP address allocation;

Transport level packet marking in the uplink and the downlink;
UL and DL service level charging, gating and rate enforcement;

DL rate enforcementbased on APN-AMBR,;

This is summarized on the figure below where yellow boxes depictthe logicalnodes, white boxes depictthe functional
entities ofthe control plane and blue boxes depict the radio protocol layers.

NOTE2: Thereis no logical EEFUTRANnode otherthanthe eNBneeded for RRM purposes.

NOTE 3: MBMS related functions in EEFUTRAN are described separately in subclause 15.
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eNB
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Figure 4.1-1: Functional Split between E-UTRAN and EPC
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Radio Protocol architecture

In this subclause, the radio protocol architecture of EEUTRAN is given forthe user plane and the control plane.

4.3.1

User plane

The figure below shows the protocol stack for the user-plane, where PDCP, RLC and MA Csublayers (terminated in
eNB on the network side) performthe functions listed for the user planein subclause 6, e.g. header compression,
ciphering, scheduling, ARQand HARQ.

UE eNB

PHY <

[ ey ]

Figure 4.3.1-1: User-plane protocol stack

ForNB-IoT, the userplane is notused when transfering data over NAS.
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4.3.2

Control plane

The figure below shows the protocol stack for the control-plane, where:

- PDCP sublayer (terminated in eNB on the network side) performs the functions listed forthe control planein
subclause 6, e.g. ciphering and integrity protection;

- RLC and MACsublayers (terminated in eNB on the network side) performthe same functions as forthe user
plane;

- RRC (terminated in eNB on the network side) performs the functions listed in subclause7,e.g.:

Broadcast;

Paging;

RRC connectionmanagement;
RB control;

Mobility functions;

UE measurement reporting and control, except for NB-loT.

- NAS control protocol (terminated in MME on the network side) performs among other things:

EPS bearer management;
Authentication;

ECM-IDLE mobility handling;
Paging origination in ECM-IDLE;

Security control.

NOTE 1: The NAS controlprotocolis not covered by thescope ofthis TS and is only mentioned for information.

E eNB MME

C

NAS

Y
v

P
>
w

RRC < RRC

PDCP < > PDCP

i
i

RLC

A
A 4

RLC

MAC MAC

U
|

PHY |« PHY

A 4

Figure 4.3.2-1: Control-plane protocol stack

NOTE2: Fora NB-IoT UE that only supports Control Plane CloT EPS optimization, as definedin TS 24.301 [20],

4.4

PDCP is bypassed. ForaNB-IoT UE that supports Control Plane CloT EPS optimization and S1-U data
transferor User Plane CloT EPS optimization, as definedin TS 24.301 [20], PDCP is also bypassed (i.e.
notused)until AS security is activated.

Synchronization

Diverse methods and techniques are preferred depending onsynchronizationrequirements. As nosingle method can
coverall EEUTRAN applications a logical port at eNB may be used forreception oftiming and/or frequency and/or
phase inputs pending to the synchronization method chosen.
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4.5 |P fragmentation

Fragmentation function in IP layeron S1 and X2 shallbe supported.

Configuration of S1-U (X2-U) link MTU in the eNBaccordingto the MTU ofthe network domain the node belongs to
shallbe consideredas a choice at network deployment. The network may employ various methods to handle IP
fragmentation, butthe specific methods to use are implementation dependant.

4.6 Support of HeNBs
4.6.1 Architecture

Figure 4.6.1-1 shows alogicalarchitecture forthe HeNB that has a set of S1 interfaces to connect the HeNB to the EPC.

The configuration and authentication entities as shown here should be common to HeNBs and HNBs.

s1\-u 3 stu
HeNB < \ | | }
o1 | } s1-
MME | ‘ MME
PR N !
« | : | ‘
ixz } HeNB
| Gw
S1- | |
‘ ‘ 1 EPC
MME | | MME
’ } : | } »
| SeGW |
HeNB s1-U | | sV
R | il
3 7 HenB |
[ ! Mgmt I
! System |

Figure 4.6.1-1: E-UTRAN HeNB Logical Architecture

The E-UTRAN architecture may deploy a Home eNB Gateway (HeNB GW) to allow the S1 interface between the
HeNB and the EPC to support a large number of HeNBs in a scalable manner. The HeNB GW serves as a concentrator
for the C-Plane, specifically the SI-MME interface. The S1-U interface fromthe HeNB may be terminated at the HeNB
GW, or adirect logical U-Plane connectionbetween HeNB and S-GW may be used (as shown in Figure 4.6.1-1).

The S1 interface is defined as the interface:
- Between the HeNB GW and the Core Network;
- Between the HeNB and the HONBGW;
- Between the HeNB and the Core Network;
- Between the eNBand the Core Network.

The HeNB GW appears to the MMEas an eNB. The HeNB GW appears tothe HeNBas an MME. The S1 interface
between the HeNB and the EPC s the same, regardless whether the HeNB is connected tothe EPC viaa HeNB GW or

not.

The HeNB GW shallconnectto the EPCin a way that inbound and outbound mobility to cells served by the HeNB GW
shallnot necessarily require inter MMEhandovers. One HeNB serves only one cell.

The functions supported by the HeNB shall be the same as those supportedby an eNB (with possible exceptions e.g.
NNSF) and the procedures run between a HeNB and the EPC shallbe the same as those betweenan eNB and the EPC
(with possible exceptions e.g. S5 procedures in case of LIPA support).

X2-based HOnvolving HeNBs is allowed as shown in Table 4.6.1-1.
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Table 4.6.1-1: X2-based HO support

Source Target Notes
eNB or any HeNB open access HeNB
eNB, or any HeNB hybrid access HeNB
hybrid access HeNB or closed access HeNB Only applies for same
closed access HeNB CSG ID and PLWN,

and if the UE is a
member of the CSG
cell.

Any HeNB eNB

This versionofthe specification supports X2-connectivity between HeNBs, independent of whether any ofthe involved
HeNBs is connectedto a HeNB GW.

The overall EEFUTRAN architecture with deployed HeNB GW and X2 GW is shown below.

MME / S-GW MME / S-GW l\’//I/ME;L / S-GW

%
/ R

s

@ \( )) :“
¢ HeNBGW |
— o ——xz j
TN, @ ) _w 20V B i
- , + o
+

\/Xz

(c >) (< >)
\ HeNB é é

87 \?’
)

\VS

Sy

HeNB HeNB

Figure 4.6.1-2: Overall E-UTRAN Architecture with deployed HeNB GW and X2 GW.

NOTE: In the figure above,a HeNBoperating in LIPA mode has beenrepresented with its S5 interface. X2-based
HO involving HeNBs is supported according to Table 4.6.1-1.

If the HeNB supports the LIPA function, it shallsupport an S5 interface towards the S-GW and an SGi interface
towards the residential/IP network. See section 4.6.5 for the details ofthe architecture and functions in case of LIPA
support.

If the HeNB supports SIPTO@LN with collocated L-GW, it shallsupport an S5 interface towards the S-GW and an SGi
interface towards the IP network. The S5 interface does notgo viathe HeNB GW, even when present. Allother
functions are described in section4.8.2.

4.6.2  Functional Split

A HeNB hosts thesame functions as an eNBas described in section4.1, with the following additional specifics in case
of connection tothe HeNB GW :

- Discoveryofasuitable Serving HeNBGW;

- A HeNB shallonly connectto asingle HeNB GW at one time, namely no S1 Flex function shallbe usedat the
HeNB:
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- The HeNB will not simultaneously connectto another HeNB GW, oranother MME.
The TACand PLMNID used by the HeNBshallalso be supported by the HeNB GW;

Selection ofan MMEat UE attachment is hosted by the HeNB GW instead ofthe HeNB. Upon reception ofthe
GUMMEI from a UE, the HeNB shallinclude it in the INITIAL UE MESSA GE message; uponreception ofthe
GUMMEI Type fromthe UE, the HeNBshallalso include it in the message if supported and supported by the

HeNB GW.

HeNBs may be deployed without network planning. A HeNB may be moved fromone geographical area to
anotherand therefore it may need to connectto different HeNB GW's depending on its location;

Signalling the GUMMEI of the Source MMEto the HeNB GW in the S1 PATH SWITCH REQUEST message.

Regardless of HeNB GW connection:

The HeNB may support the LIPA function. See section 4.6.5 for details.

The HeNB may support Fixed Broadband A ccess network interworking function to signal Tunnel Information to
the MMEvia INITIAL UE MESSAGE message, PATH SWITCH REQUEST messageand HANDOVER
NOTIFY messageas specified in TS 23.139 [55]. The HeNB may also signal Tunnel Informationto the MeNB
via SENB ADDITION REQUEST ACKNOW LEDGE message whenthe HeNB provide SeNB function and the
MeNBsignalto MMEvia E-RAB MODIFICATION INDICA TION message The Tunnel Information includes
the HeNBIP address, the UDP port if NAT/NAPT is detected.

In casean X2 GW is used, the HeNBregisters with the X2 GW at power on orafterany changeof TNL
address(es).

The HeNB GW hosts the following functions:

Relaying UE-associated S1 application part messages betweenthe MMEserving the UEand the HeNB serving
the UE, except the UE CONTEXT RELEASE REQUEST message received fromthe HeNB with an explicit
GW Context Release Indication. In that case, the HeNB GW terminates the S1 UE Context Release Request
procedure andreleases the UE context if it determines that the UEidentified by the received UES1AP IDs is no
longerserved by an HeNB attached to it. Otherwise it ignores the message.

- Incaseof STINITIAL CONTEXT SETUP REQUEST message and ST HANDOVER REQUEST message,
informing the HeNB aboutany GUMMEI corresponding to the serving MME, the MMEUE S1AP ID
assignedby the MMEand the MMEUE S1APID assigned by the HeNB GW for the UE. In case of S1
PATHSWITCHREQUEST ACKNOW LEDGE message, informing the HeNB about the MMEUE S1AP ID
assignedby theMMEand the MME UE S1APID assigned by the HeNB GW for the UE.

- Incaseof STINITIAL UE MESSAGE message, S1 PATH SWITCH REQUEST and ST HANDOVER
REQUEST ACKNOWLEDGE message, verifying, as defined in TS 33.320 [53], fora closed HeNB, that the
indicated cellaccess mode and CSGID are valid for that HeNB.

Terminating non-UEassociated S1 application part procedures towards the HeNB and towards the MME. In
case of SI SETUP REQUEST message, verifying, as defined in TS 33.320 [53], that the identity used by the
HeNB is valid and determining whether the access mode ofthe HeNB s closed ornot. In case of SIPW'S
RESTART INDICATION message and PWS FAILUREINDICATION message, verifying, as definedin TS
33.320 [53], that the indicated cellidentity is valid and replacing the HeNB ID by the HeNB GW ID before
sendingthe PWS RESTART INDICA TION message (respectively the PWS FAILUREINDICATION message)
to the MME.

- Uponreceivingan OVERLOAD START/STOP message, the HeNB GW should send the OVERLOAD
START/STOP messagetowards the HeNB(s ) including in the message the identities ofthe affected MME
node. The HeNB uses this informationreceived fromthe OVERLOAD START messageto identify to which
traffic the above defined rejections shallbe applied. The HeNB shall apply the defined rejections until
reception ofan OVERLOAD STOP message applicable to this traffic, oruntil the HeNBreceives a further
OVERLOAD START message applicable to the same traffic, in which case it shallreplace the ongoing
overload action with thenewly requested one.

NOTE: Ifa HeNB GW is deployed, non-UEassociated procedures shallbe run between HeNBs and the HeNB

GW and betweenthe HeNB GW and the MME.
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Optionally terminating S1-U interface with the HeNB and with the S-GW.
Supporting TACand PLMN ID used by the HeNB.
X2 interfaces shallnot be established betweenthe HeNB GW and othernodes.

Routing the SIPATH SWITCH REQUEST message towards the MMEbased on the GUMMEI of the source
MMEr received fromthe HeNB.

Selection ofan IP version to be used for S1-U, if a requested ERAB configuration contains two transport layer
addresses of different versions.

A list of CSG IDs may be included in the PAGING message. Ifincluded, the HeNB GW may use the list of CSG IDs
for paging optimization.

The X2 GW hosts the following functions:

routing the X2AP X2 MESSA GE TRANSFER messageto target eNB or HeNB based on the routing
information received in the X2AP X2 MESSA GE TRANSFER message.

informing the relevant (H)eNBs upondetecting that thesignalling (i.e. SCTP) connection toa (H)eNB is
unavailable. Therelevant (H)eNBs are the ones which had an "X2AP association" with this (H)eNB via the X2

GW when the signalling connection became unavailable.

Mappingthe TNLaddress(es) ofa (H)eNB to its corresponding Global (H)eNB ID and maintaining the
association.

In addition to functions specified in section 4.1, the MMEhosts the following functions:

Access control for UEs that are members of Closed Subscriber Groups (CSG):

- In caseofhandoversto CSGeells, access controlis based on thetarget CSGID ofthe selected target PLMN
provided tothe MMEDby the serving EEUTRAN (see 3GPP TS 23.401 [17]).

Membership Verification for UEs handing overto hybrid cells:

- In case ofhandovers to hybrid cells the MME performs Membership Verification based on UE’s selected
target PLMN, cell access mode related informationandthe CSGID of the target cell provided by the source
E-UTRAN in S1 handover, orprovided by the target EEUTRAN in X2 handover (see 3GPP TS 23.401 [17]).

Membership Verification for UEs for which the hybrid cellis served by an SeNBis described in section4.9.3.3.

CSG membership status signalling to the EEUTRAN in case ofattachment/handover to hybrid cells andin case
of the changeofmembership status when a UEis servedby a CSGcell or a hybrid cell.

Supervising the E-FUTRAN action afterthe change in the membership status ofa UE.

In case ofa HeNBdirectly connected:

- verifying as defined in TS 33.320 [53], that the identity used by the HeNB s valid when receivingthe S1
SETUP REQUEST messageand determining whether the access mode ofthe HeNBiis closedornot;

- verifying as defined in TS 33.320 [53], for a closed HeNB, that the indicated cellaccess mode and CSG ID
are valid when receivingthe S1INITIAL UE MESSAGE message,theS1 PATH SWITCH REQUEST and
the S| HANDOVER REQUEST ACKNOWLEDGE message;

- and verifying, as defined in TS 33.320 [53], that the indicated HeNB identity is valid when receiving the S1
PWSRESTART INDICATION message andthe S1PW S FAILURE INDICATION message.

Routing ofhandover messages, MME configuration transfer messages and MME Direct Information Transfer
messages towards HeNB GW's based onthe TAl contained in these messages.

NOTE: Ifrouting ambiguities are to be avoided,a TATused ina HeNB GW should not be reused in another

HeNB GW.

NOTE: The MMEorHeNB GW should not include the list of CSGIDs for paging when sending the paging

messagedirectly to an un-trusted HeNB or eNB.
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- The MMEmay support the LIPA function with HeNB. See details ofthis support in section4.6.5.

- The MMEmay support fixed Broadband A ccess network interworking with HeNB as specified in TS 23.139
[55].

- The MMEmay send two transport layer addresses of different versions only in case of HeENB GW which does
not terminate user plane.

4.6.3

4.6.3.1
The S1-U data plane is defined between the HeNB, HeNB GW and the S-GW. The figures below show the S1-U

Interfaces

Protocol Stack for S1 User Plane

protocol stack with and withoutthe HeNB GW .

GTP-U GTP-U
UDP UDP
IP IP
L2 L2
L1 L1

S1-U
HeNB S-GW

Figure 4.6.3.1-1: User plane for S1-U interface for HeNB without HeNB GW

GTP-U GTP-U GTP-U Gl
UDP UDP UDP UDP
P P P P
L2 L2 L2 L2
L1 L1 L1 L1

s1-U s1-U
HeNB HeNB GW S-GW

Figure 4.6.3.1-2: User plane for S1-U interface for HeNB with HeNB GW

The HeNB GW may optionally terminatethe user plane towards the HeNB and towards the S-GW, and relay User
Plane data between the HeNB and the S-GW.

46.3.2

The two figures below show the SI-MME protocol stacks with and without the HeNB GW .

Protocol Stacks for S1 Control Plane

When theHeNB GW is not present (Fig.4.6.3.2-1), all the S1-AP procedures are terminated at the HeNB and the
MME.

When present (Fig. 4.6.3.2-2), the HeNB GW shallterminate the non-UE-dedicated procedures — both with the HeNB,
and with the MME. The HeNB GW relays Control Plane data between the HeNB and the MME. The scope ofany
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protocol function associated to a non-UE-dedicated procedureshall be between HeNB and HeNB GW and/orbetween
HeNB GW and MME.

Any protocol functionassociated to an UE-dedicated-procedure shall reside within the HeNB and the MME only.

S1-AP

SCTP

S1-AP

SCTP

L2

L1

HeNB

S1-MME

L2

Access Layer

MME

Figure 4.6.3.2-1: Control plane for S1-MME Interface for HeNB to MME without the HeNB GW

S1-AP

SCTP

S1-AP

L2

L1

SCTP

L2

HeNB

S1-MME

S1-AP S1-AP
SCTP SCTP
IP IP
L2 L2
L1 L1
HeNB GW

S1-MME

L1

MME

Figure 4.6.3.2-2: Control plane for S1-MME Interface for HeNB to MME with the HeNB GW

46.3.3

Protocol Stack for S5 interface

The protocolstack forthe S5 interface can be foundin TS 29.281 [47] for the userplaneand in TS 29.274 [40] forthe

controlplane.

46.3.4

Protocol Stack for SGi interface

The protocolstack forthe SGi interface can be foundin TS 29.061 [41].

4.6.3.5

The protocolstack for X2 User Plane and X2 Control Plane is reported in Section 6.4 of TS 36.420 [46].

Protocol Stack for X2 User Plane and X2 Control Plane

4.6.4 Void

4.6.5

Support of LIPA with HeNB

Figure 4.6.5-1 shows the logical architecture for the HeNB when it supports the LIPA function.
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Figure 4.6.5-1: E-UTRAN - HeNB operating in LIPA mode - Logical Architecture

Fora LIPA PDN connection, the HeNB sets up and maintains an S5 connection to the EPC.

The S5 interface does not go via the HeNB GW, even when present.

Requirements onthe secure backhaul link for the S5 interface are specified in TS 33.320 [53].

The mobility of the LIPA PDN connectionis not supported in this release ofthe specification. The LIPA connectionis
always releasedat outgoing handoveras described in TS 23.401 [17]. The L-GW function in the HeNB triggers this
release overthe S5 interface.

In case of LIPA support, the HeNB supports the following additional functions, regardless ofthe presence ofa HeNB

GW:

transferofthe collocated L-GW IP address ofthe HeNB over SI-MMEto the EPCat every idle-active
transition;

transfer ofthe collocated L-GW IP address ofthe HeNB over SI-MMEto the EPC within every Uplink NAS
Transport procedure;

support ofbasic P-GW functions in the collocated L-GW function such as support ofthe SGi interface
corresponding to LIPA;

additional support of first packetsending, buffering of subsequent packets, internal direct L-GW - HeNB user
path management and in sequence packetdeliveryto the UE;

support ofthe necessaryrestricted set of S5 procedures corresponding to the strict supportof LIPA function as
specified in TS 23.401 [17];

notification to the EPCof the collocated L-GW uplink TEID(s) or GRE key(s) forthe LIPA bearer(s)over S5
interface within the restricted set of procedures to be forwarded over SI-MMEand furtherused by the HeNB as
"correlationid" for correlation purposes between the collocated L-GW function andthe HeNB;

in case of outgoing handovertriggering the L-GW function toreleasethe LIPA PDN connection and only
handingoverthe non-LIPA E-RABs.

In case of LIPA support, the MMEmay support the following additional functions:
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verification of UE authorizationto request LIPA activation for the requested APN at this CSG and transfer ofthe
received collocated L-GW IP address;

transfer ofthe "correlation id" i.e. collocated L-GW uplink TEID or GRE key to the HeNB within the UE
context setup procedure and E-RA B setup procedure;

verification of whether the LIPA PDN connectionhas been released during the handover procedure, as specified
in TS 23.401 [17];

deactivation ofthe LIPA PDN connectionofan idle-mode UEIf it detects that the UEhas moved out ofthe
coveragearea ofthe HeNB collocated with L-GW function, as specified in TS 23.401 [17].

4.6.6  Supportof X2 GW

Figure 4.6.6-1 shows the logical architecture when X2-connectivity via the X2 GW is supported.

eNB |« }

HeNB

EPC

HeNB

Figure 4.6.6-1: E-UTRAN operating with X2 GW - Logical Architecture

Support forthe X2 GW relies on following principles:

A HeNB connects to a single X2 GW only. Each HeNB is preconfigured with information about which X2 GW
it connects to, e.g.an IP address ofthe X2 GW.

There is no limitation on the number of X2 GWs an eNB may connect to.

The X2 GW does not terminate X2A P procedures except forthe X2AP Message Transfer procedure, but it
initiates the X2 Release procedure and the X2 Error Indication procedure.

This versionofthe specification does notsupport an interface betweentwo X2 GWs. The routing of X2AP
messages via more than one X2 GW (i.e. more than two SCTP hops)is not allowed.

X2AP contexts only exist in the two peer (H)eNBs (same as without X2 GW). The peer X2AP contexts define
an "X2AP association" between peer (H)eNBs which spans overtwo SCTP associations (oneper each hop).

The X2 GW puts no constraints onthe X2 userplaneinterface (X2-U).
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- Foreach (H)eNB connected to the X2 GW, the X2 GW maintains the association information, i.e. the mapping
ofthe GlobaleNB ID to the TNL address(es). The registration procedure, described in Sec. 4.6.6.4, is used to
updatethe association information in the X2 GW.

4.6.6.1 Enhanced TNL Address Discovery

In case of Enhanced TNL Address Discovery is used with the X2 GW, in addition to the procedures specified in section
22.3.6.1, the following also applies.

- During HeNB initiated Enhanced TNL address discovery procedure, the HeNB may include the IP address of the
X2 GW to which the HeNB connected in the eNB CONFIGURA TION TRANSFER message thus indicating its
X2 GW support capability. Uponthe reception of the IP address ofthe X2 GW, the candidate eNB may include
in its reply the received IP address ofthe X2 GW thus indicating the support of indirect X2 via the indicated X2
GW.

- During the eNB or HeNB initiated Enhanced TNL address discovery procedure towards an HeNB, the candidate
HeNB may include in its reply the IP address ofthe X2 GW to which the candidate HeNB connected thus
indicating the support of indirect X2 via the indicated X2 GW.

4.6.6.2 Routing of X2AP messages

When a (H)eNBsends an X2AP message (except the X2AP X2 MESSA GE TRANSFER message)to apeernode via
the X2 GW, the (H)eNB encapsulates the X2AP messagein an X2AP X2 MESSA GE TRANSFER message, adds the
routing information, then sends the X2AP X2 MESSA GE TRANSFER messageto the X2 GW. The routing
information includes both Target (H)eNB ID and source (H)eNB ID. The X2 GW routes themessage based onthe

target (H)eNBID. The source (H)eNBID s used by the destination (H)eNBnode to reply.
4.6.6.3 (H)eNB unavailability

Upon the detection thatthe signalling (i.e. SCTP) connection toa (H)eNB is unavailable, the X2 GW initiates the X2
Release procedure to informthe relevant (H)eNBs. The relevant (H)eNBs are the ones which hadan "X2AP

association" with this (H)eNB via the X2 GW when the signalling connection became unavailable.

46.6.4 (H)eNB registration

Registrationofa (H)eNB is performed by initiating the X2A P Message Transfer procedure towards the X2 GW
signalling a Source (H)eNBID, no Target (H)eNBID, and no X2AP Message in the X2AP MESSA GE TRANSFER

message. Uponreceipt of this message, the X2 GW saves theassociationinformation, i.e. the mapping ofthe received
Global eNB ID to the TNL address(es) ofthe originating (H)eNB.

4.7 Support for relaying
4.7.1 General

E-UTRAN supports relaying by having a Relay Node (RN) wirelessly connect to an eNB serving the RN, called Donor
eNB (DeNB), viaa modified version ofthe E-UTRA radio interface, the modified versionbeing called the Un interface.

The RN supports the eNB functionality meaning it terminates the radio protocols ofthe E-UTRA radio interface, and
the S1 and X2 interfaces. Froma specification point of view, functionality defined foreNBs, e.g. RNL and TNL, also
applies to RNs unless explicitly specified. RNs do not support NNSF.

In addition tothe eNB functionality, the RN also supports a subset of the UE functionality, e.g. physical layer, layer-2,
RRC, and NAS functionality, in orderto wirelessly connect to the DeNB.

NOTE: Inter-cellhandoverofthe RNis not supported.
NOTE: 1t is up to implementation whenthe RN starts orstops serving UEs.

NOTE: AnRN may notuseanother RN as its DeNB.
4.7.2  Architecture

The architecture for supporting RNs is shown in Figure 4.7.2-1. The RN terminates the S1, X2 and Un interfaces. The
DeNB provides S1and X2 proxy functionality between the RN and other network nodes (other eNBs, MMEs and
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S-GWs). The S1 and X2 proxy functionality includes passing UE-dedicated S1 and X2 signalling messages as wellas
GTP data packets betweenthe S1and X2 interfaces associated with the RN and the S1and X2 interfaces associated
with othernetworknodes. Due to the proxy functionality, the DeNB appears as an MME (for SI-MME), an eNB (for

X2) and an S-GW (for S1-U) to the RN.

In phase [Iof RN operation (seesubclause 4.7.6.3), the DeNB also embeds and provides the S-GW/P-GW -like
functions needed for the RN operation. This includes creating a session for the RN and managing EPS bearers forthe
RN, as well as terminating the S11 interface towards the MMEserving the RN.

The RN and DeNB also performmapping of signalling and data packets onto EPS bearers that are setup for the RN.
The mapping is based on existing QoS mechanisms defined forthe UEand the P-GW.

In phase IlofRN operation (seesubclause 4.7.6.3), the P-GW functions in the DeNB allocate an IP address forthe RN
for the O&M which may be different thanthe S1IP address ofthe DeNB.

If the RN address is not routable to the RN O&M domain, it shall be reachable fromthe RN O&M domain (e.g. via
NAT).

MME / S-GW MME / S-GW
N R
(D ‘,.O\/\ozu}l (_‘\/)(g
(o) ()
- X2 - . E-UTRAN
"/ .~ DeNB
eNB (( )) \/
PP
RN
_/

Figure 4.7.2-1: Overall E-UTRAN Architecture supporting RNs

4.7.3 S1and X2 userplane aspects

The S1 userplane protocol stack for supporting RNs is shown in Figure 4.7.3-1. There is a GTP tunnel associated with
each UE EPS bearer, spanning fromthe S-GW associated with the UE to the DeNB, which is switched to another GTP

tunnelin the DeNB, going fromthe DeNB to the RN (one-to-one mapping).

The X2 userplane protocol stack for supporting RNs is shown in Figure 4.7.3-2. There is a GTP forwarding tunnel
associated with each UEEPS bearer subjectto forwarding, spanning fromthe other eNB to the DeNB, which is
switched toanother GTP tunnel in the DeNB, going fromthe DeNB to the RN (one-to-one mapping).

The S1 and X2 userplane packets are mappedto radio bearers overthe Un interface. The mapping canbe based onthe
QCI associated with the UE EPS bearers. UEEPS bearer with similar QoS can be mapped to thesame Un radio bearer.
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Figure 4.7.3-1: S1 user plane protocol stack for supporting RNs

GTP GTP GTP cTP
UDP uDP ubP UDP
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PDCP PDCP 2 2
RLC RLC
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PHY PHY L1 L1
X2-U X2-U
RN DeNB eNB (other)

Figure 4.7.3-2: X2 user plane protocol stack for supporting RNs

4.7.4  S1and X2 control plane aspects

The S1 controlplane protocol stack for supporting RNs is shown in Figure 4.7.4-1. There is a single S1 interface
relation betweeneach RN and its DeNB, and there is one S1 interface relation between the DeNB and each MME in the
MMEpool. The DeNB processes and forwards all S| messages betweenthe RN and the MMEs forall UE-dedicated
procedures. The processing of SI-AP messages includes modifying S1-AP UEIDs, Transport Layer address and GTP
TEIDs but leaves other parts of the message unchanged.

Allnon-UE-dedicated S1-AP procedures are terminated at the DeNB, and handled locally between the RN and the
DeNB, and between the DeNB and the MME(s). Uponreceptionofan S1non-UE-dedicated message froman MME,
the DeNB may trigger corresponding S1 non-UE-dedicated procedure(s) to the RN(s). If more than one RN is involved,
the DeNB may wait and aggregate the response messages fromall involved RNs before respondingto the MME. Upon
reception ofan S1non-UE-dedicated message froman RN, the DeNB may triggerassociated S1 non-UE-dedicated
procedure(s) to the MME(s). In case ofthe RESET procedure, the DeNB does not need to wait forthe response
message(s) fromthe MME(s) or RN(s) before responding with the RESET ACKNOW LEDGE messageto the
originating node. Uponreceptionofa PAGING message, the DeNB sends the PAGINGmessage toward the RN(s)
which supportany tracking area(s) indicated in the List of TAIs. Upon receptionofan S1 MMEoverload
START/STOP message, the DeNB sends the MME overload START/STOP message towards the RN(s), including in
the message theidentities ofthe affected CNnode. The RN uses this information received fromthe OVERLOAD
START messageto identify to which traffic the above definedrejections shallbe applied. The RN shallapply the
defined rejections untilreception ofan OVERLOAD STOP messageapplicable to this traffic, oruntilthe RN receives a
further OVERLOAD START messageapplicable to the same traffic, in which case it shallreplace the ongoing overload
action with the newly requested one. Uponreception ofthe GUMMEI froma UE, the RN shallinclude it in the
INITIAL UE MESSAGE message;uponreceptionofthe GUMMEI Type fromthe UE, the RN shallalso include it in
the message.

The X2 controlplane protocol stack for supporting RNs is shown in Figure 4.7.4-2. There is a single X2 interface
relation between each RN and its DeNB. In addition, the DeNB may have X2 interface relations to neighbouring eNBs.
The DeNB processes and forwards all X2 messages between the RN and other eNBs forall UE-dedicated procedures.
The processing of X2-AP messages includes modifying S1/X2-AP UEIDs, Transport Layeraddress and GTP TEIDs

but leaves other parts ofthe message unchanged.
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Allnon-UE-dedicated X2-AP procedures are terminated at the DeNB, and handled locally between the RN and the
DeNB, and betweenthe DeNB and other eNBs. Upon receptionofan X2 non cellrelated non-UE-associated message
from RN orneighbour eNB, the DeNB may trigger associated non-UE-dedicated X2-AP procedure(s) to theneighbour
eNB or RN(s). Upon reception ofan X2 cell related non-UE-dedicated message fromRN or neighbour eNB, the DeNB
may pass associated information to theneighbour eNB or RN(s) based onthe included cell information. Ifone or more
RN(s) are involved, the DeNB may wait and aggregate the response messages fromall involved nodes to respondto the
originating node. Further, parallel Cell Activation procedures are notallowed on each X2 interface instance. The
processing of Resource Status Reporting Initiation/ Resource Status Reporting messages includes modification of
measurement ID.

The S1 and X2 interface signalling packets are mappedto radio bearers over the Un interface.

S S1-AP S1-AP SR
SCTP SCTP ScTP SCTP
P P P IP

PDCP PDCP 1% 1%
RLC RLC
MAC MAC
PHY PHY L1 L1
S1-MME S1-MME
RN DeNB MME

Figure 4.7.4-1: S1 control plane protocol stack for supporting RNs

X2-AP X2-AP X2-AP X2-AP
SCTP SCTP SCTP SCTP
IP IP IP IP
PDCP PDCP L2 L2
RLC RLC
MAC MAC
PHY PHY L1 L1
X2-CP X2-CP
RN DeNB eNB (other)

Figure 4.7.4-2: X2 control plane protocol stack for supporting RNs

4.7.5 Radio protocol aspects

The RN connects to the DeNB via the Un interface using the same radio protocols and procedures as a UEconnecting
to an eNB. The control plane protocol stack is shownin Figure 4.7.5-1 and the user plane protocol stack is shown in

Figure 4.7.5-2.
The following relay-specific functionalities are supported:

- the RRC layerofthe Un interface has functionality to configureand reconfigurean RN subframe configuration
throughthe RN reconfiguration procedure (e.g. DL subframe configuration and an RN-specific control channel)
for transmissions between an RN and a DeNB. The RN may request such a configuration fromthe DeNB during
the RRC connection establishment, and the DeNB may initiate the RRC signalling for such configuration. The
RN applies the configuration immediately upon reception;

NOTE: The RN subframe configurationon the Un interfacecan be temporarily misaligned with the MBSFN
subframes configured in the RN cell due to the RN subframe configuration;i.e. a new subframe

configurationcan be applied earlier by the RN on Un than in the RN cell.

- the RRC layerofthe Un interface has functionality to send updated systeminformation in a dedicated message
to an RN with an RN subframe configuration. The RN applies thereceived systeminformation immediately;
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the PDCP layerofthe Un interface has functionality to provide integrity protection for the userplane. The
integrity protectionis configured per DRB.

To support PWS towards UEs, the RN receives therelevant information over S1. The RN should henceignore DeNB
systeminformation relatingto PWS.

RN DeNB MME
NAS < > NAS
RLC < > RLC
PHY < > PHY
7777777777777777777777777 Un

Figure 4.7.5-1: Radio control plane protocol stack for supporting RNs

RN DeNB
RLC < > RLC
PHY < > PHY
Un

Figure 4.7.5-2: Radio user plane protocol stack for supporting RNs

4.7.6  Signalling procedures

4761 RN attach procedure

Figure 4.7.6.1-1 shows a simplified versionofthe attach procedure for the RN. The procedure is the same as thenormal
UE attach procedure TS 23.401 [17] with the exception that:

The DeNB has beenmade aware of which MMEs support RN functionality via the S1 Setup Response message
earlier received fromthe MMEs;

The RN sends an RN indicationto the DeNB during RRC connection establis hment;

Afterreceiving the RN indication fromthe RN, the DeNB sends the RN indicatorand the IP address ofthe
S-GW/P-GW function embedded in the DeNB, within the Initial UE Message, to an MMEsupporting RN

functionality;
MMEselects S-GW/P-GW forthe RN based on the IP address included in the Initial UE Message;

During the attach procedure, the EPC checks ifthe RN is authorised for relay operation; only ifthe RN is
authorised, the EPCaccepts the attachand setsup a context with the DeNB; otherwisethe EPCrejects the attach.

The RN is preconfigured with information aboutwhich cells (DeNBs) it is allowed to access.
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RN DeNB MME HSS

|«@—1. RRC connection setup—pm|
| «@——————2a. NAS Attach, Authentication, Security, .. ~———————Jp»l<@@-2b. Authentication, Security, ..~
|«@——3. GTP-C Create Session——pp»|

|«@-4a. RRC connection re-config —.-4—4(':\)1531 A(iontext Setu;))_>

Figure 4.7.6.1-1: RN attach procedure

476.2 E-RAB activation/modification

Figure 4.7.6.2-1 shows a simplified version ofthe DeNB-initiated bearer activation/modification procedure. This
procedure can beused by the DeNB to change the EPS bearerallocation forthe RN. The procedure is the same as the
normal network-initiated bearer activation/modification procedure TS 23.401 [17] with the exception thatthe S-

GW/P-GW functionality (steps 1 and 6) is performed by the DeNB.

RN DeNB MME

t+——1. GTP-C Create/Update Bearer Request—Jp»|

g 2. 81-AP Bearer Setup/Modify Request |
(NAS Session Management Message)

| «@————————3. RRC connection re-config ————|
+———4. S1-AP Bearer Setup/Modify Response—Jp»

5b. Direct Transfer >
> (NAS Session Management Message)

5a. Direct Transfer (...)

|«@—6. GTP-C Create/Update Bearer Response——j

Figure 4.7.6.2-1: DeNB-initiated bearer activation/modification procedure

4.76.3 RN startup procedure

Figure 4.7.6.3-1 shows a simplified version ofthe startup procedure forthe RN. The procedure is based on the normal
UE attach procedure TS 23.401 [17] and it consists ofthe following two phases:

L

II.

Phase I: Attach for RN preconfiguration.

The RN attaches to the EEUTRAN/EPCas a UE at power-up andretrieves initial configuration parameters,
including the list of DeNB cells, from RN OAM. A fier this operationis complete, the RN detaches fromthe
network as a UE and triggers Phase II. The MME performs the S-GW and P-GW selection forthe RN as a

normal UE.

Phase II: Attach for RN operation.
The RN connects to a DeNBselected fromthe list acquired during PhaseI to start relay operations. For this
purpose, thenormal RN attach procedure described in section 4.7.6.1is applied. A fterthe DeNB initiates setup
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of bearer for S1/X2, the RN initiates the setupofS1and X2 associations with the DeNB (see section 4.7.4). In
addition, the DeNB may initiate an RN reconfiguration procedure via RRC signalling for RN-specific

parameters.

Afterthe S1setup, the DeNB performs the S1 eNB Configuration Update procedure(s), ifthe configuration data
for the DeNBis updated dueto the RN attach. A fterthe X2 setup, the DeNB performs the X2 eNB
Configuration Update procedure(s) to update thecell information.
In this phasethe RN cells” ECGIs are configuredby RN OAM.

RN eNB MME S/P-GW HSS OAM
RN power-up
[
RN attaches as a
I.1. UE attach regular UE for
initial configuration
- 1.2. OAM provides initial parameters: P
l
1.3. UE detach Phase |
T T T
| | !
DeNB and MME serving the RN
; . MME provides “RN Support
RN provides "RN Indication” to DeNB at S1 Setup
indicator” to DeNB L
during RRC corInection DeNE MME MIVE Neighbor
establishment e RN eNBs
| T T I I
I I I I I
RN attaches as a
I1.1. RN attach relay for setup
and operations
T
g 11.2. OAM completes RN configuratio -
1
" 11.3b. S1 eNB
<¢11.3a. RN-initiated S1 Setup-pwrg— _Configuration Update — P
I
l«11.4a. RN-initiated X2 Setup-Jwt<——I1.4b. X2 eNB Configuration Update——» Phase Il
| |
| |

RN starts to
operate as a relay

4.76.4

Figure 4.7.6.3-1: RN startup procedure

RN detach procedure

Figure 4.7.6.4-1 shows a simplified versionofthe detach procedure forthe RN operationin case no UEis connected to

the RN cells.

1. The detachprocedureis the same as the normal UE detach procedure TS 23.401 [17].

2. The DeNB performs the X2 eNB Configuration Update procedure(s) to update the cell information.

3 The DeNB performs the S1eNB Configuration Update procedure(s), ifthe configuration data forthe DeNB is

updated due to the RN detach.
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RN DeNB Neighbor MME HSS
eNBs
1. Detach procedure
|«@-2. X2-AP eNB Configuration Update-J
l«@— — —3. S1-AP eNB Configuration Update= — — P

Figure 4.7.6.4-1: RN detach procedure

4.7.6.5 Neighbouring Information Transfer

The X2 eNB Configuration Update procedure (see section 20.2.2.8) is used by the DeNB to also transfer application
level configurationdata ofa single neighbouring eNBto the RN. Upon reception ofan ENB CONFIGURA TION
UPDATEmessage, ifthe servedcells contained in the messagebelong to the neighbour eNB rather than the DeNB, the
RN shallregard the X2 interface between DeNB and theneighbour eNB as available. The RN will update the X2

availability, the corresponding GU Group ID and other information ofthe neighbour eNB according to the message.
4.7.6.6 Mobility to or from RN

In case of Handover between RN and neighbour eNB, in addition to the procedures specified in section 10.1.2.1.1, the
following also applies.

- The DeNB may inform the RN of any GUMMEI of the UE's serving MME in the INITTAL CONTEXT SETUP
REQUEST and S1 HANDOVER REQUEST messages. Considering this information as wellas the GU Group
ID of the neighbour eNB and the X2 interface availability between DeNB and neighbour eNB, the RN initiates
either S1 or X2 handover forthe UE. In case the GUMMEI information is not available to the RN, the RN
attempts X2 handover forthe UE (see section 19.2.2.5); upon X2 handover failure, S1 handover may be
initiated.

- The S1/X2 HANDOVER REQUEST is received by the DeNB, which reads the target cell ID from the message,
finds the targetnode corresponding to thetarget cell ID, and forwards the messagetoward thetarget nodeif

appropriate.
4.7.7 Relay Node OAM Aspects
4.7.7.1 Architecture

Each RN sends alarms and traffic counter information toits OAM system, fromwhich it receives commands,
configurationdataand software downloads (e.g. forequipment software upgrades). This transport connection between
each RN and its OAM, usingIP, is provided by the DeNB; the referencearchitecture is shown in Figure 4.7.7.1-1. RN
OAM traffic is transported over the Un interface, and it shares resources with the rest ofthe traffic, including UEs
attached to the DeNB. The secure connection between the RN and its OAM may be direct orhop-by-hop, i.e. involving
intermediate hops trusted by the operator for this purpose.
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Figure 4.7.7.1-1: Relay OAM architecture.

It has to be noted that Figure 4.7.7.1-1 refers to normal operating conditions forthe RN, i.e. after the initial start-up
phase has beencompleted. The case where the secure connection betweenthe RN and the OAM does notgo through the

DeNB, e.g. during the initial start-up phase, is notprecluded.
4.7.7.2 OAM Traffic QoS Requirements

Alarms in the RN generate bursts of high-priority traffic, to be transported in real time. Traffic counters generatebursts
of traffic, but their trans port need not be real-time. Configuration messages fromOAM to the RN will also generate
small bursts oftraffic, possibly with lower priority than alarms but still delay-sensitive: when a configuration is
committed on the OAM, thetime interval between the commitment and the effect onthe equipment shallbe small.

Alarm messages and commands should be transported on a high-priority bearer, while counters may be transported ona
lower priority bearer. There is no need to specify anew QCI value otherthan those already standardized.

Alarmmessages and commands may be mappedovera dedicated bearer or over the same bearer that carries S1 and/or
X2 messages between the RN and the DeNB.

OAM softwaredownload to the RN may generate largeramounts of data, butboth the required data rateand the priority
of'this kind oftraffic are much lowerthan in the case ofalarms, commands and counters. OAM software downloads
may be mapped to a dedicated, non-GBR bearer, or transported together with the user plane traffic. Ifa dedicated bearer
is used, it is FFS whetherit shall be presentat all times, orits setup should be event-triggered (software upgrades are
triggered by the operator).

4.7.7.3 Security Aspects

Refer to sectionD.2.50f TS 33.401 [22] for details on secure management procedures for RN.
4774 Void

4.7.7.5 OAM Requirements for Configuration Parameters

4.7.7.5.1 Parameters Associated with Relay Bearer Mapping

OAM provides the appropriate support to configure a QCI-to-DSCP mapping function at therelay node whichis used
to control the mapping in uplink of Uu bearer(s) of different QCI(s ) to Un bearer(s).

4.8 Support of SIPTO at the Local Network

481 General

E-UTRAN supports SIPTO at the Local Network with a collocated L-GW in the eNB ora standalone GW (with S-GW
and L-GW collocated), as specified in TS 23.401 [17].

4.8.2 SIPTO at the Local Network with collocated L-GW

Figure 4.8.2-1 shows the logical architecture for the eNB when it supports SIPTO@LN with a collocated L-GW.

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 048



Release 15 49 3GPP TS 36.300 V15.0.0 (2017-12)

S1-MME HeNB S1-MME
\ ow |
! \
S1-U S1-U
HeNB |« }
SIPTO Secw sf
LGW ‘
| HeNB |
SGi | Mgmt
1 System EPC
””””””” S1-MME
‘ Ll
\
$1-U
eNB }
SIPTO 85 R
LGW ‘
L
SGi

Figure 4.8.2-1: E-UTRAN - SIPTO@LN with collocated L-GW - Logical Architecture

Fora SIPTO@LN PDN connection, the eNBsets up and maintains an S5 connectionto the EPC.

The mobility of the SIPTO@LN PDN connectionis not supported in this release ofthe specification. The SIPTO@LN
PDN connectionis released aftera handoveris performed, and the collocated L-GW in the source eNB triggers the
release overthe S5 interface, as described in TS 23.401 [17].

In case of SIPTO@LN with collocated L-GW support, theeNB supports the following additional functions:

transferofthe collocated L-GW IP address ofthe eNBover SI-MMEto the EPCat every idle-active transition;

transfer ofthe collocated L-GW IP address ofthe eNBover SI-MMEto the EPCwithin every Uplink NAS
Transport procedure;

support ofbasic P-GW functions in the collocated L-GW such as supportofthe SGi interface corresponding to
SIPTO@LN;

additional support of first packetsending, buffering of subsequent packets, internal direct L-GW-eNBuser path
management and in sequence packet delivery to the UE;

support ofthe necessaryrestricted set of S5 procedures corresponding to the support of SIPTO@LN function as
specified in TS 23.401 [17];

notification to the EPCof'the collocated L-GW uplink TEID(s) or GRE key(s) forthe SIPTO@LN bearer(s)
over S5 interface within the restricted set of procedures to be forwarded over SI-MMEand furtherused by the

eNB as "SIPTO correlation id" for correlation purposes betweenthe collocated L-GW and the eNB;

triggering SIPTO@LN PDN connection releaseby thecollocated L-GW afterahandoveris performed, as
specified in TS 23.401 [17].

In case of SIPTO@LN with collocated L-GW support, the MME supports the following additional functions:

SIPTO@LN activation for the requested APN based on SIPTO permissions in the subscription data and received
collocated L-GW IP address;

transferofthe "SIPTO correlationid" to the eNB via the initial context setup procedure and E-RAB setup
procedure;

release ofthe SIPTO@LN PDN connectionofan idle-mode UEwhen the UEmoves away fromthe coverage
area ofthe eNB, as specified in TS 23.401 [17].
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4.8.3  Supportfor SIPTO@LN with Stand-Alone Gateway

SIPTO@LN is supported using a stand-alone gateway (with co-located S-GW and L-GW) deployedin the local
network. The MMEmay decide to trigger S-GW relocation without UEmobility, as specified in TS 23.401 [17].
Mobility forthe SIPTO@LN PDN connectionis not supported in this release: the SIPTO@LN PDN connectionshall be
released afterhandover, unless the sourceand targeteNBs are in the same LHN (i.e. they havethe same LHN ID), as
specified in TS 23.401 [17].

In case of SIPTO@LN support with stand-alone gateway, the eNB supports the following additional functions:

- signalling ofits LHN ID to the MMEin the INITIAL UE MESSAGE, UPLINK NAS TRANSPORT,
HANDOVER NOTIFY and PATH SWITCH REQUEST messages;

- support for MME-triggered S-GW relocation without UE mobility throughthe EERAB MODIFY REQUEST
message.

In case of SIPTO@LN supportwith stand-alone gateway, the MME supports the following additional functions:
- SIPTO@LN PDN activation forthe requested APN based on subscriptiondataandreceived LHN ID;

- S-GW relocation without UE mobility.

4.9

491

E-UTRAN supports Dual Connectivity (DC) operation whereby a multiple R¥Tx UE in RRC_CONNECTED is
configuredto utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal
backhauloverthe X2 interface (see TR 36.842 [59] and TR 36.932 [60]). The overall EEFUTRAN architectureas
specified in section 4 and depicted in Figure 4-1is applicable for DC as well. eNBs involved in DC fora certain UE
may assume two different roles: an eNB may eitheract as an MeNBoras an SeNB. In DC a UE is connected to one
MeNB and one SeNB.

49.2

In DC, the radio protocolarchitecture thata particular bearer uses depends on how the beareris setup. Threebearer
types exist: MCGbearer, SCG bearerand split bearer. Those three bearer types are depicted on Figure 4.9.2-1 below.
RRC is located in MeNB and SRBs are always configured as MCGbearer type and therefore only use the radio
resources ofthe MeNB.

Support for Dual Connectivity

General

Radio Protocol Architecture

NOTE: DC canalsobe describedas having at least onebearer configured to useradio resources provided by the

SeNB.
MCG Split SCG
Bearer Bearer Bearer
S S
- N
X2
[ Poce ][ Pocp | | EIE
I I
[ ric ][ ric ] [ rc || ric |
| | T T
| MAC | | MAC |
9 MeNB ) L SeNB )

Figure 4.9.2-1: Radio Protocol Architecture for Dual Connectivity

4.9.3
4.9.31

Inter-eNB control plane signalling for DCis performed by means of X2 interface signalling. Control planesignalling
towards the MME s performed by means of S1 interface signalling,

Network Interfaces
E-UTRAN Control Plane for Dual Connectivity
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There is only one SI-MME connection per DC UE between the MeNB and the MME. Each eNB should beable to
handle UEs independently, i.e. provide the PCell to some UEs while providing SCell(s) for SCG to others. Each eNB
involved in DC for a certain UE controls its radio resources and is primarily responsible for allocatingradio resources

of its cells. Respective coordination between MeNB and SeNB is performed by means of X2 interface signalling.

Figure 4.9.3.1-1 shows C-plane connectivity ofeNBs involved in DC for a certain UE: the SI-MME s terminated in
MeNBand the MeNB and the SeNB are interconnected via X2-C.

=
(= ()
m
— X2-C- — — — =~
MeNB SeNB

Figure 4.9.3.1-1: C-Plane connectivity of eNBs involved in Dual Connectivity

49.3.2 E-UTRAN User Plane for Dual Connectivity

Fordual connectivity two different user planearchitectures are allowed: one in which the S1-U only terminates in the
MeNBand the userplane data is transferred fromMeNBto SeNBusing the X2-U, and a second architecture where the
S1-U can terminate in the SeNB. Figure 4.9.3.2-1 shows different U-planeconnectivity options ofeNBs involved in DC
for a certain UE.

Different bearer options can be configured with differentuser plane architectures. U-plane connectivity depends on the
bearer option configured:

- ForMCQG bearers, the S1-U connection for the corresponding bearer(s) to the S-GW is terminated in the MeNB.
The SeNB is not involvedin the transport ofuser plane data for this type ofbearer(s) over the Uu.

- Forsplit bearers, the S1-U connectionto the S-GW is terminated in the MeNB. PDCP data is transferred
between the MeNB and the SeNB via X2-U. The SeNB and MeNB are involved in transmitting dataofthis

bearertype overthe Uu.

- ForSCG bearers, the SeNB s directly connected with the S-GW via S1-U. The MeNB s not involvedin the
transport ofuser plane datafor this type ofbearer(s) over the Uu.

« ()
AN
\
Xx2-U

MeNB SeNB

Figure 4.9.3.2-1: U-Plane connectivity of eNBs involved in Dual Connectivity

NOTE: if only MCGand split bearers are configured, there is no S1-U termination in the SeNB.
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49.3.3 Support of HeNBs for Dual Connectivity
The following scenarios for Dual Connectivity involving HeNBs are supported as listed in Table 4.9.3.3-1.

Table 4.9.3.3-1: Support of HeNBs for Dual Connectivity

MeNB SeNB
eNB open access HeNB
eNB hybrid access HeNB

Membership Verification forthe hybrid access HeNB is performed betweenthe MeNB and the MMEand s based on
membership status information reported by the UEand the CSGID.

Ifthe cell served by the SeNB s a shared hybrid cell, the UE reports the subsetofthe broadcasted PLM N identities
passing PLMNID check and the CSGwhitelist ofthe UE includes an entry comprising ofthe concerned PLMN identity
and the CSGID broadcastby thecellserved by the SeNB. The MeNB performs PLMN ID check forthe PLMNs
reported by the UEand selects oneifmultiple pass the PLMNID check. If the cell served by the SeNB belongs to a
different PLMN than the PLMN serving forthe UEin the MeNB, the information provided to the MME for
membership verification needs to contain the PLMN-ID ofthe hybrid cell served by the SeNB as well. Finally the

MME verifies the CSG membership according to the received CSGID, the selected PLMN ID and stored subscription

CSG information ofthe UE.

In case the UEhas been admitted with SCG resources configured with the split bearer option froma hybrid HeNBand a
SeNB Change is performed within the coverage area ofthe MeNB towards another hybrid HeNB which has the same
CSG ID as the first one, the MeNB may re-use theresult ofthe membership verification performed for the first HeNB.

4934 Support of SIPTO@LN and LIPA for Dual Connectivity

This version ofthe specification supports SIPTO@LN and LIPA for Dual Connectivity according to the following
logical architecture:

- SIPTO@LN with co-located L-GW in the MeNB. The MeNB and the MMEsupport the functions described in
Section. 4.8.2 with the following change:

- ForSCG beareroption,the MeNB sets GTP TEID and Transport Layer Address in S1 UL GTP Tunnel Endpoint
IE in the SENB ADDITION REQUEST messageand SENB MODIFICATION REQUEST messages as the
correlation IDreceived fromthe MMEand the IP address ofthe collocated L-GW respectively.

S1-MME
MeNB < } >
SIPTO |
e sGi |
S5
2
EPC
X2
A s1\-u
SeNB [« i

Figure 4.9.3.4-1: SIPTO@LN with co-located L-GW in MeNB - split and SCG bearer options.

- SIPTO@LN with co-located L-GW in the SeNB. Forthis scenario, only the SCGbearer option is supported for
the SIPTObearer. The SeNB ssignals its L-GW IP address using the SeNB Addition Preparation procedure, or
the MeNB obtains such address via OAM. The MeNB signals the “SIPTO correlation id” to the SeNB using the
SeNB Addition Preparationand SeNB Modification Preparation procedures. The functions described in Section
4.8.2 are supported with the following changes:

- TheMeNBsupports the transfer ofthe L-GW IP address of SeNB over SI-MMEto the EPC within every
Uplink NAS Transport procedure;
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- The SeNB supports basic P-GW functions in the collocated L-GW such as support ofthe SGi interface
corresponding to SIPTO@LN;

- Additional support by the SeNB of first packet sending, buffering of subsequent packets, internal direct L~
GW-eNB userpath management and in sequence packetdelivery to the UE;

- The SeNB supports thenecessaryrestricted set of S5 procedures corresponding to the support of SIPTO@LN
function as specified in TS 23.401 [17];

- The MeNB supports the notification to the EPC ofthe L-GW uplink TEID(s) or GRE key(s) forthe
SIPTO@LN bearer(s) over S5 interface within the restricted setof procedures to be forwarded over SI-MME
and furtherusedas "SIPTO correlationid" for correlation purposes betweenthe L-GW and the SeNB;

- The SeNB supports triggering SIPTO@LN PDN connection releaseby thecollocated L-GW afteran SeNB
change orMeNB to eNB handover is performed.

S1-MME
> } »
MeNB |
|
X s1-U
EPC
X2
\4
s1-U
SeNB |« }
SIPTO | »
LGW ] \
,,,,,,,,,, SGi S5

Figure 4.9.3.4-2: SIPTO@LN with co-located L-GW in SeNB

- SIPTO@LN with stand-alone gateway: the MeNB and the SeNB belong tothe same LHN (i.e. they havethe
same LHN ID). The MeNB and the SeNB exchange their LHN ID using the X2 Setup procedure or via OAM.
The MeNB initiates the SeNB Modification Preparation procedure in order to support the MME-triggered S-GW
relocation without UEmobility. The MeNB and the MME support the functions described in Sec. 4.8.3.

- LIPA: thelogical architectures for LIPA correspondto thelogicalarchitectures for SIPTO@LN with co-located
L-GW in the SeNB.

- Before handover, the MeNB shall initiate the SeNB Modification Preparation procedure orthe UE Context
Release procedure to release radio and control planerelated resources associated to the LIPA bearer.

4.10 NB-loT

NB-IoT provides access to network services using physical layer optimized for very low power consumption (e.g. full
carrier bandwidth is 180kHz, subcarrier spacingcan be 3.75kHz or 15 kHz).

As indicatedin the relevant subclauses in this specification, anumber of E-UTRA protocol functions supported by all
Rel-8 UEs are notused for NB-IoT and neednotbe supported by eNBs and UEs only using NB-IoT.

In this version ofthe specification, a number of functions including inter-RA Tmobility, handover, measurement
reports, public warning functions, GBR, CSG, supportof HeNBs, relaying, carrier aggregation, dual connectivity,
NAICS, real-time services, interferenceavoidance for in-device coexistence, RAN assisted WLAN interworking,
sidelink communication/discovery, V2X sidelink communication, MDT, emergency call, CS fallback, self-
configuration/self-optimisation, ACB, EAB, ACDC and SSA Care not supported for NB-IoT. This is not further stated
in the corresponding procedures.

3 Physical Layer for E-UTRA

Downlink and uplink transmissions are organized into radio frames with 10 ms duration. Three radio frame structures
are supported:
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- Type 1, applicable to FDD;
- Type2,applicable to TDD;
- Type3,applicable to LA A secondary cell operation only.

Frame structure Type 1 is illustrated in Figure 5.1-1. Each 10 ms radio frame is divided into ten equally sized sub-
frames. Each sub-frame consists of two equally sized slots. For FDD, 10 subframes are available for downlink
transmissionand 10 subframes are available foruplink transmissions in each 10 ms interval. Uplink and downlink
transmissions are separated in the frequency domain.

#0 #1 #2 | eecccccaa #18 #19
< slot »
<«—— Sub—frame »
< One radio frame = 10ms >

Figure 5.1-1: Frame structure type 1

Frame structure Type 2 s illustrated in Figure 5.1-2. Each 10 ms radio frame consists oftwo half-frames of' 5 ms each.
Each half-frame consists ofeightslots oflength 0.5 ms and three special fields: DwPTS, GP and UpPTS. The length of
DwPTS and UpPTS is configurable subjectto thetotal lengthof DWPTS, GP and UpPTS being equalto 1ms. Both S5ms
and 10ms switch-point periodicity are supported. Subframe 1 in all configurations and subframe 6 in configuration with
Sms switch-point periodicity consist of DWPTS, GP and UpPTS. Subframe 6 in configuration with 10ms switch-point
periodicity consists of DWPTS only. All other subframes consist oftwo equally sized slots.

ForTDD, GP is reserved for downlink to uplink transition. Other Subframes/Fields are assigned for either downlink or
uplink transmission. Uplink and downlink transmis sions are separated in the time domain.

<«———————— Oneradio frame=10ms———»

<—— One half frame =5 ms—»

< 1ms—»

#0 #2 #3 #4 #s #7 #8 #9

F v F v

DwWPTS GP UpPTS DwWPTS GP UpPTS

Figure 5.1-2: Frame structure type 2 (for 5ms switch-point periodicity)

Table 5.1-1: Uplink-downlink allocations.

Configuration | Switch-point periodicity Subframe number

0(1|2]|3|[4]|5[6]|7]8][9
0 5ms D|S|U|[UJU|[D|S|U|U]|U
1 5ms D[S|U|[U|D[D|S|U|U|D
2 5ms D(S|uUu(D|(D|D|S|U|D|D
3 10 ms D|S|U(U|JU|(D|D|D|D|D
4 10 ms D|S|Ulfu|D|[D|D|[D|D]|D
5 10 ms D|S|U(D|D|(D|D|D|D|D
6 5ms D[S|U|[UJU[D|S|[U|U|D

Frame structure Type 3 is applicable to LA A secondary cell operation with normal cyclic prefix only. Each 10 ms radio
frame is divided into tenequally sized sub-frames. Each sub-frame consists oftwo equally sized slots. The 10
subframes within a radio frame are available fordownlink or uplink transmissions.

Sidelink trans missions are defined for sidelink discovery, sidelink communication and V2X sidelink communication
between UEs. The sidelink transmissions use the same frame structure as the frame structure that is defined foruplink
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and downlink when UEs are in network coverage; however, the sidelink transmission are restricted to a sub-setofthe
uplink resources in time and frequency domain.
ForFDD NB-IoT, the frame structure is described in Sections 5.1.1aand 5.2.1a.
The physical channels of E-UTRA are:
Physical broadcast channel (PBCH)
- Thecoded BCH transport block is mapped to four subframes within a 40 ms interval;
- 40 ms timing is blindly detected, i.e. there is no explicit signalling indicating 40 ms timing;

- Each subframe is assumedto be self-decodable, i.e. the BCH can be decoded froma single reception,
assuming sufficiently good channel conditions.

Physical control format indicator channel (PCFICH)
- Informs the UE and the RN about thenumber of OFDM symbols used for the PDCCHs;
- Transmitted in every downlink or special subframe.

Physical downlink control channel (PDCCH)

- Informs the UE and the RN about theresource allocation of PCH and DL-SCH, and Hybrid ARQ
information related to DL-SCH;

- Carries the uplink scheduling grant;
- Carries the sidelink scheduling grant.
Enhanced physical downlink control channel (EPDCCH)
- Informs the UE about theresource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;
- Carries the uplink scheduling grant;
- Carries the sidelink scheduling grant.
MTC physical downlink control channel (MPDCCH)
- Informs the UE about theresource allocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;
- Carries the uplink scheduling grant;
- Carries the direct indication information.
Physical Hybrid ARQ Indicator Channel (PHICH)
- Carries Hybrid ARQ ACK/NAKSs in response to uplink transmis sions.
Physical downlink shared channel (PDS CH)
- Carries the DL-SCH and PCH.
Physical multicast channel (PMCH)
- Carries the MCH.
Physical uplink control channel (PUCCH)
- Carries Hybrid ARQ ACK/NAKSs in response to downlink transmis sion;
- Carries Scheduling Request (SR);
- Carries CSI reports.

Physical uplink shared channel (PUS CH)
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- Carries the UL-SCH.
Physical random access channel (PRACH)
- Carries the randomaccess preamble.
Relay physical downlink control channel (R-PDCCH)
- Informs the RN aboutthe resourceallocation of DL-SCH, and Hybrid ARQ information related to DL-SCH;
- Carries the uplink scheduling grant.
Physical sidelink broadcast channel (PSBCH)
- Carries systemand synchronization related information, transmitted fromthe UE.
Physical sidelink dis covery channel (PSDCH)
- Carries sidelink discovery message fromthe UE.
Physical sidelink control channel (PSCCH)
- Carries controlfroma UE forsidelink communication and V2X sidelink communication.
Physical sidelink shared channel (PSS CH)
- Carries data froma UE for sidelink communicationand V2X sidelink communication.
Narrowband Physical broadcastchannel (NPBCH)
- Thecoded BCH transport block is mapped to sixty four subframes within a 640 ms interval;
- 640 ms timing is blindly detected, i.e. there is no explicit signalling indicating 640 ms timing.
Narrowband Physical downlink shared channel (NPDS CH)
- Carries the DL-SCH and PCH for NB-IoT UEs.
Narrowband Physical downlink control channel NPDCCH)
- Informs the NB-IoT UE aboutthe resourceallocation of PCH and DL-SCH;
- Carries the uplink scheduling grant forthe NB-loT UE;
- Carries the direct indication information.
Narrowband Physical uplink shared channel (NPUS CH)
- Carries the UL-SCH and Hybrid ARQ ACK/NAKSs in response to downlink transmis sion for the NB-IoT UE.
Narrowband Physical random access channel NPRACH)

- Carries the randomaccess preamble forthe NB-loT UE.
5.1 Downlink Transmission Scheme

511 Basic transmission scheme based on OFDM

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix. The OFDM sub-carrier
spacingis Af=15 kHz. 12 consecutive sub-carriers during one slot correspond to one downlink resource block. In the
frequency domain, thenumber ofresource blocks, Nrg, can range fromNgg-min = 6 t0 Nrp-max = 110 per CC orper Cell
in case of CA or DC.

In addition, there are also two a reduced sub-carrier spacings, Afiow="7.5 kHz and Afiow2= 1.25 kHz for both MBMS-
dedicated celland MBM S/Unicast-mixed cell.
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In the case of 15 kHz sub-carrier spacing thereare two cyclic-prefixlengths, corresponding tosevenand sixOFDM
symbols perslot respectively.

- Normal cyclic prefix: Tcp = 160xTs (OFDM symbol#0), Tcp = 144xTs (OFDM symbol#1 to #6)
- Extended cyclic prefix: Tep.. = 512xTs (OFDM symbol#0to OFDM symbol#5)

where Ts = 1/ (2048 x Af)

In case of 7.5 kHz sub-carrier spacing, there is only a single cyclic prefix length Tcp-1ow = 1024x Ts, corresponding to 3
OFDM symbols perslot.

In case of1.25 kHz sub-carrier spacing, thereis only a single cyclic prefix length Tcp-iow2 =6144x Ts, corresponding to
1 OFDM symbolpersubframe.

In case of FDD, operation with half duplexfrom UE point of view is supported.

5.1.1a Basic transmission scheme based on OFDM for NB-loT

The downlink transmission scheme for NB-IoT is as describedin Section 5.1.1, with the differences thatin the
frequency domain, there is one resource block foran NB-IoT carrier, the OFDM sub-carrier spacing Af=15 kHz
always, and only operation with halfduplexfrom NB-IoT UE point of view is supported. There canbe more than one
NB-IoT carrier configured as described in Section 5.5a.

5.1.2  Physical-layer processing
The downlink physical-layer processing of transport channels consists ofthe following steps:

- CRC insertion: 24 bit CRC for PDSCH and NPDSCH;

- Channelcoding: Turbocodingbased on QPP inner interleaving with trellis termination, or Tail Biting
Convolutional Coding for NPDSCH;

- Physical-layer hybrid-ARQ processing;
- Channelinterleaving;

- Scrambling: transport-channel specific scramblingon DL-SCH, BCH, and PCH. Common MCH scrambling for
all cells involved in a specific MBSFN transmission;

- Modulation: QPSK, 16QAM, 64QAM, and 256QAM;
- Layermapping and pre-coding;
- Mappingto assigned resources and antenna ports.

5.1.3  Physical downlink control channels

The downlink control signalling (PDCCH) is located in the first # OFDM symbols where n <4 and consists of:

- Transport format and resource allocationrelated to DL-SCH and PCH, and hybrid ARQ information related to
DL-SCH;

- Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH,;
- Resource allocation informationrelated to SL-SCH and PSCCH.
Transmission of control signalling fromthese groups is mutually independent.
Multiple physical downlink control channels are supported and a UEmonitors a set of control channels.

Controlchannels are formed by aggregation of control channel elements, each control channel element consistingofa
set ofresource elements. Different code rates for the control channels are realized by aggregating different numbers of

control channel elements.

QPSK modulation is used forall control channels.
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Each separatecontrol channel has its own set of xxRNTIL.

There is an implicit relation between the uplink resources used for dynamically scheduled datatransmission, orthe DL
controlchannelused forassignment, and the downlink ACK/NAK resourceused for feedback.

The physicallayersupports R-PDCCH for the relay.

The enhanced physical downlink control channel (EPDCCH) carries UE-specific signalling. It is located in UE-
specifically configured physical resource blocks and consists of:

- Transport format, resource allocation, and hybrid ARQ information related to DL-SCH;
- Transport format, resource allocation, and hybrid-ARQ information related to UL-SCH;
- Resource allocation informationrelatedto SL-SCH and PSCCH.

Multiple EPDCCHs are supportedanda UE monitors a set of EPDCCHs.

EPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element
consisting ofa set ofresource elements. Different coderates for EPDCCHs are realized by aggregating different
numbers of enhanced control channel elements. An EPDCCH can use eitherlocalized or distributed transmission,
differing in the mapping ofenhanced control channel elements to the resource elements in the PRBs.

EPDCCH supports C-RNTIand SPS C-RNTI and SL-RNTI and SRS-TPC-RNTTL. If configured, EPDCCH is applicable
in the same way as PDCCH unless otherwisespecified.

The MTCphysical downlink control channel (MPDCCH) is used for bandwidth-reduced operation and carries common
and UE-specific signalling.

Multiple MPDCCHs are supported anda UEmonitors aset of MPDCCHs.

MPDCCHs are formed by aggregation of enhanced control channel elements, each enhanced control channel element
consisting ofa set ofresource elements. Different coderates for MPDCCHs are realized by aggregating different
numbers ofenhanced control channel elements. An MPDCCH can use eitherlocalized or distributed transmis sion,

differing in the mapping ofenhanced control channel elements to the resource elements in the PRBs.
MPDCCH supports RA-RNTI, SI-RNTI, P-RNTI, C-RNTI, Temporary C-RNTI, SPS C-RNTI, SC-RNTI and G-RNTL

ForNB-IoT, the narrowband physical downlink control channel NPDCCH) is located in available symbols of
configured subframes. Within a PRB pair, two control channel elements are defined, with each control channel element
composed ofresources within a subframe. NPDCCH supports aggregations of 1 and 2 control channel elements and
repetition. NPDCCH supports C-RNTI, Temporary C-RNTL, P-RNTI, RA-RNTI, SC-RNTI, and G-RNTL

5.1.4  Downlink Reference signal and synchronization signals

The downlink cell-specific reference signals consistofknown reference s ymbols inserted in the first and third last
OFDM symbolofeach slot forantenna port 0 and 1. There is one cell-specific reference signal transmitted per
downlink antennaport. The number of downlink antennaports for the transmission of cell-s pecific referencesignals
equals 1,2, or 4.

Physicallayerprovides 504 unique cell identities using Synchronization signals.

The downlink MBSFN reference signals consist of known reference symbols inserted every other sub-carrier in the 3rd,
7th and 11th OFDM symbolofsub-frame in case of 15kHz sub-carrier spacing and extended cyclic prefix.

In addition to cell-specific reference signals and MBSFN reference signals, the physical layer supports UE-specific
reference signals, positioning reference signals, CSIreference signals, and discovery signals.

A UE may assume presence ofthe discovery signals consisting of cell-specific reference signals, primary and secondary
synchronization signals, and configurable CSI reference signals.

5.1.4a Downlink Reference signal and synchronization signals for NB-loT

The downlink narrowband reference signal consists of known reference symbols inserted in the last two OFDM
symbols ofeachslot for NB-IoT antenna port 0 and 1, except invalid subframes and subframes transmitting NPSS or
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NSSS. There is one narrowband reference signal transmitted per downlink NB-Io T antenna port. The number of
downlink NB-IoT antenna ports equals 1 or2.

In addition tonarrowband reference signals, the physical layer supports Narrowband Positioning Reference Signals
(NPRS).

Physicallayer provides 504 unique cellidentities using the narrowband secondary synchronization signal. It is indicated
whetherornot the UEmay assume the cell ID is identical for NB-IoT and LTE. In case the cell IDs are identical,a UE
may use the downlink cell-specific reference signals for demodulation and/or measurements when the number of NB-

IoT antenna ports is the same as the number of downlink cell-s pecific reference signal antenna ports.

515 Downlink multi-antenna transmission

Multi-antenna transmis sion with up to 8 transmit antennas is supported. The maximum number of codeword is two
irrespectiveto the number ofantennas with fixed mapping between code words to layers.

Spatial division multiplexing (SDM) of multiple modulation symbolstreams to a single UEusing thesame time-
frequency (-code) resource, alsoreferred to as Single-User MIMO (SU-MIMO) is supported. When a MIMO channel is
solely assignedto asingle UE, it is known as SU-MIMO. Spatial division multiplexing of modulation symbol streams
to different UEs using the same time-frequency resource, alsoreferred to as MU-MIMO, is also supported.

In addition, the following techniques are supported:

- Code-book-based pre-coding with a single pre-coding feedback per full systembandwidth when the system
bandwidth (orsubset ofresource blocks)is smallerorequalto12RBand per5 adjacentresource blocks orthe

full systembandwidth (orsubsetofresourceblocks) whenthe systembandwidth is larger than 12RB.
- Non-code-book-based pre-coding with or without pre-coding feedback.
- Rank adaptation with single rank feedback referring to full systembandwidth. Node B can override rank report.

- Non-precoded CSI-RS operationis supported by CLASS A eMIMO-Type with one CSI-RS resource. This
operation comprises schemes where different CSI-RS ports havethe same wide beamwidth and directionand
hence generally cellwide coverage.

- Beamformed CSI-RS operation is supported by CLASS B eMIMO-Type with one ormore CSI-RS resources.
This operation comprises schemes where (at least at a given time/frequency) CSI-RS ports havenarrow beam
widths and hence not cell wide coverage, and (at least fromthe eNB perspective) at least some CSI-RS port-
resource combinations have different beamdirections.

5.1.5a Downlink multi-antenna transmission for NB-loT

Transmit diversity, specifically space frequency block coding (SFBC), is supported iftwo NB-IoT antennaports are
used.

516 MBSFN transmission

MBSFN is supported for the MCH transport channel. Multiplexing oftransport channels using MBSFN and non-
MBSFN transmission is done ona per-sub-frame basis. Additional reference symbols, transmitted using MBSFN are
transmitted within MBSFN subframes.

5.1.7  Physicallayer procedure
51.7.1 Link adaptation

Link adaptation (AMC: adaptive modulation and coding) with various modulation schemes and channel coding rates is
applied to the shared data channel. The same coding and modulation is applied to all groups of resource blocks
belongingto thesame L2 PDU scheduled to oneuser within one TTIand within a single stream.

51.7.2 Power Control

Downlink power control can be used.
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51.7.3 Cell search

Cell search is the procedure by whicha UE acquires time and frequency synchronization with a celland detects the Cell
ID of'that cell. E-UTRA cell search supports a scalable overall transmis sion bandwidth corresponding to 72 sub-carriers

and upwards.

E-UTRA cell search is based on following signals transmitted in the downlink: the primary and secondary
synchronizationsignals.

The primary and secondary synchronization signals are transmitted over the centre 72 sub-carriers in the first and sixth
subframe ofeach frame.

Neighbour-cell search is based on the same downlink signals as initial cell search.

5.1.7.3a Cell search for NB-loT

NB-IoT is based on following signals transmitted in the downlink: the primary and secondary narrowband
synchronizationsignals. Thenarrowband primary synchronization sequence is transmitted over 11 sub-carriers fromthe
first subcarrier to the eleventh subcarrier in the sixth subframe of each frame, and the narrowband secondary
synchronization sequence is transmitted over 12 sub-carriers in the NB-IoT carrier in the tenth subframe ofevery other
frame.

5.1.8  Physical layer measurements definition

The physicallayer measurements to support mobility are classified as:
- within EEFUTRAN (intra-frequency, inter-frequency);
- between E-FUTRAN and GERAN/UTRAN (inter-RAT);
- between E-UTRAN and non-3GPP RAT (Inter 3GPP access systemmobility).
Formeasurements within EEUTRAN two basic UE measurement quantities shall be supported:
- Reference signalreceived power (RSRP);
- Reference signalreceived quality (RSRQ).
In addition, the following UE measurement quantity may be supported:
- Received signal strength indicator (RSSI);
- Reference signal signal to noise and interference ratio (RS-SINR).
RSRP measurementis based onthe followingsignals:
- Cell-specific reference signals; or

- CSI reference signals in configured discovery signals.

519 Coordinated Multi-Point transmission

ForDL CoMP, multiple transmission points are coordinated in their downlink data transmis sion.
The UE may be configuredto measure and report the CSIofa set ofnon-zero power CSI-RS resources.

The UE may also be configured with one or more interference measurements. Each interference measurement is
associated with one CSl-interference measurement (CSI-IM) resource, which is a set of REs on which the UEmeasures
interference.

The UE may also be configured with multiple CSI processes. Each CSIprocess defines the CSI measurement associated
with one non-zero power CSI-RS resource and one CSI-IM resource.
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5.2 Uplink Transmission Scheme

521 Basic transmission scheme

Forboth FDD and TDD, the uplink transmission scheme is based onsingle-carrier FDM A, more specifically DFTS-
OFDM. It also supports multi-cluster assignmentof DFTS-OFDM.

»  Sub- >
H . ' CP
—» DFT ! carrier ! IFFT i . —
. insertion
» Mapping >

Figure 5.2.1-1: Transmitter scheme of SC-FDMA

The uplink sub-carrier spacing Af= 15 kHz. The sub-carriers are grouped into sets of 12 consecutive sub-carriers,
corresponding tothe uplinkresourceblocks. 12 consecutive sub-carriers during one slotcorrespond to one uplink
resource block. In the frequency domain, thenumber ofresource blocks, Ngg, can range fromNrp.min = 6 t0 Nrp-max =
110 percarrier or per CC in case of CA or DC.

There are two cyclic-prefix lengths defined: Normal cyclic prefix and extended cyclic prefixcorresponding to seven and
six SC-FDMA symbolperslot respectively.

- Normal cyclic prefix: Tcp = 160xTs (SC-FDMA symbol#0), Tcp = 144x Ts (SC-FDMA symbol#1 to #6)
- Extended cyclic prefix: Tcp.. = 512xTs (SC-FDMA symbol#0to SC-FDMA symbol #5)

5.2.1a Basic transmission scheme for NB-loT

ForNB-IoT uplink transmission, both single-tone transmission and multi-tone transmission are defined.

Forsingle-tone transmission, there are two numerologies defined: 3.75kHz and 15 kHz subcarrier spacing, based on
single-carrier FDMA as described in Section 5.2.1, with the following differences: In the frequency domain, res ource
blocks are not defined. Ifthe uplink sub-carrier spacing Af= 15 kHz, there are 12 consecutive sub-carriers. Ifthe uplink

sub-carrier spacing Af=3.75 kHz, there are 48 consecutive sub-carriers.

Single-tone transmission with 3.75 kHz subcarrier spacing is organized into slots with 2ms duration, each of which
consists of seven symbols located frombeginning ofthe slot. The slotboundary is aligned with sub-frame boundaries of
frame structure Type 1. One symbolof3.75 kHz subcarrier spacing consists 0f 8448 Ts of symbol with CP length of
256Ts. The remaining time (2304Ts) of the slot is used as a guard period.

Multi-tone transmission is based on single-carrier FDMA as described in Section 5.2.1, with the difference thatresource
blocks are not defined. There are 12 consecutiveuplink sub-carriers with uplink sub-carrier spacing Af=15 kHz. The
sub-carriers can be grouped intosets of3, 6, or 12 consecutive subcarriers.

A resource unit, schedulable for single-tone NPUSCH with UL-SCH transmission, is defined as a single 3.75 kHz sub-
carrier for 32 ms ora single 15 kHz sub-carrier for 8 ms. A resourceunit, schedulable for multi-tone NPUSCH with
UL-SCH transmission is defined as 3 sub-carriers for4 ms; or 6 sub-carriers for2ms; or 12 sub-carriers for Ims. A
resourceunit, schedulable for NPUSCH with ACK/NAK transmission, is definedas a single 3.75 kHz sub-carrier for 8
ms ora single 15 kHz sub-carrier for2 ms.

A UL-SCH transport block can be scheduled over one or more than one resource unit in time.
5.2.2  Physical-layer processing
The uplink physical layer processing of transport channels consists ofthe following steps:

- CRC insertion: 24 bit CRC forPUSCH and NPUSCH;

- Channelcoding: turbo coding based on QPP innerinterleaving with trellis termination;

- Physical-layerhybrid-ARQ processing;
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- Scrambling: UE-specific scrambling;

- Modulation: QPSK, 16QAM, 64QAM and 256 QAM (64 QAM and 256 QAM optional in UE) for PUSCH; n/2-
BPSK and 7/4-QPSK in single-tonetransmission of NPUSCH, and QPSK for multi-tone transmission of

NPUSCH;

- Mappingto assignedresources and antennas ports.

5.2.3  Physical uplink control channel

The PUCCH shallbe mapped to a control channel resourcein the uplink.

Depending on presenceor absence ofuplink timing synchronization, the uplink physical control signalling for
scheduling request can differ.

In the case oftime synchronizationbeing present for the pTAG, the outband control signalling consists of:
- CSI,
- ACK/NAK;
- Scheduling Request (SR).

The CSI informs the scheduler aboutthe currentchannel conditions as seenby the UE. If MIMO transmission is used,
the CSI includes necessary MIM O-related feedback.

The HARQ feedback in response to downlink data transmission consists ofa single ACK/NAK bit per transportblock
in case ofnon-bundling configuration.

PUCCH resources for SR and CSI reporting are assigned and can be revoked through RRC signalling. An SRis not
necessarily assigned to UEs acquiring synchronization through the RACH (i.e. synchronised UEs may or may not have
a dedicated SR channel). PUCCH resources for SR and CSI are lost when the UEis no longer synchronized.

PUCCH is transmitted on PCell, PUCCH SCell (if such is configured in CA)and on PSCell (in DC).

The physical layer supports simultaneous transmis sion of PUCCH and PUSCH.
5.2.3a Uplink control information for NB-loT

The uplink control information consists of:
- ACK/NAK corresponding to NPDSCH;

ACK/NAK corresponding to NPDSCH is trans mitted with single-tone transmission on NPUSCH, with frequency
resourceand time resourceindicated by downlink grant.

5.2.4  Uplink Reference signal

ForPUSCH demodulation, uplink demodulation reference signals are transmitted in the 4-th block ofthe slot in normal
CP. Uplink demodulationreference signals are also transmitted for PUCCH demodulation. The uplink demodulation
reference signals sequencelength equals thesize (number of sub-carriers) ofthe assigned resource.

The uplink reference signals are based on sequences having constantamplitude and zero autocorrelation.
Multiple reference signals canbe created:

- Based on differentbase sequences;

- Different shifts ofthe same sequence;

- Different orthogonal sequences (OCC) on DM RS.

In addition to demodulationreference signals, the physical layer supports sounding reference signals (SRS).
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5.2.4a Uplink Reference signal for NB-loT

Forsingle-tone NPUSCH with UL-SCH demodulation, uplink demodulation reference signals are transmitted in the 4-
th blockofthe slot for 15 kHz subcarrier spacing, and in the 5-th block ofthe slotfor3.75 kHz subcarrier spacing. For
multi-tone NPUSCH with UL-SCH demodulation, uplink demodulationreference signals are transmitted in the 4-th
blockofthe slot. The uplink demodulation reference signals sequence lengthis 16 for single-tone NPUSCH with UL~
SCH transmission, and equals the size (number ofsub-carriers) ofthe assigned res ource for multi-tone transmis sion.

Forsingle-tone NPUSCH with UL-SCH transmission, multiple narrow band reference signals canbe created:
- Based on differentbase sequences;
- A common Gold sequence.
Formulti-tone NPUSCH with UL-SCH transmission, multiple narrow band reference signals are created:
- Based on differentbase sequences;
- Different cyclic shifts ofthe same sequence.

For NPUSCH with ACK/NAK demodulation, uplink demodulationreference signals are transmitted in the 3-rd, 4-th
and 5-th block ofthe slot for 15 kHz subcarrier spacing, and in the 1-st,2-nd and 3-rd block ofthe slot for3.75 kHz
subcarrier spacing. Multiple narrow band reference signals can be created:

- Based on differentbase sequences;
- A common Gold sequence;

- Different orthogonal sequences (OCC).

5.2.5 Random access preamble

The physical layer randomaccess burst consists ofa cyclic prefix, a preamble, and a guard time during which nothing is
transmitted.

The randomaccess preambles are generated from Zado ff-Chu sequences with zero correlation zone, ZC-ZCZ, generated
from one orseveralroot Zadoff-Chu sequences.

5.2.5a Random access preamble for NB-loT

The physicallayerrandomaccess transmission uses a 3.75 kHz sub-carrier spacing and consists ofs ymbol groups with
frequency hopping between symbol groups. Each symbol group has a cyclic prefixand a preamble. Symbol groups hop
by one orsix sub-carriers in frequency, and repetitions of groups of'symbol groups hop by a pseudo-randomnumber of
sub-carriers in frequency. Thereare two possible cyclic prefix lengths forthe randomaccess transmission s ymbol
groups, suitable for different maximum cell sizes.

5.2.6  Uplink multi-antenna transmission

The antenna configuration foruplink supports both SU-MIMO and MU-MIMO.

Closed loop and open loop types ofadaptive antenna selection transmit diversity are supported forboth FDD and TDD
by physicallayer.

The physicallayer supports transmit diversity of some control formats.
5.2.7  Physical channel procedure
5271 Link adaptation

Uplink link adaptation is used in order to guarantee the required minimum transmission performance ofeach UEsuch
as the userdatarate, packet error rate, and latency, while maximizing the systemthroughput.

Three types oflink adaptationare performed according to the channel conditions, the UE capability such as the
maximum transmission power and maximum transmission bandwidth etc., and therequired QoS suchas thedatarate,
latency, and packeterrorrate etc. Three link adaptation methods are as follows.
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- Adaptive transmission bandwidth;
- Transmission power control;

- Adaptive modulationand channelcodingrate.
5.2.7.2 Uplink Power control

Intra-cellpower control: the power spectral density of the uplink transmissions can be influenced by the eNB. For DC,
two types of power control modes are defined, mode 1 and mode 2 as specified in TS 36.213 [6]. A UE capable of DC
supports at least power controlmode 1 and the UEmay additionally supportpower controlmode 2. In both modes, the
UE is configured with a minimum guaranteed power for each CG, as aratio of the configured maximum UE output
power Pcmax (see TS 36.101 [52] ). In power controlmode 1, UE allocates up to the minimumguaranteed power to
each CG and any remaining power is shared across MCGand SCG on a per transmis sion basis according to a priority
orderbasedon UCI type. In power control mode 2, the UE reserves the minimumguaranteed power to each CGand any
remaining power s first made available to the CG where trans mission starts the earliestin time.

5.2.7.3 Uplink timing control

The timing advanceis derived fromthe UL received timing and sent by the eNB to the UEwhich the UE uses to
advance/delay its timings of transmissions to the eNB so as to compensate for propagationdelay and thus time align the
transmissions fromdifferent UEs with the receiver window ofthe eNB.

The timing advance command foreach TAGis on a perneed basis with a granularity in the step size 0£0.52 ps (16xTs).

5.2.8  Coordinated Multi-Point reception
For UL CoMP, multiple reception points are coordinated in theiruplink data reception.

The UE may be configured with UE-specific parameters of PUSCH DMRS sequence and cyclic shift hopping, PUCCH
sequence,and PUCCH region for hybrid-ARQ feedback. These UE-specific parameters can be configured
independently ofthe physical cellidentity ofthe UE’s serving cell.

5.3 Transport Channels

The physical layer offers information transfer services to MA Cand higher layers. The physical layer transportservices
are described by zowand with what characteristics dataare transferred over the radio interface. An adequate termfor
this is "Transport Channel".

NOTE: This should be clearly separated fromthe classification of what is transported, which relates to the
concept oflogical channels at MAC sublayer.

Downlink transport channel types are:

1. Broadcast Channel (BCH) characterised by:
- fixed, pre-defined transport format;
- requirement to be broadcastin the entire coveragearea ofthe cell.

2. Downlink Shared Channel (DL-SCH) characterised by:
- support for HARQ;
- support fordynamic link adaptation by varying the modulation, coding and transmit power;
- possibility to be broadcast in the entire cell;
- possibility to use beamforming;
- support forboth dynamic and semi-static resource allocation;
- support for UEdiscontinuous reception (DRX) to enable UE power saving;

NOTE: the possibility to useslow power control depends on the physical layer.
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3. Paging Channel (PCH) characterisedby:

- support for UEdiscontinuous reception (DRX) to enable UE powersaving (DRX cycle is indicated by the
network to the UE);

- requirement to be broadcastin the entire coveragearea ofthe cell;
- mapped to physical resources which can be used dynamically also for traffic/other control channels.
4. Multicast Channel (MCH) characterised by:
- requirement to be broadcastin the entire coveragearea ofthe cell;
- support for MBSFN combining of MBMS transmis sion on multiple cells;
- support for semi-static resource allocatione.g. with a time frame of a long cyclic prefix.
Uplink transportchannel types are:
1. Uplink Shared Channel (UL-SCH) characterisedby:
- possibility to use beamforming; (likely no impact on specifications)
- support fordynamic link adaptation by varying the transmit power and potentially modulation and coding;
- support for HARQ;
- support forboth dynamic and semi-static resource allocation.
NOTE: the possibility to useuplink synchronisation and timing advance depend onthe physical layer.
2. Random Access Channel(s) (RACH) characterised by:
- limited controlinformation;
- collisionrisk.
NOTE: Thepossibility to useopen loop power control depends on the physical layer solution.
Sidelink transportchannel types are:
1. Sidelink broadcast channel (SL-BCH) characterised by:
- pre-defined transport format.
2. Sidelink discovery channel (SL-DCH) characterised by:
- fixed size, pre-defined format periodic broadcast transmission;
- support forboth UEautonomous resource selection and scheduled resourceallocation by eNB;

- collision riskdue to support of UEautonomous resource selection; no collision when UEs allocated
dedicated resources by theeNB;

- support for HARQ combining, but no support for HARQ feedback.
NOTE: the possibility to useuplink synchronisation and timing advance depends onthe physical layer.
3. Sidelink sharedchannel (SL-S CH) characterised by:

- support forbroadcast transmission;

- support forboth UEautonomous resource selection and scheduled resourceallocation by eNB;

- collision riskdue to support of UEautonomous resource selection; no collision when UE s allocated
dedicatedresources by theeNB;

- support for HARQ combining, but nosupport for HARQ feedback;
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- support fordynamic link adaptationby varying the transmit power, modulationand coding,
NOTE: the possibility to useuplink synchronisation and timing advance depend onthe physical layer.
5.3.1 Mapping between transport channels and physical channels

The figures below depict the mapping between transportand physical channels:

BCH MCH PCH DL-SCH

Downlink
Transport channels

Downlink
Physical channels

PBCH PMCH PDSCH PDCCH

Figure 5.3.1-1: Mapping between downlink transport channels and downlink physical channels

UL-SCH RACH

Uplink
Transport channels

Uplink
Physical channels

PUSCH PRACH PUCCH

Figure 5.3.1-2: Mapping between uplink transport channels and uplink physical channels

SL-DCH  SL-SCH SL-BCH

Sidelink Transport
channels

Sidelink Physical
PSDCH PSSCH  PSBCH PSccH chamnels

Figure 5.3.1-3: Mapping between sidelink transport channels and sidelink physical channels

5.3.1a Mapping between transport channels and narrowband physical
channels

The figures below depict the mappingbetween transportand narrowband physical channels :
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BCH PCH DL-SCH
Downlink
Transport channels

Downlink
Physical channels

NPBCH NPDSCH NPDCCH

Figure 5.3.1a-1: Mapping between downlink transport channels and downlink narrowband physical
channels

Uplink
Transport channels

Uplink
Physical channels

NPUSCH NPRACH

Figure 5.3.1a-2: Mapping between uplink transport channels and uplink narrowband physical
channels

5.4 E-UTRA physical layer model
The E-UTRAN physicallayermodelis capturedin TS 36.302 [9].
5.4.1 Void

54.2 Void
5.5 Carrier Aggregation

In Carrier Aggregation (CA), two ormore Component Carriers (CCs) are aggregated in order to support wider
transmis sion bandwidths up to 640MHz. A UE may simultaneously receive or transmit on one or multiple CCs
dependingon its capabilities:

- A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs
corresponding tomultiple servingcells sharing the same timing advance (multiple serving cells grouped in one
TAQG);

- A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple
CCs corresponding to multiple serving cells with differenttiming advances (multiple serving cells groupedin
multiple TAGs). EEUTRAN ensures thateach TA Gceontains at least oneserving cell;

- A non-CA capable UEcan receive on a single CC and transmit on a single CCcorrespondingto oneservingcell
only (one serving cellin one TAG).

CA is supported for both contiguous and non-contiguous CCs with each CClimited to a maximum of 110 Resource
Blocks in the frequency domain using the Rel-8/9 numerology.

CA is supported both between same and different duplex CCs.
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It is possible to configure a UE to aggregatea different number of CCs originating fromthe same eNB and ofpossibly
different bandwidths in the UL and the DL:

- ThenumberofDL CCs that can be configured depends on the DL aggregation capability ofthe UE;

- ThenumberofUL CCs that can be configured depends on the ULaggregation capability ofthe UE;

- Itis notpossible to configure a UE with more UL CCs than DL CCs;

- In typical TDD deployments, the number of CCs and the bandwidth ofeach CCin UL and DL is the same.
- ThenumberofTAGs that canbe configured depends onthe TAGcapability ofthe UE.

CCs originating fromthe same eNBneed notto providethe same coverage.

CCs shallbe LTE Rel-8/9 compatible. Nevertheless, existing mechanisms (e.g. barring) may be used toavoid Rel-8/9
UEs to camp on a CC.

The spacing between centre frequencies of contiguously aggregated CCs shallbe a multiple of 300 kHz. This is in order
to be compatible with the 100kHz frequencyraster of Rel-8/9 and at the same time preserve orthogonality ofthe
subcarriers with 15kHz spacing. Depending on theaggregationscenario, the n x 300 kHz spacing can be facilitated by
insertion ofa low numberofunused subcarriers between contiguous CCs.

ForTDD CA, the downlink/uplink configuration is identical across component carriers in the same band and may be the
same or different across component carriers in different bands.

5.5a  Multi-carrier operation for NB-loT

ForNB-IoT, multi-carrier operationis supported.

The UE in RRC_CONNECTED can be configured, via UE-specific RRC signaling, to a non-anchor carrier, for all
unicast transmissions. The UEin RRC IDLE, based onbroadcast/multicast signaling, can use a non-anchor carrier for
SC-PTM reception. The UEin RRC_IDLE can,based on broadcast signaling, use a non-anchor carrier for paging
reception. The UEin RRC IDLE orRRC CONNECTED, basedon broadcast signaling, canuse a non-anchor carrier
for randomaccess. Ifthe non-anchor carrier is not configured for the UE, all transmissions occur on the anchor carrier.

The valid anchor and non-anchor carrier combinations are provided in Table 5.5a-1.

Table 5.5a-1: Anchor and non-anchor carrier deployment combinations

Anchor Carrier

In-band Guard-band Standalone
S In-band | Valid (Note 1) Valid (Note 1) Invalid
£
]
o
E Guard-band | Valid (Note 1) Valid (Note 1) Invalid
g
T
§ Standalone Invalid Invalid Valid (Note 2)

NOTE 1: Both carriers associated with thesame LTEcell.

NOTE2: Totalfrequency span tonot exceed 20MHzand both anchor and non-anchor carriers synchronised.

5.5.1 SRS switching between component carriers

A UE supporting CA canbe capable ofaggregating more downlink CCs than uplink CCs, and hence a TDD CC may
operate in downlink without PUCCH/PUSCH. A UE may be configured with SRS switchingbetween CCs so that SRS
can be transmitted ona TDD CC configured without PUCCH/PUSCH. When such SRS needs to be transmittedon a
TDD CC without PUCCH/PUSCH, the UE may transmit SRS on the TDD CC or skip the SRS transmissionon the
TDD CC depending onthe priority order for the operation of SRS switching between CCs.
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5.6 Sidelink

Sidelink comprises sidelink discovery, sidelink communication and V2X sidelink communication between UEs.
Sidelink uses uplink resources and physical channel structure similar to uplink transmis sions. However, some changes,
noted below, are made to the physical channels.

5.6.1 Basic transmission scheme

Sidelink transmission uses the same basic transmission scheme as the UL transmission scheme. However, sidelink is
limited to single cluster transmissions for allthe sidelink physical channels. Further, sidelink uses a 1 symbolgap at the
end ofeach sidelink sub-frame. For V2X sidelink communication, PSCCH and PSSCH are transmitted in the same

subframe.

5.6.2  Physical-layer processing

The sidelink physical layer processing of transport channels differs from UL transmissionin the following steps:
- Scrambling: for PSDCH and PSCCH, the scrambling is not UE-specific;

- Modulation: 64 QAM and 256 QAM is not supported for sidelink.
5.6.3  Physical Sidelink control channel

PSCCH is mapped to the sidelink controlresources.

PSCCH indicates resource and other transmis sion parameters used by a UE for PSSCH.

5.6.4  Sidelinkreference signals

ForPSDCH, PSCCH and PSSCH demodulation, reference signals similar to uplink demodulation reference signals are
transmitted in the 4-th symbol ofthe slot in normal CP and in the 3rd symbolofthe slot in extended cyclic prefix. The
sidelink demodulation reference signals sequence length equals the size (number of sub-carriers) ofthe assigned
resource. For V2X sidelink communication, reference signals are transmitted in 3rd and 6th symbols ofthe first slot and
2nd and 5th symbols ofthe second slot in normal CP.

ForPSDCH and PSCCH, reference signals are created based ona fixed base sequence, cyclic shift and orthogonal
covercode. For V2X sidelink communication, cyclic shift for PSCCH is randomly selected in each transmission.

5.6.5  Physical channel procedure

5.6.5.1 Sidelink power control

Forin-coverage operation, thepower spectral density of the sidelink transmissions can be influenced by the eNB.

5.6.6  Physical layer measurements definition

Formeasurement on thesidelink, the following basic UE measurement quantities are supported:
- Sidelink reference signalreceived power (S-RSRP).
- Sidelink discovery reference signal received power (SD-RSRP).
- PSSCH reference signal received power (PSSCH-RSRP).

- Sidelink reference signal strength indicator (S-RSSI).

5.7 Licensed-Assisted Access

Carrier aggregation with at leastone SCell operating in the unlicensed spectrumis referred to as Licensed-Assisted
Access (LAA).In LAA, the configured set of serving cells fora UE therefore always includes at least one SCell
operating in the unlicensed spectrumaccording to Frame structure Type 3, also called LA A SCell. Unless otherwise
specified, LAA SCells act as regular SCells.
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If the absence of IEEE802.11n/11ac devices sharing the carrier cannot be guaranteed on a long termbasis (e.g., by level
of regulation), and forthis release if the maximum numberofunlicensed channels that EFUTRAN can simultaneously
transmit on is equalto orless than 4, the maximum frequency separation between any two carrier center frequencies on
which LA A SCell transmissions are performed should be less than orequalto 62MHz. The UE is required to support
frequency separation in accordance with TS 36.133 [21].

LAA eNB and UE apply Listen-Before-Talk (LBT) before performing a transmission on LA A SCell. When LBT is
applied, the transmitter listens to/senses the channel to determine whether the channelis free orbusy. Ifthe channelis
determined to be free, the transmitter may performthe transmis sion; otherwise, it does not performthe transmission. If
an LA A eNB uses channelaccess signals of other technologies for the purpose of LA A channelaccess, it shall continue
to meet the LA A maximum energy detection threshold requirement.

The combined time of transmis sions compliant with the channel access procedure described in section 15.1.2 of [6] by
an eNB shouldnot exceed 50 ms in any contiguous 1 second periodonanLAA SCell.

Which LBT type (i.e. type 1 or type 2uplink channel access) the UEapplies is signalled via uplink grant foruplink
PUSCH transmission on LA A SCells.

Foruplink LA A operation, theeNB shallnot schedule the UEmore subframes thanthe minimum necessary to transmit
all the traffic correspondingto the selected Channel Access Priority Class orlower (i.e, with a lower number in the
Table 5.7.1-1), than the:

- Channel Access Priority Class signaled in UL grant based onthe latest BSR and received uplink traffic from the
UE if type 1 uplink channelaccess procedure (see section 15.2.1.1 0f [6]) is signalled to the UE;

- Channel Access Priority Class used by the eNB based onthe downlink traffic, the latest BSR and received UL
traffic fromthe UE if type 2 uplink channelaccess procedure (seesection 15.2.1.2 of[6]) is signalled to the UE.

5.7.1 Channel Access Priority Classes

Four Channel Access Priority Classes are defined in [6] which can be used when performing uplink and downlink
transmissions in LA A carriers. Table 5.7.1-1 shows which Channel A ccess Priority Class should be used by traffic
belongingto thedifferent standardized QClIs. A non-standardized QCI (i.e. Operator specific QCI) should use suitable
Channel A ccess Priority Class based on thebelow table, i.e. the Channel Access Priority Class used foranon-
standardized QCI should be the Channel A ccess Priority Class ofthestandardized QClIs which bestmatches the traffic
class ofthe non-standardized QCI.

Foruplink, the eNBselects the Channel A ccess Priority Class by taking intoaccountthe lowest priority QClin a
Logical Channel Group.

Table 5.7.1-1: Mapping between Channel Access Priority Classes and QCI

Channel Access Priority Class ( p) QCl
1 1, 3, 5, 65, 66, 69, 70
2 2,7
3 4,6,8,9
4 N

5.7.2  Multiplexing of data

Four Channel Access Priority Classes are defined in [6]. If a DL transmission burst with PDSCH is transmitted, for
which channelaccess has been obtainedusing Channel A ccess Priority Class P (1...4), EUTRAN shallensurethe
following where a DL transmission burstrefers to the continuous transmission by EFUTRAN after a successful LBT:

- the transmission duration ofthe DL trans mission burst shallnot exceed the minimumduration needed to transmit
all available buffered traffic corresponding to Channel A ccess Priority Class(es)<P;

- thetransmission duration ofthe DL transmission burst shallnot exceed the Maximum Channel Occupancy Time
(T, as defined in Table 15.1.1-1 of[6]) for Channel Access Priority Class P;

cot,p

- additionaltraffic corresponding to Channel A ccess Priority Class(s)>P may only be included in the DL
transmission burstonce no more data corresponding to Channel A ccess Priority Class <P is available for transmission.
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In such cases, EEFUTRAN should maximise occupancy ofthe remaining transmissionresources in the DL transmission
burst with this additional traffic.

Foruplink PUSCH transmission, there is no additional restriction at the UE (other than the multiplexing rules defined n
section 5.4.3 0f[13]) on the type ofthe traffic thatcan be carried in the scheduled subframes.

6 Layer 2

Layer?2 is split into the following sublayers: Medium A ccess Control (MAC), Radio Link Control (RLC) and Packet
Data Convergence Protocol (PDCP).

This subclause gives a high level description ofthe Layer 2 sub-layers in terms of services and functions. The three
figures below depictthe PDCP/RLC/MAC architecture for downlink, uplink and Sidelink, where:

- Service Access Points (SAP) for peer-to-peer communication are marked with circles at the interface between
sublayers. The SAP between thephysical layer and the MAC sublayer provides the transport channels. The

SAPs between the MAC sublayer andthe RLCsublayer provide thelogical channels.

- Themultiplexing ofseverallogical channels (i.e. radio bearers) on thesame transport channel (i.e. trans port
block)is performed by the MAC sublayer;

- In bothuplink and downlink, when neither CA nor DCare configured, only one transport block is generated per
TTI in the absenceofspatial multiplexing;

- In Sidelink, only one transport blockis generated per TTL

T T T T T T T T
Segm. Segm. Segm. Segm. ‘ Segm. ‘ ‘ Segm. ‘ ‘ Segm. ‘ ‘ Segm. ‘
RLC - ARQetc | | ARQetc ARQetc | | ARQetc

CCCH BCCH PCCH
% Logical Ch i % %} + + MCCH MTCH SC-MCCH SC-MTCH
—————— ogica annels ------C >---m-mmmmmmmmmm R = - T \[/ T \|>mm

Unicast Scheduling / Priority Handling ‘ ‘ MBMS Scheduling ‘ ‘ MBMS Scheduling ‘

MAC <,

Transport Channels T ,,,,,,

7T

DL-SCH DL-SCH

DL-SCH BCH PCH

Figure 6-1: Layer 2 Structure for DL
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i 4

\ ROHC \ \ ROHC \

Radio Bearers

PDCP =,
‘ Security ‘ ‘ Security ‘

T T

| Segm. Segm.
RLC < ARQetc | " | ARQ etc

CCCH
+ + + Logical Channels

Scheduling / Priority Handling

Multiplexing

T Transport Channels

MAC <

UL-SCH

Figure 6-2: Layer 2 Structure for UL

NOTE 1: The eNB may not be able to guarantee that a L2 buffer overflow will neveroccur. If such overflow
occurs, UEmay discard packets in the L2 buffer.

NOTE2: Fora NB-IoT UE that only supports Control Plane CloT EPS optimizations, as defined in TS 24.301 [20],
PDCP is bypassed. Fora NB-IoT UE that supports Control Plane CloT EPS optimization and S1-U data
transfer or User Plane CloT EPS optimization, as defined in TS 24.301 [20], PDCP is also bypassed (i.e.
notused)until AS security is activated.

——— J) ,,,,,, J} ,,,,,,,,,,, é} 777777 J) 777777777777777777777777777777777777 Radio Bearers

ROHC ‘ ROHC ‘ ‘ ROHC ‘ ‘ ROHC ‘
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i e e e e
|
RLC ‘ Segm. ‘ ‘ Segm. ‘ ‘ Re Assem. ‘ ‘ Re Assem. ‘ SBCCH SBCCH

e o S T o

( | \ ‘
“ “ Demultiplexing
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Packet
filtering
HARQ ‘ HARQ ‘
HARQ
MAC T
(@ Y @ S @ Y @ S S ———~ Transport Channels
SL-SCH(TX) SL-SCH(RX) SL-BCH(TX)  SL-BCH(RX) SL-DCH(TX) SL-DCH(RX)

Figure 6-3: Layer 2 Structure for Sidelink
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6.1 MAC Sublayer

This subclause provides an overview onservices and functions provided by the MAC sublayer.
6.1.1  Services and Functions

The main services and functions ofthe MACsublayer include:
- Mappingbetween logical channels and transport channels;

- Multiplexing/demultiplexing of MA C SDUs belonging to one or different logical channels into/fromtransport
blocks (TB)delivered to/fromthe physical layer on transport channels;

- Scheduling information reporting;
- Error correction through HARQ);
- Priority handling betweenlogical channels of one UE;
- Priority handling between UEs by means of dynamic scheduling;
- MBMSservice identification;
- Transport format selection;
- Padding.
The sidelink specific services and functions ofthe MA Csublayerinclude:
- Radioresourceselection;

- Packet filtering for sidelink communicationand V2X sidelik communication.
6.1.2 Logical Channels

Different kinds of data transferservices as offeredby MAC. Each logical channel typeis defined by whattype of
information is trans ferred.

A general classification oflogical channels is into two groups:
- Control Channels (for the transfer of control plane information);
- Traffic Channels (forthe transfer ofuser plane information).

There is one MA Centity per CG. MAC generally consists of several function blocks (transmission scheduling
functions, per UE functions, MBMS functions, MAC control functions, transportblock generation...). Transparent
Mode is only applied to BCCH, BR-BCCH, PCCH and SBCCH.

NOTE: Fora NB-IoT UE that only uses Control Plane CloT EPS optimizations, as defined in TS 24.301 [20],
there is only one dedicated logical channel per UE.

6.1.2.1 Control Channels
Controlchannels are used for transfer of control plane information only. The control channels offered by MACare:
- Broadcast Control Channel (BCCH)
A downlink channel for broadcasting systemcontrol information.
- Bandwidth Reduced Broadcast Control Channel (BR-BCCH)
A downlink channel for broadcasting systemcontrol information.
- Paging Control Channel (PCCH)

A downlink channel thattransfers paging information and systeminformation changenotifications. This channel
is used for paging when the network does notknow thelocation cell ofthe UE.
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Common Control Channel (CCCH)

Channel for trans mitting control information between UEs and network. This channelis used for UEs having no
RRC connection with the network.

Multicast Control Channel (MCCH)

A point-to-multipointdownlink channelused for transmitting MBMS control information fromthe network to
the UE, for one orseveral MTCHs. This channelis only used by UEs that receive or are interested toreceive
MBMS.

Single-Cell Multicast Control Channel (SC-MCCH)

A point-to-multipointdownlink channel us ed for transmis mitting MBMS control information fromthe network
to the UE, for one orseveral SC-MTCHs. This channelis only used by UEs thatreceiveorare interested to
receive MBMS using SC-PTM.

Dedicated Control Channel (DCCH)

A point-to-point bi-directional channel that transmits dedicated control information betweena UE and the
network. Used by UEs havingan RRC connection.

Sidelink Broadcast Control Channel (SBCCH)

A sidelink channel for broadcasting sidelink systeminformation fromone UE to other UE(s).

6.1.2.2 Traffic Channels

Traffic channels are used for the transfer ofuser plane information only. Thetraffic channels offeredby MAC are:

Dedicated Traffic Channel (DTCH)

A Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transferofuser
information. A DTCH can exist in both uplink and downlink. DTCH is not supported fora NB-IoT UE that only
uses Control Plane CloT EPS optimizations, as defined in TS 24.301 [20].

Multicast Traffic Channel (MTCH)

A point-to-multipointdownlink channel for transmitting traffic data fromthe network to the UE. This channel is
only used by UEs that receive MBMS.

Single-Cell Multicast Traffic Channel (SC-MTCH)

A point-to-multipointdownlink channel for transmitting traffic data fromthe network to the UEusing SC-PTM
transmission. This channel is only used by UEs that receive MBM S using SC-PTM.

Sidelink Traffic Channel (STCH)

A Sidelink Traffic Channel (STCH) s a point-to-multipoint channel, for trans fer ofuser information fromone
UE to other UE(s). This channelis used only by sidelink communication capable UEs and V2X sidelink
communication capable UEs. Point-to-pointcommunication between two sidelink communication capable UEs
is also realized with an STCH.

6.1.3  Mapping between logical channels and transport channels

6.1.3.1 Mapping in Uplink

The figure below depicts the mapping between uplink logical channels and uplink transport channels:
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CCCH DCCH DTCH .
Uplink

Logical channels

Uplink
Transport channels

RACH UL-SCH

Figure 6.1.3.1-1: Mapping between uplink logical channels and uplink transport channels
In Uplink, the following connections between logical channels and transport channels exist:
- CCCH can be mapped to UL-SCH;
- DCCH can be mapped to UL- SCH;
- DTCH can be mapped to UL-SCH.
6.1.3.2 Mapping in Downlink

The figure below depicts the mapping between downlink logical channels and downlink transport channels:

BR- sC- sc-
PCCH BCCH BCCH CCCH DCCH DTCH MTCH MCCH MCCH MTCH )
- - — - Downlink
Logical channels
-OoO-Oo-———— "< >-————"—"————— _ Downlink
Transport channels
PCH  BCH DL-SCH MCH

Figure 6.1.3.2-1: Mapping between downlink logical channels and downlink transport channels

In Downlink, the following connections between logical channels and transport channels exist:
- BCCH can be mapped to BCH;
- BCCH can be mapped to DL-SCH;
- BR-BCCH can be mapped to DL-SCH;
- PCCH can be mapped to PCH;
- CCCH can be mapped to DL-SCH;
- DCCH can be mapped to DL-SCH;
- DTCH can be mapped to DL-SCH;
- MTCH can be mapped to MCH;
- MCCH can be mapped to MCH;

- SC-MTCH can be mapped to DL-SCH;

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 075



Release 15 76 3GPP TS 36.300 V15.0.0 (2017-12)

- SC-MCCH can be mapped to DL-SCH.
6.1.3.3 Mapping in Sidelink

SBCCH STCH o
Sidelink

Logical channels

Sidelink

Transport channels
SL-BCH SL-DCH  SL-SCH

Figure 6.1.3.3-1: Mapping between Sidelink logical channels and Sidelink transport channels

In Sidelink, the following connections between logical channels and transport channels exist:
- STCH can be mapped to SL-SCH;
- SBCCH can be mapped to SL-BCH.

6.2 RLC Sublayer

This subclause provides an overview onservices, functions and PDU structure provided by the RLC sublayer. Note
that:

- Thereliability of RLC is configurable: some radio bearers may toleraterare losses (e.g. TCP traffic);

- Radio Bearers are not characterized by a fixed sized data unit (e.g. a fixed sized RLC PDU).

6.2.1 Services and Functions

The main services and functions ofthe RLC sublayerinclude:
- Transferofupperlayer PDUs;
- Error Correction through ARQ (only for AM data transfer);
- Concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);
- Re-segmentation of RLC data PDUs (only for AM data transfer);
- Reordering of RLC data PDUs (only for UM and AM data transfer);
- Duplicate detection (only for UM and AM data transfer);
- Protocolerrordetection (only for AM datatransfer);
- RLC SDU discard (only forUM and AM data transfer);
- RLC re-establishment, as definedin TS 24.301 [20];
ForNB-IoT, RLC UM is only supported for SC-PTM.

6.2.2 PDU Structure

Figure 6.2.2-1 below depicts the RLCPDU structure where:

- The PDU sequence number carried by the RLCheaderis independentofthe SDU sequencenumber (i.e. PDCP
sequence number);

- Areddotted line indicates the occurrence of segmentation;
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6.3

Because segmentation only occurs when needed and concatenation is done in sequence, thecontentofan RLC
PDU can generally be described by the following relations:

- {0; 1} last segmentof SDU;+ [0; n] complete SDUs + {0; 1} first segment 0of SDUi+n+1 ; OF

- 1segmentofSDU;.

RLC SDU n n+1 n+2 n+3

RLC header

<¢“—————RLCPDU—————>

Figure 6.2.2-1: RLC PDU Structure

PDCP Sublayer

This subclause provides an overview onservices, functions and PDU structure provided by the PDCP sublayer.

6.3.1 Services and Functions

Except for NB-IoT, the main services and functions ofthe PDCP sublayer for the user plane include:

Header compression and decompression: ROHC only;
Transferofuserdata;

In-sequence delivery ofupperlayer PDUs at PDCP re-establishment procedure for RLC AM;

Forsplit bearers in DC (only support for RLC AM)and LW A bearers (only supportfor RLC AM and RLC
UM): PDCP PDU routing for transmission and PDCP PDU reordering forreception;

Duplicate detection oflower layer SDUs at PDCP re-establishment procedure for RLC AM;

Retransmission of PDCP SDUs at handover and, for split bearers in DCand LW A, of PDCP PDUs at PDCP
data-recovery procedure, for RLC AM;

Ciphering and deciphering;
Timer-based SDU discard in uplink.

ForNB-IoT UE when AS security is activated, themain services and functions ofthe PDCP sublayer forthe userplane
include:

Header compression and decompression: ROHC only;

Transferofuserdata;

In-sequence delivery ofupper layer PDUs at PDCP re-establishment procedure for RLC AM;
Duplicate detection oflower layer SDUs at PDCP re-establishment procedure for RLC AM;
Ciphering and deciphering;

Timer-based SDU discard in uplink.

NOTE 1: When comparedto UTRAN, the lossless DL RLC PDU size changeis not required.

The main services and functions ofthe PDCP forthe control plane include:
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- Ciphering and Integrity Protection;
- Transferofcontrol plane data.

NOTE2: Fora NB-loT UE that only supports Control Plane CloT EPS optimization, as defined in TS 24.301 [20],
PDCP is bypassed. ForaNB-IoT UE that supports Control Plane CloT EPS optimization and S1-U data
transfer or User Plane CloT EPS optimization, as defined in TS 24.301 [20], PDCP is notuseduntil AS
security is activated.

6.3.2 PDU Structure

Figure 6.3.2-1 below depicts the PDCP PDU structure foruser plane data, where:
- PDCP PDU and PDCP headerare octet-aligned;

- PDCP headercanbeeither 1,2 or5 byteslong.

PDCP header PDCP SDU

<« PDCP PDU >

Figure 6.3.2-1: PDCP PDU Structure

The structures for control PDCP PDUSs and for control plane PDCP data PDUs are specified in [15].

6.4 Carrier Aggregation

In case of CA, the multi-carrier nature ofthe physical layeris only exposed to theMAC layer for which one HARQ
entity is required perserving cell;

- In bothuplinkand downlink, there is oneindependent hybrid-ARQ entity per serving celland one transport
blockis generated per TTI perserving cellin the absence of spatial multiplexing. Each transport block and its
potential HARQ retransmis sions are mappedto a single serving cell;

- HARQ operation is asynchronous for Licensed-Assisted Access (LAA) SCells.
L

— i T S S R

i Segm. Segm. Segm. Segm. ‘ Segm. ‘ ‘ Segm. ‘ ‘ Segm. ‘ ‘ Segm. ‘
RLC «::‘ ARQetc | | ARQetc ARQetc | | ARQetc
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,,,,,,,,,,,,, <]|><j|>+ H TMCCH TMTCH TSC—MCCH f;gzk{TCH

MBMS Scheduling ‘ ‘ MBMS Scheduling ‘

MAC <,

T

DL-SCH DL-SCH DL-SCH DL-SCH BCH  PCH MCH DL-SCH DL-SCH
on CC; on CC, on CC, on CC,

Figure 6.4-1: Layer 2 Structure for DL with CA configured
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Figure 6.4-2: Layer 2 Structure for UL with CA configured

6.5 Dual Connectivity

In case of DC, the UE is configured with two MA Centities: one MAC entity for MeNB and one M AC entity for SeNB.
Figure 6.5-1 below describes the layer 2 structure for the downlink when both CA and DC are configured. In orderto
simplify the figure, the BCH, PCH, MCH and corresponding logical channels are not included. Also, only UE, is shown
as having DC configured.
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PDCP ‘ Security “ Security ‘ ‘ Security “ Security ‘

Split

T T T T T T T

i Segm. Segm. Segm. Segm. Segm. Segm. Segm. Segm.
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Multiplexing UE, Multiplexing UE,, Multiplexing UE,,

Multiplexing UE.

HARQ| .. |HARQ HARQ| .. |HARQ HARQ| .. |HARQ
---- Transport Channels ---~

T T T T

| | | | | | | |
DL-SCH DL-SCH DL-SCH DL-SCH DL-SCH DL-SCH DL-SCH DL-SCH
on CC; on CC; on CCy on CC, on CC,, on CC, on CC, on CC,

MAC

Figure 6.5-1: Layer 2 Structure for DL with CA and DC configured
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Figure 6.5-2 below describes the layer 2 structure for the uplink whenboth CA and DCare configured. As explained in
section 4.9.2, SRBs are always handled by theMeNBand asaresult, CCCH is only shown forthe MeNB. Fora split
bearer, UE is configured over which link (or both) the UE transmits ULPDCP PDUs by the MeNB. On the link which
is not responsible for UL PDCP PDUs transmission, the RLC layer only transmits corresponding ARQ feedback forthe

downlink data.
MCG | | SCG | |
I
\-lr T \:/ \:/ Radio Bearers
| ROHC | | ROHC | | ROHC | | ROHC |
PDCP « ‘ Security ‘ ‘ Security ‘ ‘ Security ‘ ‘ Security ‘ ‘ Security ‘
T T T T T T
i Segm. Segm. Segm. Segm. Segm. Segm.
RLC =< ARQetc | | ARQetc | | ARQetc ARQetc | ™ ARQetc | | ARQetc
| CCCH
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Scheduling / Priority Handling ‘ ‘ Scheduling / Priority Handling ‘
| | | | | |
) Multiplexing Multiplexing
MAC <
HARQ HARQ HARQ HARQ
T T T T Transport Channels

UL-SCH UL-SCH UL-SCH UL-SCH
on CC; on CC; on CC; on CC,

Figure 6.5-2: Layer 2 Structure for UL with CA and DC configured

7

RRC

This subclause provides an overview onservices and functions provided by the RRCsublayer.

7.1

Services and Functions

The main services and functions ofthe RRC sublayerinclude:

BroadcastofSystemInformationrelated tothe non-access stratum(NAS);
BroadcastofSystemInformationrelated to the access stratum(AS);

Paging;

Establishment, maintenanceand release ofan RRC connectionbetween the UEand EFUTRAN including:
- Allocation oftemporary identifiers between UEand E-UTRAN;

- Configurationofsignalling radio bearer(s) for RRC connection:

Low priority SRB and high priority SRB;

ForNB-IoT, a new UE dedicated SRBis supported before AS security is activated and only one UEdedicated
SRB is supported after AS security is activated;

Fora NB-IoT UE that supports S1-U data transfer or User Plane CloT EPS optimization, as defined in TS
24.301 [20]:
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7.2

- OneDRB is supported by default and up to two DRBs are supported optionally;

Fora UE that supports User Plane CloT EPS optimization [20]:

- Suspension/resuming ofthe RRC connection;

Security functions including key management;

Establishment, configuration, maintenance and release of pointto point Radio Bearers;
Mobility functions including:

- UE measurement reporting and control of the reporting for inter-cell and inter-RA T mobility;
- Handover;

- UE cell selection and reselection and control of cell selection and reselection;

- Context transferat handover.

Notification and counting for MBMS services;

Establishment, configuration, maintenance and release of Radio Bearers for MBMS services;
QoS management functions;

UE measurement reportingand control ofthe reporting;

NAS direct messagetransfer to/fromNAS from/to UE.

RRC protocol states & state transitions

RRC uses thefollowing states:

RRC_IDLE:

-  PLMN selection;

- DRX configured by NAS;

- Broadcastofsysteminformation;

- Paging;

- Cell re-selectionmobility;

- The UE shallhave been allocated an id which uniquely identifies the UEin a tracking area;

- NoRRC context storedin the eNB (except fora UE that supports User Plane CloT EPS optimizations [20]
where a context may be stored for the resume procedure);

- Sidelink communication transmis sion and reception;

- Sidelink discovery announcement and monitoring;

- V2X sidelink communication transmission and reception.
RRC_CONNECTED:

- UE has an E-UTRAN-RRC connection;

- UE has context in EUTRAN;

- E-UTRAN knows the cellwhich the UEbelongs to;

- Network can transmit and/orreceive data to/from UE;

- Network controlled mobility (handover and inter-RA T cell change order to GERAN with NACC);
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- Neighbour cellmeasurements;
- Sidelink communication transmis sion and reception;
- Sidelink discovery announcement and monitoring;
- V2X sidelink communication transmission and reception;
- AtPDCP/RLC/MACIevel:
- UE can transmit and/or receive data to/fromnetwork;

- UE monitors control signalling channel for shared data channelto see ifany transmission over the shared
data channelhas beenallocated to the UE;

- UE also reports channel quality information and feedback informationto eNB;

- DRX period can be configured according to UE activity level for UE powersaving and efficient resource
utilization. This is under control ofthe eNB.

7.3 Transport of NAS messages

The AS provides reliable in-sequence delivery of NAS messages in a cell. During handover, message loss or duplication
of NAS messages canoccur.

In E-UTRAN, NAS messages are either concatenated with RRC messages or carried in RRC without concatenation.
Upon arrival of concurrent NA S messages for the same UErequiring both concatenation with RRC for the high priority
queue andalso without concatenation for the lower priority queue, the messages are first queued as necessary to
maintain in-sequence delivery.

In DL, when an EPS bearer establishmentorrelease procedure is triggered, the NA S message should normally be
concatenated with the associated RRC message. Whenthe EPS bearer is modified and when themodificationalso
depends on a modification ofthe radio bearer, the NA S message and associated RRC message should normally be
concatenated. Concatenation of DLNAS with RRC messageis not allowed otherwise. In uplink concatenationof NAS
messages with RRC messageis used only fortransferring the initial NAS message during connection setup. Initial

Direct Transferis not usedin EEUTRAN and no NA S message is concatenated with RRC connectionrequest.

Multiple NAS messages canbe sentin a single downlink RRC message during EPS bearer establishmentor
modification. In this case, the orderofthe NA S messages in the RRCmessage shallbe kept the same as that in the
corresponding S1-AP message in orderto ensure the in-sequence delivery of NAS messages.

NOTE: NASmessagesare integrity protectedand ciphered by PDCP, in addition to the integrity protectionand
ciphering performed by NAS.

7.3a  CloT signalling reduction optimizations
7.3a.1 General

Which solution of CloT signalling reduction optimizations to be used is configured over NAS signalling between the
UE and the MME.

ForNB-IoT, PDCP is not used while AS security is not activated.
7.3a.2 Control Plane CloT EPS optimizations

The RRC connection established for Control Plane CloT EPS optimizations, as defined in TS 24.301 [20] is
characterized as below:

- A UL NASsignalling message or ULNAS message carrying data canbe transmitted in a UL RRC container
message(see Figure7.3a.2-1). A DL NASsignaling or DLNAS data can be transmitted in a DL RRC container
message;

- for NB-IoT:

- RRC connectionreconfigurationis not supported;
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- Dataradio bearer (DRB) is not used,;
- ASsecurity is notused;
- A non-anchor carrier can be configured for allunicasttransmissions during RRC connection establishment.

There is no differentiation between the differentdatatypes (i.e. [P, non-IP or SMS)in the AS.

UE eNB

Random Access Preamble

\

Random Access Response

RRCConnectionRequest

\

RRCConnectionSetup

<%

RRCConnectionSetupComplete (incl.
UL NAS message)

\ 4

Figure 7.3a.2-1: The RRC connection established for Control Plane CloT EPS Optimizations

7.3a.3 UserPlane CloT EPS optimizations

The RRC connection established for User Plane CloT EPS optimization, as definedin TS 24.301 [20], is characterized
as below:

A RRC connectionsuspend procedure is usedat RRC connectionrelease, the eNB may request the UEto retain
the UE AS context including UE capability in RRC IDLE;

A RRC connectionresume procedure is used at transition fromRRC IDLE to RRC CONNECTED where
previously stored information in the UEas well as in the eNB is utilised to resume the RRC connection. In the
messageto resume, the UEprovides a Resume ID to be usedby theeNB to access the stored information
required to resume the RRC connection;

Atsuspend-resume, security is continued. Re-keying s not supported in RRC connectionresume procedure. The
short MAC-Iis reused as theauthentication token at RRC connection reestablishment procedure and RRC
connectionresume procedure by the UE. The eNB provides the NCCin the RRCConnection Resume message as
well. And also the UEresetsthe COUNT;

Multiplexing of CCCH and DTCH in the transition fromRRC IDLE to RRC CONNECTED is not supported;

ForNB-IoT, a non-anchor carrier can be configured for all unicasttransmis sions when an RRC connection is re-
established, resumed orreconfigured additionally when an RRC connection is established.

The RRC connection suspend and resume procedures are illustrated in Figures 7.3a.3-1 and 7.3a.3-2, respectively. Note
that the descriptionhere is only intended as an overview and all parameters are therefore not listed in the message
flows.
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1.

UE eNB MME S-GW

_ UL data -
DL data

1. eNB decides to suspend the RRC connection

2. S1-AP: UE Context Suspend Request

K3. Release Access Bearers }
S1-AP: UE Context Suspend Response

4.

» 5. RRCConnectionRelease
" (releaseCause, resumeldentity)

6. UE AS context stored and
SRBs and DRBs suspended; UE
enters RRC_IDLE

Figure 7.3a.3-1: RRC Connection Suspend procedure

Due to some triggers, e.g. the expiry ofa UE inactivity timer, the eNB decides to suspend the RRC connection.

The eNB initiates the S1-AP UE Context Suspend procedure to informthe MME thatthe RRC connectionis
being suspended.

The MMErequests the S-GW to release all S1-U bearers for the UE.
MME Acks step 2.

The eNB suspends the RRC connectionby sendingan RRC ConnectionRelease message with thereleaseCause
set to rre-Suspend. The messageincludes the Resume ID which is stored by the UE.

The UE stores the AS context, suspends all SRBs and DRBs, and enters RRC IDLE.

UE eNB MME S-GW

Random Access Preamble -

Random Access Response
il

1. RRCConnectionResumeRequest iy
(resumelD, resumeCause, shortResumeMAC-I) =

2. RRCConnectionResume
(NextHopChainingCount)

3. SRBs and DRBs resumed and AS security re-
established; UE enters RRC_CONNECTED

<
<

4. RRCConnectionResumeComplete

5. S1-AP: UE Context Resume Request

K 6. Modify Bearers )
7. S1-AP: UE Context Resume Response

UL data

»

\

DL data

Figure 7.3a.3-2: RRC Connection Resume procedure

Atsome later point in time (e.g. when the UEis being paged or whennew data arrives in the uplink buffer) the
UE resumes theconnectionby sending an RRCConnectionResumeRequest to the eNB. The UEincludes its
Resume ID, the establishment cause, and authentication token. The authentication token is calculated in the same

way as the short MAC-lusedin RRC connectionre-establishment and allows the eNB to verify the UE identity.
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6.
7.

Provided thatthe Resume ID exists and the authenticationtokenis successfully validated, the eNBresponds with
an RRCConnectionResume. The messageincludes the Next Hop Chaining Count(NCC) value which is required
in orderto re-establishthe AS security.

The UE resumes all SRBs and DRBs and re-establishes the AS security. The UEis nowin RRC_CONNECTED.

The UE responds with an RRCConnectionResumeComplete confirming that the RRC connection was resumed
successfully.

. TheeNB initiates the S1-AP Context Resume procedureto notify the MMEaboutthe UE state change.

The MMErequests the S-GW to activate the S1-Ubearers for the UE.
MME Acks step5.

An RRC connection canalsobe resumed in an eNB (the new eNB) different from the one where the connection was
suspended (the old eNB). Inter eNB connection resumption is handled using context fetching, whereby thenew eNB
retrieves the UE context from the old eNBoverthe X2 interface. The new eNB provides the Resume ID which is used
by the old eNBto identify the UE context. This is illustrated in Figure 7.3a.3-3.

UE New eNB Old eNB MME S-GW

Random Access Preamble

Y

Random Access Response

<

1. RRCConnectionResumeRequest iy
(resumelD, resumeCause, shortResumeMAC-I)"~

2. X2-AP: Retrieve UE
Context Request

3. X2-AP: Retrieve UE
_Context Response

4. RRCConnectionResume
(NextHopChainingCount)

5. SRBs and DRBs resumed and AS security re-
established; UE enters RRC_CONNECTED

<
<%

6. RRCConnectionResumeComplete

7. S1-AP: Path Switch Request

K 8. Modify Bearers )
9. S1-AP: Path Switch Request ACK

10. X2-AP: UE Contex
Release -

_ UL data .
DL data

< <
<% <

Figure 7.3a.3-3: RRC Connection Resume procedure in different e NB

. Same as step 1 in the intra eNB connectionresumption.

The new eNB locates the old eNBusingthe Resume ID and retrieves the UE context by means ofthe X2-AP
Retrieve UE Context procedure.

The old eNB responds with the UE context associated with the Resume ID.
Same as step 2in the intra eNB connection resumption.
Same as step 3 in the intra eNB connection resumption.
Same as step 4in the intra eNB connection resumption.

The new eNB initiates the S1-AP Path Switch procedureto establisha S1 UE associated signalling connection to
the serving MMEand to request the MME to resume the UE context.

The MMErequests the S-GW to activate the S1-U bearers forthe UEand updates the downlink path.
MME Acks step7.
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10. Afterthe S1-AP Path Switch procedure the new eNB triggers release ofthe UE context at the old eNBby means
ofthe X2-AP UE Context Release procedure.

Fora NB-IoT UE that supports Control Plane CloT EPS optimization and S1-U data trans fer or User Plane CloT EPS
optimization, as defined in TS 24.301 [20], PDCP is not used until AS security is activated.

7.4 System Information

Systeminformation is divided into the MasterInformationBlock (MIB) and a number of SystemInformationBlocks
(SIBs):

- MasterInformationBlock defines the most essential physical layer information ofthe cellrequired to receive
further systeminformation;

- SystemInformationBlockTypel and SystemInformationBlockTypeI-BR (fora BL UE or UE in enhanced
coverage) contain informationrelevant whenevaluatingifa UE is allowed to access a celland defines the
scheduling of other systeminformation blocks;

- SystemInformationBlockType2 contains common and shared channel information;

- SystemInformationBlockType3 contains cell re-selection information, mainly related to theserving cell;

- SystemInformationBlockType4 contains information aboutthe serving frequency and intra-frequency
neighbouring cells relevant for cellre-selection (including cell re-selection parameters common fora frequency
as well as cell specific re-selection parameters);

- SystemInformationBlockType5 contains information about other E-UTRA frequencies and inter-frequency
neighbouring cells relevant for cellre-selection (including cell re-selection parameters common fora frequency
as well as cell specific re-selection parameters);

- SystemInformationBlockType6 contains informationabout UTRA frequencies and UTRA neighbouring cells
relevant for cellre-selection (including cell re-selection parameters common fora frequency as well as cell

specific re-selection parameters);

- SystemInformationBlockType7 contains information about GERAN frequencies relevant for cellre-selection
(including cellre-selection parameters for each frequency);

- SystemInformationBlockType8 contains information about CDM A 2000 frequencies and CDM A2000
neighbouring cells relevant for cell re-selection (including cell re-selection parameters common fora frequency
as well as cell specific re-selection parameters);

- SystemInformationBlockType9 contains a home eNBname (HNB name);

- SystemInformationBlockTypel( contains an ETW S primary notification;

- SysteminformationBlockTypel I contains an ETWS secondary notification;

- SysteminformationBlockTypel2 contains a CMA S warning notification;

- SystemInformationBlockTypel3 contains MBMS-related information;

- SystemInformationBlockTypel4 contains information about Extended A ccess Barring foraccess control;

- SysteminformationBlockTypel5 contains information related to mobility procedures for MBMS reception;

- SystemInformationBlockTypel6 contains information related to GPS time and Coordinated Universal Time
(UTC);

- SystemInformationBlockTypel7 contains information relevant for traffic steeringbetween EEFUTRAN and
WLAN;

- SystemInformationBlockTypel8 contains information related to sidelink communication;
- SystemInformationBlockTypel9 contains information related to sidelink discovery;

- SysteminformationBlockType20 contains information related to SC-PTM.
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- SystemInformationBlockType2l contains information related to V2X sidelink communication.

Systeminformation for NB-loT is divided into the MasterInformation Block-NB(MIB-NB) and a number of
SystemInformationBlocks-NB (SIBs-NB):

- MasterinformationBlock-NB defines themost essential information ofthe cellrequired to receive further system
information;

- SysteminformationBlockTypel-NB contains information relevant when evaluatingifa UE is allowed to access a
cell and defines the scheduling of other systeminformation blocks;

- SystemInformationBlockType2-NB contains common radio resource configuration information;

- SysteminformationBlockType3-NB contains cell re-selection information for intra-frequency, inter-frequency;

- SystemInformationBlockType4-NB contains neighboring cell related informationrelevant for intra-frequency cell
re-selection;

- SysteminformationBlockType5-NB contains neighboring cell related information relevant for inter-frequency cell
re-selection;

- SystemInformationBlockTypel4-NB contains information about access barring;
- SysteminformationBlockTypel 5-NB contains information related to mobility procedures for MBMS reception;

- SystemInformationBlockTypel 6-NB contains information related to GPS time and Coordinated Universal Time

(UTC);
- SystemInformationBlockType20-NB contains information related to SC-PTM;

- SystemInformationBlockType22-NB contains common radio res ource configuration information for paging and
randomaccess procedure on non-anchor carriers.

On MBMS-dedicated cell, only systeminformation relevantforreceiving MBMS service is broadcasted.
MasterInformationBlock-MBMS (MIB-MBMS) and SysteminformationBlock Type 1-MBMS (SIB1-MBMS) are used
instead of MIBand SIB1 respectively:

- MasterInformationBlock-MBMS defines themost essential physical layer information ofthe cellrequired to
receive further systeminformation on MBM S-dedicated cell;

- SystemInformationBlockTypel-MBMS contains informationrelevant for receivingMBMS serviceand defines
the scheduling of other systeminformation blocks on MBMS-dedicated cell;

The MIBis mapped on the BCCH and carried on BCH while all other SImessages are mapped on the BCCH and BR-
BCCH, and carried on DL-SCH. Except for BL UEs, UEs in enhanced coverage and NB-IoT UEs, all other SImessages
than the MIB which are dynamically carried on DL-SCH, can be identified through the SI-RNTI (System Information
RNTYI). Both the MIB and SystemInformationBlockType I (SystemInformationBlockTypel-BR for BL UEs and UEs in
enhanced coverage) usea fixed schedule with a periodicity of40 and 80 ms respectively. The schedulingofother SI
messages is flexible and indicated by SysteminformationBlock Type 1 (SystemInformationBlockType I-BR for BLUEs
and UEs in enhanced coverage, and SystemInformationBlockType 1-NB for NB-IoT). For NB-IoT, the MIB-NB is
mapped on the BCCH and carried on BCH while all other SImessages are mapped on the BCCH and carried on DL-
SCH. Both the MIB-NB and SystemiInformationBlockType I-NB use a fixed schedule with a periodicity of 640 and 2560
ms respectively. The MIB-NB contains all information required to acquire SIB1-NB and SIB1-NB contains all
information required to acquire other SImessages.

On MBMS-dedicated cell, the MIB-MBMS and SIBI-MBMS use a fixed schedule with a periodicity of 160 ms.
Additionally, SIBI-MBMS may be scheduled in additional non-MBSFN subframes indicated in MIB-MBMS.

Except for NB-IoT, the eNB may schedule DL-SCH transmissions concerning logical channels other than BCCH or
BR-BCCH in the same subframe as used for BCCH or BR-BCCH. The minimum UE capability restricts the BCCH or

BR-BCCH mapped to DL-SCH e.g. regarding the maximum rate.

The Paging message is usedto informUEs in RRC IDLE and UEs in RRC_CONNECTED about a systeminformation
change. ForNB-IoT UEs, BL UEs, and UEs in CE, the UE is not required to detect SIB changes when in
RRC_CONNECTED, and the network may release the NB-IoT UE, BL UE or UE in CE to RRC_IDLE if it wants the
NB-IoT UE, BL UE or UE in CE to acquire changed SIB(s).
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Except for NB-loT, systeminformation may also be provided to the UEby means of dedicated signalling e.g. upon
handover.

7.5 Carrier Aggregation

When CA is configured, the UEonly has one RRC connection with the network. At RRC connection establishment/re-
establishment/handover, one serving cell provides the NA S mobility information (e.g. TAI), andat RRC connection re-
establishment/handover, one serving cell provides the security input. This cellis referred to as the Primary Cell (PCell).

In the downlink, the carrier corresponding to the PCellis the Downlink Primary Component Carrier (DL PCC) while in

the uplinkit is the Uplink Primary Component Carrier (UL PCC).

Depending on UE capabilities, Secondary Cells (SCells) can be configured to formtogether with the PCella set of
serving cells. In the downlink, the carrier corresponding to an SCellis a Downlink Secondary Component Carrier (DL

SCC) while in the uplinkit is an Uplink Secondary Component Carrier (UL SCC).
The configured set of servingcells fora UE therefore always consists ofone PCell and one or more SCells:

- Foreach SCell theusageofuplinkresources by the UE in addition to thedownlink ones is configurable (the
number of DL SCCs configured is therefore always larger than or equal to the number of UL SCCs and no SCell

can be configured forusage ofuplink resources only);
- Froma UE viewpoint, eachuplink resource only belongs to one serving cell;

- Thenumberofservingcells thatcan be configured depends on the aggregation capability ofthe UE(see
subclause 5.5);

- PCell can only be changed with handover procedure (i.e. with security key change and, unless RACH-less HO is
configured, with RACH procedure);

- PCell is used for transmission of PUCCH;

- IfDC is not configured one additional PUCCH can be configured on an SCell, the PUCCH SCell;
- Unlike SCells, PCell cannotbe de-activated (see subclause 11.2);

- Re-establishment is triggered when PCell experiences RLF, not when SCells experience RLF;

- NAS information is taken fromPCell.

The reconfiguration, additionand removal of SCells can be performed by RRC. At intra-LTE handover, RRC can also
add, remove, orreconfigure SCells forusage with the target PCell. When adding a new SCell, dedicated RRC signalling
is used forsendingallrequired systeminformation ofthe SCelli.e. while in connected mode, UEs need not acquire
broadcasted systeminformation directly fromthe SCells.

When a PUCCH SCell is configured, RRC configures the mapping ofeachserving cellto Primary PUCCH group or
Secondary PUCCH group, i.e., foreach SCell whetherthe PCell orthe PUCCH SCell is used for the transmission of
ACK/NAKs and CSIreports.

ForLA A SCell the following additional principles are applied:

- TheeNB can configure whetherthe data ofa logical channel can be transferred via LAA SCells;

7.6 Dual Connectivity

In DC, the configured set of serving cells fora UE consists of two subsets: the Master Cell Group (MCG) containing
the serving cells ofthe MeNB, and the Secondary Cell Group (SCG) containing the servingcells ofthe SeNB.

When a UEis configured with CA in the MCG, the same principles as described in subclause 7.5 apply to MCG.
For SCG, the following principles are applied:

- Atleastone cellin SCG has a configured UL CC and one ofthem, named PSCell, is configured with PUCCH
resources;

- When SCGis configured, thereis always at least one SCGbearerorone Split bearer;
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Upon detection ofa physical layer problemora randomaccess problemon PSCell, or the maximum number of
RLC retransmissions has been reached associated with the SCG, orupon detection ofan access problemon
PSCell (T307 expiry) during SCG change, or when exceeding the maximum transmission timing difference

between CGs:

- RRC connection Re-establishment procedure is not triggered;

- AIIUL transmissions towards all cells ofthe SCG are stopped;

- MeNBis informed by the UEof SCG failure type;

- Forsplit bearer, the DL data transfer over the MeNB is maintained.
Only the RLC AM bearercan be configured for the split bearer;

Like PCell, PSCell cannotbe de-activated (see subclause 11.2);

PSCell can only be changed with SCG change (i.e. with security key change and, unless RACH-less HO is
configured, with RA CH procedure);

Neither direct bearer type change between Split bearerand SCGbearer nor simultaneous configuration of SCG
and Split bearerare supported.

With respect to the interactionbetween MeNB and SeNB, the following principles are applied:

Logical channelidentities are independently allocated by the MeNB and the SeNB.

The MeNB maintains the RRM measurement configuration ofthe UEand may, e.g. based on received
measurement reports or traffic conditions orbearer types, decideto aska SeNBto provide additional res ources
(serving cells) fora UE.

Upon receiving the request fromthe MeNB, a SeNB may create the container that will result in the configuration
of additional serving cells forthe UE (ordecide that it has noresource available to doso).

For UE capability coordination, the MeNB provides (part of) the AS configurationand the UE capabilities tothe
SeNB.

The MeNB and the SeNB exchange information about UE configuration by means of RRC containers (inter-
node messages) carried in X2 messages.

The SeNB may initiate a reconfiguration of'its existing servingcells (e.g., PUCCH towards the SeNB).
The SeNB decides which cellis the PSCell within the SCG.
The MeNBdoes not changethe content ofthe RRC configurationprovided by the SeNB.

In the case ofthe SCGaddition and SCG SCell addition, the MeNB may providethe latest measurement results
for the SCG cell(s).

Both MeNB and SeNB know the SFN and subframe offsetofeach otherby OAM or UEmeasurement, e.g., for
the purpose of DRX alignment and identification of measurement gap.

When addinganew SCG SCell, dedicated RRC signalling is used forsending allrequired systeminformation ofthe
cell as for CA describedin sub-clause 7.5, except forthe SFN acquired fromMIB ofthe PSCell of SCG.

8

8.1

E-UTRAN identities
E-UTRAN related UE identities

The following E-UTRAN related UE identities are used at cell level:

C-RNTTI: unique identification used foridentifying RRC Connection and scheduling;

Semi-Persistent Scheduling C-RNTI: unique identification used for semi-persistent scheduling;

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 089



Release 15 90 3GPP TS 36.300 V15.0.0 (2017-12)

Temporary C-RNTT: identification used for the randomaccess procedure;
TPC-PUSCH-RNTTI: identification used forthe power control of PUSCH;
TPC-PUCCH-RNTT: identificationused for the power control of PUCCH;
SL-RNTI: identificationused for sidelink communication scheduling;
SL-V-RNTT: identificationused for V2X sidelink communication scheduling;

Randomvalue for contention resolution: during some transientstates, the UEis temporarily identified with a
randomvalue used for contention resolution purposes.

SRS-TPC-RNTTI: identification used for triggering group SRS and power control of SRS for SRS-only SCells.

In DC, two C-RNTTs are independently allocated to the UE: one for MCG, and one for SCG.

The following E-UTRANrelated UE identities are used at EEUTRAN level:

8.2

Resume ID: unique identificationused for the RRC connection resume procedure;

Network entity related Identities

The following identities are used in EEFUTRAN foridentifying and V2X sidelink communication a specific network
entity TS 36.413 [25]:

Globally Unique MMEIdentity (GUMMEI) and V2X sidelink communication: usedto identifty MME globally.
The GUMMEI is constructed fromthe PLM N identity the MMEDbelongs to, the group identity ofthe MME
group the MMEDbelongs to and the MME code (MMEC) ofthe MME within the MME group.

NOTE: GUMMEI or S-TMSI containing the MMEC is provided by the UEto the eNBaccordingto TS 23.401

[17], TS 24.301 [20] and TS 36.331 [16].

E-UTRAN Cell Global Identifier (ECGI): used to identify cells globally. The ECGI is constructed fromthe
PLMN identity the cellbelongs to and the Cell Identity (CI) of the cell. The included PLMN is the one given by
the first PLMN entry in SIB1, according to TS 36.331 [16].

eNB Identifier (eNB ID): used to identify eNBs within a PLMN. The eNBID is contained within the Cl ofits
cells.

Global eNB ID: used to identify eNBs globally. The GlobaleNBID is constructed fromthe PLM N identity the
eNB belongs to andtheeNBID. The MCCand MNCare the same as included in the E-FUTRAN Cell Global

Identifier (ECGI).
The Global eNB ID of RN is the same as its serving DeNB.

Tracking Area identity (TATI): used to identify tracking areas. The TAlis constructed fromthe PLMN identity
the tracking area belongs to and the TAC (Tracking Area Code) ofthe Tracking Area.

CSG identity (CSGID): used to identify a CSG within a PLMN.
EPS BearerID / E-RAB ID:

- Thevalue ofthe EERABID used at S1and X2 interfaces to identify an E-RABallocated to the UEis the
same as the EPS Bearer ID value usedat the Uu interface to identify theassociated EPS Bearer (and also
used atthe NAS layeras defined in TS 36.413 [25]).

The following identities are broadcast in every EEUTRAN cell (SIB1): CI, TAC, CSG ID (if any)and one ormore
PLMN identities.

8.3

Sidelink communication and V2X Sidelink Communication
related identities

The following identities are used for sidelink communicationand V2X sidelink communication:
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- Source Layer-2 ID: Identifies the sender ofthe data in sidelink communicationand V2X sidelink
communication. The Source Layer-2 ID is 24 bits long and is used together with Destination Layer-2 ID and
LCID for identification ofthe RLC UM entity and PDCP entity in the receiver;

- Destination Layer-2 ID: Identifies the target ofthedatain sidelink communication and V2X sidelink
communication. For sidelink communication, the Destination Layer-2 ID is 24 bits long and is split in the MAC
layerinto two bit strings:

- Onebitstring is the LSB part (8 bits) of Destination Layer-2 ID and forwarded to physical layeras Group
Destination ID. This identifies the targetofthe intended datain sidelink control informationand is used for
filtering of packets at the physical layer.

- Second bit string is the MSBpart (16 bits ) of the Destination Layer-2 ID and is carried within the MAC
header. This is used for filtering of packets at the MAC layer.

- In case of V2X sidelink communication, Destination Layer-2 ID is not split and is carried within the MAC
header.

No Access Stratumsignalling is required for group formation and to configure Source Layer-2 ID, Destination Layer-2
ID and Group Destination ID in the UE. These identities are either provided by higherlayeror derived fromidentities
provided by higher layer. In case of groupcast and broadcast, the ProSe UEID [62] provided by higher layeris used
directly as the Source Layer-2 ID and the ProSe Layer-2 Group ID [62] provided by higher layeris used directly as the
Destination Layer-2 ID in the MA Clayer. In case of one-to-one communications, the ProSe UEID [62] provided by
higherlayeris used directly as the Source Layer-2 ID orthe Destination Layer-2 ID in the MAClayer. In case of V2X
sidelink communication, higher layer provides Source Layer-2 ID and Destination Layer-2 ID [72].

8.4 MBMS related identities

The following identities are used for SC-PTM transmission:

- SC-RNTI: Identifies transmissions ofthe SC-MCCH, and for NB-IoT UEs, BL UEs or UEs in enhanced
coverageidentifies SC-MCCH change notification;

- SC-N-RNTTI: Identifies SC-MCCH change notification for UEs otherthan NB-IoT UEs, BL UEs or UEs in
enhanced coverage;

- G-RNTL Identifies transmissions ofa SC-MTCH, and for NB-IoT UEs, BL UEs or UEs in enhanced coverage
identifies SC-M CCH change notification.

9 ARQ and HARQ

E-UTRAN provides ARQand HARQ functionalities. The ARQ functionality provides error correction by
retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at
Layer 1.

9.1 HARQ principles

The HARQ within the MA Csublayer has the following characteristics:
- HARQ transmits and retransmits transport blocks;
- In the downlink:
- N-process Stop-And-Wait;
- Asynchronous adaptive HARQ;

- Uplink ACK/NAKSs in responseto downlink (re)transmissions are sent on PUCCH or PUSCH (except for
NB-IoT);

- ForBL UEs or UEs in enhanced coverage, uplink ACK/NAKSs are sent in response to transmission
bundles;

- ForNB-IoT, Uplink ACK/NAKSs in response to downlink (re)transmissions are sent on NPUSCH;
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- PDCCH, MPDCCH or NPDCCH signals the HARQ process identifier (except for NB-IoT when only one
HARQ process is configured) and ifit is a transmission or retransmission;

- Retransmissions are always scheduled through PDCCH, MPDCCH or NPDCCH.
- In theuplink:
- N-process Stop-And-Wait;

- Synchronous HARQ (except for NB-IoT, BL UEs, UEs in enhanced coverage, SCells configured with uplink
LAA and PUSCH enhancementmode);

- Asynchronous adaptive HARQ for NB-Io T, BL UEs, UEs in enhanced coverage, for SCells configured with
uplink LAA or PUSCH enhancement mode;

- Maximum number ofretransmissions configured per UE (as opposed to perradio bearer) for synchronous
HARQ;

- Forasynchronous adaptive HARQ, HARQ process identifier is either signalled by PDCCH, MPDCCH or
NPDCCH, except for NB-IoT when only one HARQ process is configured the HARQ process identifier is
fixed (see subclause 5.4.2.11n [13]).

- Downlink ACK/NAKSs in response to uplink (re)transmis sions are sent on PHICH except for asynchronous
adaptiveHARQ;

- HARQ operation in uplinkis governed by the following principles (summarized in Table 9.1-1) except for
asynchronous adaptive HARQ:

1) Regardlessofthe content ofthe HARQ feedback (A CK or NACK), when a PDCCH for the UE is
correctly received, the UE follows what the PDCCH asks the UEto do i.e. perform a transmission ora
retransmission (referred to as adaptive retransmission);

2) When no PDCCH addressed to the C-RNTIofthe UE is detected, the HARQ feedback dictates how the
UE performs retransmissions:

- NACK: the UE performs a non-adaptiveretransmission i.e. a retransmission onthe same uplink
resourceas previously used by the same process;

- ACK: the UE does notperformany UL (re)transmission and keeps the data in the HARQ buffer. A
PDCCH is then required to performa retransmission i.e. a non-adaptive retransmis sion cannot follow.

- Forasynchronous adaptive HARQ, HARQ feedback is not sent and the UE follows what the PDCCH,
MPDCCH or NPDCCH asks the UEto do i.e. performa transmission or a retransmis sion.

- In the sidelink:
- No HARQ feedback;
- Retransmissions are always performed in a pre-defined/ configured number.

- Measurementgaps and sidelink discovery transmission during a sidelink discovery gap for transmissionare of
higher priority than HARQ retransmis sions: whenever an HARQ retransmission collides with a measurement
gap orsidelink discovery transmissionduring a sideink discovery gap for transmission, the HARQ
retransmission does nottake place.
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Table 9.1-1: UL synchronous HARQ Operation

H::e% tf:;etﬂ:fEk see:%?/?:e UE UE behaviour
ACK or NACK New Transmission New transmission according to PDCCH
ACK or NACK Retransmission ge;:})rt]iizlit?:nsarﬁg Zzgr']r;g to PDCCH
No (re)transmission, keep data in HARQ
ACK None buffer and a PDDCH is required to resume
retransmissions
NACK None Non-adaptive retransmission

9.2 ARQ principles
The ARQ within the RLC sublayerhas the following characteristics:
- ARQ retransmits RLC PDUs or RLC PDU segments based on RLC status reports;
- Polling for RLC statusreport is used when needed by RLC;
- RLC receivercan also trigger RLC status report after detectinga missing RLCPDU or RLC PDU segment.

9.3 Void
10 Mobility

Load balancing is achieved in EEUTRAN with handover, redirection mechanisms upon RRCrelease, DC and through
the usage of inter-frequency and inter-RAT absolute priorities and inter-frequency Qoffset parameters.

Measurements to be performed by a UE for mobility are classified in at least four measurement types:
- Intra-frequency E-UTRAN measurements;
- Inter-frequency E-UTRAN measurements;
- Inter-RAT measurements for UTRAN and GERAN;
- Inter-RAT measurements of CDMA2000 HRPD or 1xRTT frequencies.

Foreach measurementtype one or several measurement objects can be defined (a measurement object defines e.g. the
carrier frequency to be monitored).

Foreach measurementobject one or several reporting configurations can be defined (a reporting configuration defines
the reportingcriteria). Three reporting criteria are used: event triggered reporting, periodic reporting and event triggered

periodic reporting.

The association between a measurementobjectanda reporting configuration is created by a measurement identity (a
measurement identity links together one measurement objectand one reporting configuration of same RAT). By using
several measurementidentities (one for each measurement object, reporting configuration pair) it is possible:

- Toassociateseveral reporting configurations to one measurement objectand;
- Toassociateonereporting configuration to several measurement objects.
The measurements identity is as wellused whenreporting results ofthe measurements.

Measurement quantities are considered separately foreach RAT.

Measurementcommands are used by EEFUTRAN to order the UE to start measurements, modify measurements or stop
measurements.

ForNB-IoT:
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- Handover, measurementreports and inter-RA T mobility are notsupported,;

- 10.1.1 Mobility Management in ECM-IDLE, 10.1.4 Paging and C-plane establishment, 10.1.5 Random Access
Procedure, 10.1.6 Radio Link Failure, 10.1.7 Radio Access Network Sharingand all their subsections are

applicable;

- Allothersubsections ofsection 10 are not applicable.

10.1  Intra E-UTRAN

In EEUTRAN RRC CONNECTED state, network-controlled UE-assisted handovers and DC specific activities are
performed, except for NB-IoT, and various DRX cycles are supported.

In EEUTRAN RRC _IDLE state, cellreselections are performed and DRX is supported.

10.1.1  Mobility Managementin ECM-IDLE
10.1.1.1 Cell selection

The principles of PLMN selectionin E-UTRA are based onthe 3GPP PLMN selection principles. Cell selectionis
required on transition fromEMM _DETACHED to EMM-REGISTERED and from ECM-IDLE or ECM-

CONNECTED.
Cell selection:

- The UE NAS layer identifies a selected PLMN and equivalent PLMNs;

- The UE searches the E-UTRA frequency bands and for each carrier frequency identifies the strongest cell. It
reads cell systeminformation broadcast to identify its PLMN(s):

- The UE may search each carrier in turn ("initial cell selection") or make use of stored information to shorten
the search ("stored information cell selection").

- The UE seeks to identify a suitable cell; if it is not able to identify a suitable cellit seeks to identify an
acceptable cell. Whena suitable cellis found orifonly an acceptable cellis found it camps on that celland
commence the cellreselection procedure:

- Asuitable cellis one for which the measured cell attributes satisfy the cell selection criteria; the cell PLMN
is the selected PLMN, registered or an equivalent PLMN; the cellis not barred orreserved and thecellis not

part ofa tracking area which is in the list of " forbidden tracking areas forroaming";

- Anacceptable cellis one for which the measured cell attributes satisfy the cell selection criteria and the cell
is not barred.

Transition toRRC_IDLE:

On transition fromRRC CONNECTED to RRC IDLE, a UE should camp on thelast cell for which it was in
RRC CONNECTED or acell/any cellof set of cells or frequency be assigned by RRCin the state transition

message.
Recovery fromout of coverage:

The UE should attemptto find a suitable cell in the mannerdescribed for stored information orinitial cell
selection above. Ifno suitable cellis found onany frequency or RAT the UEshould attemptto find an

acceptable cell.
10.1.1.2 Cell reselection
A UE in RRC _IDLE performs cellreselection. The principles ofthe procedureare the following:
- The UE makes measurements ofattributes ofthe servingand neighbour cells to enable the reselection process:

- Thereis no need to indicate neighbouring cells in the serving cell systeminformation to enable the UEto
search and measure a celli.e. EEUTRAN relies on the UE to detect theneighbouring cells;
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- Forthe search and measurement of inter-frequency neighbouring cells, only the carrier frequencies need to be
indicated;

- Measurements may be omitted ifthe serving cell attribute fulfils particular search or measurement criteria.

- Cell reselectionidentifies thecellthat the UEshould camp on. It is based oncellreselection criteria which
involves measurements ofthe servingand neighbour cells, except for NB-IoT:

- Intra-frequency reselectionis based on rankingofcells;

- Inter-frequency reselection is based on absolute priorities wherea UE tries to camp on the highest priority
frequencyavailable. Absolute priorities for reselection are provided only by the RPLMN and are valid only
within the RPLMN; priorities are given by the systeminformation and are valid forall UEs in a cell, specific
priorities per UE can be signalled in the RRC Connection Release message. A validity time can be associated
with UE specific priorities.

- Inter-frequency E-UTRAN reselection can bealso based on redistribution priority. A UEmay be
redistributed to a redistribution target (frequency or cell) and will consider the redistribution target
(frequency orcell)as having the highest priority (i.e. higher than any network configured priority) fora
period oftime (i.e. validity timer). The redistribution parameters are defined in systeminformation and can
be triggered by Paging.

- Forinter-frequency neighbouring cells, it is possible to indicate layer-specific cellreselection parameters
(e.g.,layer specific offset). These parameters are common to allneighbouring cells on a frequency;

- AnNCL canbe provided by the serving cell to handle specific cases forintra- and inter-frequency
neighbouring cells. This NCL contains cell specific cell reselection parameters (e.g., cell specific offset) for
specific neighbouring cells;

- Black lists can be provided to prevent the UE from reselecting to specific intra- and inter-frequency
neighbouring cells;

- Cell reselection can be speed dependent (speed detectionbased on UTRAN solution);

- Cell reselection parameters are applicable forall UEs in a cell, but it is possible to configure specific
reselection parameters per UE group orper UE.

ForNB-IoT, cell reselection identifies the cell that the UEshould camp on. It is based on cell reselection criteria
which involve measurements ofthe serving and neighbour cells as follows:

- Intra-frequency reselectionis based on rankingofcells (potentially with cell specific offsets);

- Inter-frequency reselectionis based on ranking of frequencies (potentially with frequency specific offsets);

- Blind redirection supported forload balancing (potentially with a dedicated offset forthe frequency where
the UE is redirected to).

Cell accessrestrictions apply as for UTRAN, which consist ofaccess class (AC) barring and cellreservation (e.g. for
cells "reserved foroperatoruse") applicable for mobiles in RRC _IDLE mode.

10.1.1.3 Void
10.1.1.4 Void
10.1.1.5 Void

10.1.2 Mobility Managementin ECM-CONNECTED
The Intra-E-UTRAN-A ccess Mobility Support for UEs in ECM-CONNECTED handles allnecessary steps for

- Handover procedures, like processes thatprecedethe final HO decision onthe sourcenetwork side (controland
evaluation of UE and eNB measurements taking into account certain UE specific roaming and access
restrictions), preparation ofresources onthe targetnetwork side, commanding the UE to the new radio resources
and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data
between evolvednodes, and to updatenode relations on C-planeand U-plane.
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- DC specific procedures, like processes that precedethe final decision fora certain configurationofa SeNB
(controland evaluation of UE and network side measurements), preparation ofres pectiveresources onthe
network side ofa SeNB, commanding the UE to the new radio resources configuration fora second connection
and, if applicable, finally releasing resources ofa SeNB. It contains mechanisms to transfer UE-and bearer-
context data between involvednodes, and to updatenode relations on C-planeand U-plane.

In EEUTRAN RRC CONNECTED state, network-controlled UE-assisted handovers and DC specific activities are
performed and various DRX cycles are supported.

The UE makes measurements of attributes ofthe servingand neighbour cells to enable the process:

- Thereis no need to indicate neighbouring cells to enable the UEto search and measure a celli.e. EEFUTRAN
relies on the UE to detect theneighbouring cells;

- Forthe search and measurement ofinter-frequency neighbouring cells, at least the carrier frequencies need to be
indicated;

- The E-UTRAN signals reporting criteria for event-triggered and periodical reporting;

- AnNCL can be provided by the servingcellby RRC dedicated signalling to handle specific cases forintra-and
inter-frequency neighbouring cells. This NCL contains cell specific measurement parameters (e.g. cell specific

offset) for specific neighbouringcells;
- Black lists can be provided to prevent the UE from measuring specific neighbouring cells.

Forthe UE measuring discovery signals (i.e. CRS and/or CSI-RS) of the serving and neighbour cells, the E-UTRAN
indicates the measurement configuration to the UE, including the measurement timing configuration ofthe discovery

signals.

Depending on whetherthe UEneeds transmission/reception gaps to performthe relevant measurements, measurements
are classified as gap assisted ornon-gap assisted. A non-gap assisted measurementis a measurementon a cell that does
not require transmis sion/reception gaps to allow the measurement to be performed. A gap assisted measurement is a
measurement ona cellthat does require transmis sion/reception gaps to allow the measurement to be performed. Gap

patterns (as opposed to individual gaps) are configured and activated by RRC.
10.1.2.1 Handover

The intra EEFUTRAN HO ofa UE in RRC_ CONNECTED state is a UE-assisted network-controlled HO, with HO
preparationsignalling in EEFUTRAN:

- Part of the HO command comes fromthe target eNB and is transparently forwarded to the UEby the source
eNB;

- To prepare the HO, the sourceeNB passes allnecessary informationto thetarget eNB (e.g. E-RAB attributes
and RRC context):

- When CA is configured and to enable SCell selectionin the targeteNB, the source eNB can providein
decreasing order ofradio quality a list of the best cells and optionally measurementresult ofthe cells.

- When DCis configured, the source MeNB provides the SCG configuration (in addition to the MCG
configuration) to the target MeNB.

- Boththe source eNBand UEkeep some context (e.g. C-RNTI) to enable the return ofthe UEin case of HO
failure;

- IfRACH-less HOis not configured, the UEaccesses thetarget cellvia RACH following a contention-free
procedure using a dedicated RA CH preamble or following a contention-based procedure if dedicated RACH
preambles are not available:

- the UE uses thededicated preamble until the handover procedure is finished (successfully orunsuccessfully);

- IfRACH-less HOis configured, the UEaccesses thetarget cell via the uplink grant preallocated to the UEin the
RRC message. Ifthe UE does not receive the preallocated uplink grantin the RRC message fromthe source

eNB, the UE monitors the PDCCH of the target cell;
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- Iftheaccesstowards the target cell (using RA CH or RACH-less procedure) is not successful within a certain
time, the UE initiates radio link failure recovery using a suitable cell;

- No ROHC context is transferred at handover;

- ROHC context can be kept at handover within the same eNB.

10.1.2.1.1 C-plane handling

The preparation and executionphase ofthe HO procedure is performed without EPCinvolvement, i.e. preparation
messages are directly exchanged betweenthe eNBs. Therelease ofthe resources at the source side during the HO
completion phase is triggered by the eNB. In case an RN is involved, its DeNB relays theappropriate S1 messages
between the RN and the MME (S1-based handover) and X2 messages between the RN and targeteNB (X2-based
handover); the DeNB s explicitly aware ofa UE attachedto the RN due to the S1 proxy and X2 proxy functionality
(see section 4.7.6.6). The figure below depicts the basic handover scenario where neither MMEnor Serving Gateway
changes:
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Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO

Below is a more detailed description ofthe intra-MME/Serving Gateway HO procedure:

0 The UE context within the sourceeNB contains informationregarding roaming and access restrictions which
were provided either at connection establishment or at the last TA update.

1 ThesourceeNB configures the UEmeasurement procedures according to the roaming and access restriction
information and e.g. the available multiple frequency band information. Measurements provided by thesource
eNB may assist the function controlling the UE's connection mobility.

2 A MEASUREMENT REPORT is triggered andsent tothe eNB.

3 ThesourceeNBmakes decisionbased on MEASUREMENT REPORT and RRM information to hand offthe
UE.
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4

The sourceeNBissuesa HANDOVER REQUEST message to thetarget eNB passing necessary information to
prepare the HO at the targetside (UE X2 signalling context reference at source eNB, UE S1 EPC signalling
context reference, targetcell ID, Keng:, RRC context includingthe C-RNTIofthe UE in the sourceeNB, A S-
configuration, E-RAB context and physical layer ID ofthe sourcecell+ short MAC-I for possible RLF
recovery). UEX2 / UE S1 signalling references enable the target eNB to address the sourceeNB and the EPC.
The E-RAB context includes necessary RNLand TNL addressing information, and QoS profiles ofthe E-RABs.

Admission Control may be performed by thetarget eNB dependent on the received E-RAB QoS information to
increase thelikelihood ofa successful HO, if the resources canbe granted by target eNB. The targeteNB
configures therequired resources according to the received E-ERAB QoS information and reserves a C-RNTIand
optionally a RACH preamble. The A S-configurationto be usedin the target cell can either be specified
independently (i.e. an "establishment") or as a delta compared to the A S-configurationused in the source cell

(i.e. a"reconfiguration").

The target eNB prepares HO with L1/L.2 and sends the HANDOVER REQUEST ACKNOW LEDGE to the
source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be
sent to the UEas an RRC messageto performthe handover. The containerincludes a new C-RNTI, target eNB
security algorithmidentifiers forthe selected security algorithms, may include a dedicated RACH preamble, and
possibly some other parameters i.e. access parameters, SIBs, etc. FRACH-less HO is configured, the container
includes timing adjustment indication and optionally a preallocated uplink grant. The HANDOVER REQUEST
ACKNOW LEDGE message may also include RNL/TNL information for the forwardingtunnels, if necessary.

NOTE: Assoonasthe sourceeNBreceives the HANDOVER REQUEST ACKNOW LEDGE, or as soon as the

transmission ofthe handover command s initiated in the downlink, data forwarding may be initiated.

Steps 7to 16 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7

The target eNB generates the RRC messageto performthe handover, i.e. RRCConnection Reconfiguration
messageincluding the mobilityControllnformation, to be sent by the source eNB towards the UE. The source
eNB performs the necessary integrity protection and ciphering ofthe message.

The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI,
target eNB security algorithmidentifiers, and optionally dedicated RA CH preamble, target eNB SIBs, etc.) and
is commanded by the sourceeNB to performthe HO. If RACH-less HOis configured, the
RRCConnectionReconfiguration includes timing adjustmentindication and optionally preallocated uplink grant
for accessing the target eNB. If preallocated uplink grantis not included, the UEshould monitor PDCCH of the
target eNBto receive an uplink grant. The UEdoes not need to delay thehandover execution fordelivering the
HARQ/ARQresponses to source eNB.

If Make-Before-Break HO is configured, the connection tothe source cellis maintained after thereception of
RRCConnectionReconfiguration message with mobilityControllnformation before the UE executes initialuplink
transmissionto the targetcell.

NOTE: If Make-Before-Break HO is configured, the sourceeNB decides whento stop transmitting to the UE.

NOTE: The UE can be configured with Make-Before-Break HO and RACH-less HO simultaneously.

8

The sourceeNB sends the SN STATUS TRANSFER message tothe targeteNB to convey the uplink PDCP SN
receiver status and the downlink PDCP SN transmitter status of E-RA Bs for which PDCP status preservation
applies (i.e. for RLC AM). The uplink PDCP SN receiver status includes at least the PDCP SN ofthe first
missing UL SDU and may include a bit map of the receive status ofthe out of sequence ULSDUSs that the UE
needs toretransmit in the target cell, if there are any such SDUs. Thedownlink PDCP SN transmitter status
indicates the next PDCP SN that the target eNB shallassignto new SDUs, nothavinga PDCP SN yet. The
source eNB may omit sending this message ifnone ofthe E-RABs ofthe UEshall be treated with PDCP status
preservation.

If RACH-less HOis not configured, afterreceiving the RRC Connection Reconfiguration message including the
mobilityControllnformation , UE performs synchronisationto target eNB and accesses the targetcell via RACH,
following a contention-free procedure ifa dedicated RA CH preamble was indicated in the
mobilityControlInformation, or following a contention-based procedureifno dedicated preamble was indicated.
UE derives target eNB specific keys and configures the selected security algorithms to be used in the targetcell.

If RACH-less HOis configured, UE performs synchronisation to target eNB. UE derives target eNB specific
keys and configures theselected security algorithms to be usedin the target cell.
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10 If RACH-less HOis not configured, the targeteNB responds with UL allocation and timing advance.

10a If RACH-less HOis configuredand the UEdid not get the periodic pre-allocated uplink grant in the

RRCConnectionReconfiguration message including the mobilityControllnfo, the UEreceives uplink grant via the
PDCCH ofthe target cell. The UE uses the first available uplink grantafter synchronization to the targetcell.

11 When theRACH-less HO is not configured and the UE has successfully accessed the targetcell, the UE sends

the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink
Buffer Status Report, whenever possible, to the targeteNB, which indicates that the handover procedure is
completed forthe UE. The target eNB verifies the C-RNTIsent in the RRC ConnectionReconfigurationComplete
message. The target eNB can now begin sending data to the UE.

When theRACH-less HO is configured, after the UEhas received uplink grant, the UEsends the
RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink
Buffer Status Report, whenever possible, to the targeteNB. The target eNB verifies the C-RNTIsent in the
RRCConnectionReconfigurationComplete message. The targeteNB can now begin sending datato the UE. The
handover procedure is completed for the UEwhen the UE receives the UE contention resolution identity MAC
controlelement fromthe target eNB.

12 Thetarget eNBsends a PATH SWITCH REQUEST messageto MMEto informthat the UEhas changed cell.

13 The MMEsendsa MODIFY BEARER REQUEST message to the Serving Gateway.

14 The Serving Gateway switches the downlink data path tothe targetside. The Serving gateway sends oneor more

"end marker" packets onthe old pathto the sourceeNB and then can releaseany U-plane/TNLresources
towards the source eNB.

15 The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.

16 The MMEconfirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST

ACKNOWLEDGE message.

17 By sending the UECONTEXT RELEASE message, thetarget eNB informs success of HO to source eNBand

triggers the release ofresources by thesource eNB. The targeteNB sends this message afterthe PATH SWITCH
REQUEST ACKNOWLEDGE messageis received fromthe MME.

18 Upon reception ofthe UECONTEXT RELEA SE message, the sourceeNB can release radio and C-planerelated

resources associated to the UEcontext. Any ongoing data forwarding may continue.

When an X2 handoveris usedinvolving HeNBs and when the source HeNB is connectedto a HeNBGW, a UE
CONTEXT RELEASE REQUEST messageincluding an explicit GW Context Release Indication is sentby thesource
HeNB, in orderto indicate that the HeNB GW may release ofall the resources related to the UE context.

10.1.2.1.2 U-plane handling

The U-plane handling during the Intra-E-UTRAN-Access mobility activity for UEs in ECM-CONNECTED takes the
following principles into account to avoid dataloss during HO:

During HO preparation U-plane tunnels can be established between the sourceeNB and the target eNB. There is
one tunnel established foruplink data forwarding and another one for downlink data forwarding foreach E-RAB
for which data forwarding is applied. In the case ofa UE underan RN performing handover, forwarding tunnels
can be established between the RN and the target eNB via the DeNB.

During HO execution, user datacan be forwarded fromthe source eNB to the target eNB. The forwarding may
take place in a service and deployment dependentand implementation s pecific way.

- Forwarding of downlinkuser data fromthe source to the target eNB should take place in orderas long as
packets are received at the source eNB fromthe EPC orthe sourceeNBbuffer has not been emptied.

During HO completion:

- ThetargeteNBsendsa PATH SWITCH message to MMEto informthat the UEhas gainedaccess and
MMEsendsa MODIFY BEARER REQUEST messageto the Serving Gateway, the U-plane path is switched
by the Serving Gateway fromthe source eNBto the target eNB.
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- ThesourceeNBshould continue forwarding of U-plane data as longas packets are received at the source
eNB fromthe Serving Gateway orthe source eNB buffer has not been emptied.

For RLC-AM bearers:
- During normal HO not involving Full Configuration:

- Forin-sequencedelivery and duplication avoidance, PDCP SN is maintained on a bearer basis and the source
eNB informs the target eNBabout thenext DL PDCP SN to allocate to a packet which doesnothave a PDCP
sequence number yet (either fromsource eNB or from the Serving Gateway).

- Forsecurity synchronisation, HFN is also maintained and the sourceeNB provides to the targetone reference
HFN for the UL and one forthe DLi.e. HFN and corresponding SN.

- In both theUEand the targeteNB, a window-based mechanismis needed for duplication detection.

- Theoccurrenceofduplicates overthe air interface in the target eNB is minimised by means of PDCP SN
based reporting at the target eNB by the UE. In uplink, the reporting is optionally configured on a bearer
basis by the eNBand the UEshould first start by transmitting those reports when granted resources in the
target eNB. In downlink, the eNBis free to decide when and for which bearers areportis sentand the UE
does notwait forthe report to resume uplink transmission.

- Thetarget eNBre-transmits and prioritizes alldownlink PDCP SDUs forwarded by the source eNB (i.e. the
target eNBshould send data with PDCP SNs from X2 before sending data fromS1), with the exception of

PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE.

- The UE re-transmits in the target eNB all uplink PDCP SDUs starting fromthe first PDCP SDU following
the last consecutively confirmed PDCP SDU i.e. the oldest PDCP SDU that has not been acknowledged at
RLC in the source, excluding the PDCP SDUs of which the reception was acknowledged through PDCP SN
based reporting by the target.

- During HO involving Full Configuration:

- The following description below for RLC-UM bearers also applies for RLC-AM bearers. Data loss may
happen.

For RLC-UM bearers:
- The PDCP SN and HFN are reset in the targeteNB.

- No PDCP SDUs are retransmitted in the target eNB.

- Thetarget eNB prioritizes all downlink PDCP SDUs forwarded by the source eNB ifany (i.e. the target eNB
shouldsend datawith PDCP SNs from X2 before sendingdata fromS1).

- The UE PDCP entity does notattempt to retransmit any PDCP SDU in the target cell for which transmissionhad
been completedin the source cell. Instead UEPDCP entity starts the transmis sion with other PDCP SDUs.

10.1.2.2 Path Switch
10.1.2.21 Path Switch upon handover

Afterthe downlink pathis switched at the Serving GW downlink packets on the forwardingpath and onthe new direct
path may arrive interchanged at the targeteNB. The target eNodeB should first deliver all forwarded packets to the UE
before delivering any ofthe packets received on the new direct path. The method employedin the target eNB to enforce
the correct delivery order of packets is outside the scope ofthe standard.

In orderto assist thereordering function in the targeteNB, the Serving GW shallsend one or more "end marker"
packets onthe old pathimmediately after switching the path foreach E-RAB of the UE. The "end marker" packetshall
not contain userdata. The "end marker" is indicated in the GTP header. A fter completing the sending ofthe tagged
packets the GW shallnot send any furtheruser data packets via theold path.

Uponreceiving the "end marker" packets, the source eNB shall, if forwarding is activated for thatbearer, forward the
packet toward the target eNB.
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On detectionofan "end marker" the target eNBshall discard the end marker packet and initiate any necessary
processing tomaintain in sequence delivery ofuser data forwarded over X2 interface and user data received fromthe
serving GW over Sl as aresult ofthe path switch.

On detectionofthe "end marker", the targeteNB may also initiate the release ofthe data forwarding resource. However,
the release ofthe data forwarding resourceis implementation dependent and could alsobe based on other mechanisms

(e.g. timer-based mechanism).

EPC may changethe uplink end-point ofthe tunnels with Path Switch procedure. However, the EPCshould keep the
old GTP tunnel end-point(s) sufficiently long time in order to minimise the probability of packet losses and avoid
unintentional release ofrespective E-ERAB(s).

10.1.2.2.2 Path Update upon Dual Connectivity specific activities

Upon DCspecific activities which involve thetransfer of bearer contexts fromone eNB to another, ifone ofthe eNBs
involved in DCprovides radio resources tothe UE forone orseveral E-RABs configured with the SCGbearer option,
the update ofthe downlink path towards the EPC for the relevant E-RA Bs needs to be communicated by the MeNB to
the MME. The functions specified for the path switch forhandoveras specified in section 10.1.2.2.1 are applicable for
the path update for DC with SCG bearer option as well except that:

- Therole of involved eNBs are different: in DC, the "source eNB" as specified forhandover, is the eNB from
which the bearer context is transferred and the "targeteNB" is the eNB to which the bearer context is transferred.

- The EPC does not changethe uplink end-point ofthe tunnels with the Path Update procedurein a way that this
would change the Serving GW.

10.1.2.2.3 Path Switch upon UE context resume

Upon resumptionofa UE context in an eNB different from the one where the UE context was suspended, the Path
Switch procedure is usedto request the MME to resume the UE context and related bearer contexts in the EPC and

updatethe downlink path.
10.1.2.3 Data forwarding

10.1.2.3.1 For RLC-AM DRBs

Upon handover, the source eNB may forward in order to the targeteNB all downlink PDCP SDUs with their SN that
havenot been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data

arriving over S1 to the target eNB.

NOTE: Thetarget eNBdoesnothave to wait forthe completion of forwarding fromthe source eNB before it
begins transmitting packets to the UE.

The sourceeNBdiscards any remaining downlink RLC PDUs. Corres pondingly, the source eNB does not forward the
downlink RLC context to the target eNB.

NOTE: ThesourceeNBdoesnotneedto abort ongoing RLC transmissions with the UEas it starts data
forwarding to the targeteNB.

Upon handover, the source eNB forwards to the Serving Gateway the uplink PDCP SDUSs successfully received in-
sequence untilthe sending ofthe Status Transfer message to thetarget eNB. Then at that point oftime the source eNB
stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly,
the source eNB does not forward theuplink RLC context to the target eNB.

Then the source eNB shall either:

- discard the uplink PDCP SDUs received out of sequence ifthe source eNB has not accepted the request fromthe
target eNB foruplink forwarding orif the target eNB has notrequested uplink forwarding for the bearer during
the Handover Preparation procedure,

- forward to the target eNB the uplink PDCP SDUs received out of sequenceifthe sourceeNBhas accepted the
requestfromthe target eNB foruplink forwarding for the bearer during the Handover Preparation procedure.

The PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field ofthe GTP-U extension header. The
target eNBshalluse the PDCP SNif it is available in the forwarded GTP-U packet.
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Fornormal HO in-sequence delivery ofupperlayer PDUs duringhandover is based ona continuous PDCP SN and is
provided by the "in-order delivery and duplicate elimination" function at the PDCP layer:

- in the downlink, the "in-order delivery and duplicate elimination" function at the UE PDCP layer guarantees in-
sequence delivery of downlink PDCP SDUs;

- in theuplink, the "in-order delivery and duplicate elimination" function at the target eNB PDCP layer guarantees
in-sequence delivery ofuplink PDCP SDUs.

Afteranormal handover, when the UEreceives a PDCP SDU from the target eNB, it can deliverit to higher layer
together with all PDCP SDUs with lower SNs regardless ofpossible gaps.

Forhandovers involving Full Configuration, the source eNB behaviouris unchanged fromthe descriptionabove. The
target eNB may not send PDCP SDUs for which delivery was attempted by thesource eNB. The targeteNB identifies
these bythe presence ofthe PDCP SN in the forwarded GT'P-U packet and discards them.

Aftera Full Configuration handover, the UEdelivers received PDCP SDU from the source cellto the higher layer
regardless of possible gaps. UEdiscards uplink PDCP SDUs for which transmission was attempted and retransmis sion

of theseoverthe target cellis not possible.
10.1.2.3.2 For RLC-UM DRBs

Upon handover, the source eNB does not forward to the target eNB downlink PDCP SDUs for which transmissionhad
been completed in the source cell. PDCP SDUs that have notbeen transmitted may be forwarded. In addition, the
source eNB may forward fresh downlink data arriving over S1 to the target eNB. The sourceeNB discards any
remaining downlink RLC PDUs. Correspondingly, thesource eNB does not forward thedownlink RLC context to the

target eNB.

Upon handover, the source eNB forwards alluplink PDCP SDUs successfully receivedto the Serving Gateway (i.e.
including the ones received outof'sequence) and discards any remaining uplink RLC PDUs. Correspondingly, the
source eNB does not forward the uplink RLC context to the targeteNB.

10.1.2.3.3 SRB handling

With respect to SRBs, the following principles apply at HO:
- No forwarding orretransmissions of RRC messages in the target;
- ThePDCP SN and HFN are reset in the target.

10.1.2.3.4 User data forwarding for Dual Connectivity

Upon DCspecific activities user data forwarding may be performed for E-RABs configured with the SCG bearer option
or with the split bearer option. The behaviour ofthe eNB from which data is forwarded is the same as specified forthe
"source eNB" forhandover, the behaviour ofthe eNBto which datais forwarded is the same as specified forthe "target
eNB" for handover. Ifdata forwarding forsplit bearer optionis applied, the PDCP PDUs which are not acknowledged
by the UE are forwarded fromthe SeNBto the MeNB in the course of procedures involvingthe release ofthe SCGpart

of the split bearer (e.g., SeNB Modification, SeNB Release, Change of SeNB).
10.1.2.4 Void

10.1.2.5 Void
10.1.2.6 Void

10.1.2.7 Timing Advance

In RRC_CONNECTED, the eNBis responsible formaintainingthe timing advance. Serving cells having UL to which
the same timing advance applies (typically correspondingto theservingcells hosted by thesame receiver) and using the
same timing reference cellare grouped in a timing advance group (TAG). Each TAG contains at least one serving cell
with configured uplink, and themappingofeach serving cellto a TAGis configuredby RRC. In case of DC, a TAG

only includes cells that are associated to the same CGand the maximum numberof TAGis 8.

Forthe pTAGthe UE uses the PCellin MCG and the PSCellin SCG as timing reference. In asTAG, the UEmay use
any ofthe activated SCells ofthis TAGas a timing reference cell, but should notchange it unless necessary.
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ForNB-IoT, the UE uses the anchor carrier as timing reference no matter if the non-anchor carrier is configured ornot.

In some cases (e.g. during DRX), the timing advance is notnecessarily always maintained and the MACsublayer
knows if the L1 is synchronised and which procedureto use to start transmitting in the uplink:

- aslongas the L1is non-synchronised, uplink transmission can only take place on PRACH.

Fora TAG, cases where the UL synchronisation status moves from"synchronised" to "non-s ynchronised" include:
- Expiration ofa timer specific to the TAG;
- Non-synchronised handover.

The synchronisation status ofthe UE follows the synchronisation status ofthe pTAGofMCG. The synchronisation
status ofthe UEw.r.t. SCG follows the synchronisation status ofthe pTAGofSCG. When thetimerassociated with
pTAGis not running, the timer associated with an sTAGin that CG shallnot be running. Expiry of the timers

associated with one CG does not affectthe operation ofthe other CG.

The value ofthe timerassociated to the pTAGofMCGis either UE specific and managed through dedicated signalling
between the UEand the eNB, orcell specific and indicated via broadcast information. In both cases, the timer is
normally restarted whenever a new timing advance is given by the eNB forthe pTAG:

- restartedto a UEspecific value ifany; or
- restartedto a cell specific value otherwise.

The value ofthe timerassociated to apTAGofSCG and the value ofa timer associatedto an sTAGofan MCGoran
sTAGofSCG are managed through dedicated signalling between the UEand the eNB, and the timers associated to
these TAGs can be configured with different values. Thetimers ofthese TA Gs are normally restarted whenever a new
timing advance is givenby theeNB for the corresponding TAG.

Upon DL data arrival or for positioning purpose, a dedicated signatureon PRACH can be allocated by the eNBto the
UE. When a dedicated signature on PRACHis allocated, the UEshall performthe correspondingrandomaccess
procedure regardless ofits L1 synchronisation status.

Timing advance updates are signalled by the eNBto the UEin MACPDUs.

With RACH-less HO, only timing adjustmentindication, Nra=0 orreuse Nra from a source eNB, are allowed where
Nra denotes a parameter defined in TS36.213 [6] and TS36.211 [4].

10.1.2.8 Dual Connectivity operation

10.1.2.8.1 SeNB Addition

The SeNB Addition procedure is initiated by the MeNB and is used toestablisha UE context at the SeNB in orderto
provide radio resources fromthe SeNB to the UE. This procedure is usedto add at least the first cell (PSCell) ofthe
SCG. Figure 10.1.2.8.1-1 shows the SeNB Addition procedure.
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1.

UE MeNB SeNB S-GW MME

1. SeNB Addition Request
(carry SCG-Configinfo)

_2. SeNB Addition Request Acknowledge

carry SCG-Confi
‘3. RRCConnectionReconfigurarti‘o(n y o)

4. RRCConnectionReconfigurationComplete
>

5. SeNB Reconfiguration Cogplete

»

6. Random Access Procedure

7. SN Status Transfer

8. Data Forwarding

,,,,,,,,,,,, >
Path Update procedure 9. E-RAB Modification|Indication _____________ -
_ 10. Bearer Modication
11. End Marker Packet
e
< 12. E-RAB Modification| Confirmation

Figure 10.1.2.8.1-1: SeNB Addition procedure

The MeNB decides to requestthe SeNB to allocate radio resources fora specific E-RAB, indicating E-RAB
characteristics (E-RA B parameters, TNLaddress information corresponding to bearer type). In addition, MeNB
indicates within SCG-Configinfo the MCGconfiguration and the entire UE capabilities for UE capability
coordinationto be usedas basis forthe reconfiguration by the SeNB, but does notinclude SCG configuration.
The MeNB can providethe latestmeasurementresults forthe SCGeell(s) requested to be added. The SeNB may
reject the request.

NOTE: In contrastto SCG bearer, forthe split bearer optionthe MeNB may either decide to request resources

from the SeNB ofsuch an amount, that the QoS forthe respective E-RAB s guaranteed by the exact sum
of resources provided by the MeNB and the SeNBtogether, oreven more. The MeNBs decisionmay be
reflected in step 1 by the E-RA B parameters signalled to the SeNB, which may differ from E-RAB
parameters received over S1.

NOTE: Fora specific E-RAB, the MeNB may requestthe directestablishmentofan SCG or a Split bearer, i.e.,

without first having to establishan MCGbearer.

If the RRM entity in the SeNB s able to admit the resourcerequest, it allocates respectiveradio resources and,
dependenton the bearer option, respective transportnetwork resources. The SeNB triggers Random A ccess so
that synchronisation ofthe SeNBradio resource configuration canbe performed. The SeNB provides the new
radio resourceof SCG in SCG-Configto theMeNB. For SCG bearers, the SeNB provides the new radio resource
of the SCGtogether with S1 DL TNL address information for the respective E-RA B and security algorithm, for
split bearers together with X2 DL TNL address information.

NOTE: In case ofsplit bearers, transmission ofuser plane data may take place afterstep 2.

NOTE: In case of SCGbearers, dataforwardingandthe SN Status Transfer may take place afterstep2.

3.

If the MeNB endorses thenew configuration, the MeNB sends the RRCConnectionReconfiguration message to
the UE including the new radio resource configuration of SCG accordingto the SCG-Config.

The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message. In
case the UEis unable to comply with (part of) the configuration included in the RRC ConnectionReconfiguration
message, it performs the reconfiguration failure procedure.

The MeNB informs the SeNB that the UEhas completed the reconfiguration procedure successfully.

The UE performs synchronisation towards the PSCell of the SeNB. The orderthe UEsends the
RRCConnectionReconfigurationComplete message and performs the Random A ccess procedure towards the
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SCG is not defined. The successful RA proceduretowards the SCG is not required fora successful completion of
the RRC Connection Reconfiguration procedure.

7./8. In case of SCGbearers, and dependenton the bearer characteristics ofthe respective E-RAB, the MeNB may
take actions to minimise service interruption due to activation of dual connectivity (Data forwarding, SN Status
Transfer).

9.-12. ForSCG bearers, the update ofthe UP path towards the EPCis performed.
10.1.2.8.2 SeNB Modification

The SeNB Modification procedure may be initiated eitherby the MeNB or by the SeNB and be used to modify,
establish orreleasebearer contexts, to transfer bearer contexts to and fromthe SeNB or to modify other properties of
the UE context within the same SeNB.

The SeNB modification procedure does not necessarily need to involve signalling towards the UE.

MeNB initiated SeNB Modification

UE MeNB SeNB S-GW MME

1. SeNB Modification Request
(carry SCG-Configinfo) =

2. SeNB Modification Request Acknowledge
t@a%rry SCG-Config)

‘3. RRCConnectionReconfigura

Bl

4. RRCConnectionReconfigurationComplete

5. SeNB Reconfiguration Complete

Random Access Procedure

6.
< >
<

7. SNStatus Transfer

8. Data Forwarding

9. Path Update procedure

Figure 10.1.2.8.2-1: SeNB Modification procedure - MeNB initiated

The MeNBuses the procedure to initiate configuration changes ofthe SCG within the same SeNB, e.g. the addition or
release of SCG SCells, the addition, modification orrelease of SCG bearer(s) and the SCGpart of split bearer(s) and to
trigger PSCell change involving PSCellrelease. The SeNB may reject the request, except ifit concerns the release of
SCG cells, of SCG bearer(s) orthe SCGpart of split bearer(s). Figure 10.1.2.8.2-1 shows an example signalling flow

for aMeNB initiated SeNB Modification procedure.

1. The MeNBsends the SeNB Modification Request message, which may contain bearer context related or other
UE context related information, data forwarding address information (ifapplicable) and SCG-Configinfo which
contains the MCGconfigurationandthe entire UE capabilities for UE capability coordinationto be used as basis
for the reconfiguration by the SeNB. In case of SCG SCell addition request, the MeNB can providethe latest
measurement results forthe SCGceell(s) requested to be addedand SCGserving cell(s). In case of SCG Change,
SCG Change Indication is included.

NOTE: MeNBmay request theestablishmentorrelease of SCG or Split bearer while not reconfigurationto MCG
bearer, which can be performed without SCGchange.

2. The SeNB responds with the SeNB Modification Request A cknowledge message, whichmay contain radio
configuration information within SCG-Config message and data forwarding address information (ifapplicable).
In this step, the SeNB does not initiatean SCG changei.e. the SCG-Configmessage indicates an SCGChange
only if the MeNB included the SCG Change Indication in the SeNB Modification Request message (as an SCG
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change initiated by the SeNB would subsequently require an SCGcounter fromthe MeNB). In case of SCG
Change, for E-RA Bs configured with the split bearer option for which no bearer type changeis performed, the
SeNB provides anew DL GI'P TEID to the MeNB. The MeNB shall continue sending DLPDCP PDUs to the
SeNB with the previous DL GTP TEID untilit performs PDCP re-establishment or PDCP data recovery, and use
thenew DL GTP TEID starting with the PDCP re-establishment or datarecovery.

3/4. The MeNBinitiates the RRC connectionreconfiguration procedure. The UEapplies the new configuration
and replies with RRC ConnectionReconfigurationComplete. In case the UEis unable to comply with (part of) the
configurationincluded in the RRCConnectionReconfiguration message, it performs the reconfiguration failure

procedure.

5. Upon successful completion ofthe reconfiguration, thesuccess ofthe procedure is indicated in the SeNB
Reconfiguration Complete message.

6. Ifinstructed, the UEperforms synchronisation towards the PSCellofthe SeNB as described in SeNB addition
procedure. Otherwise, the UEmay perform UL transmission after havingapplied the new configuration.

7/8.  Ifapplicable, data forwarding between MeNB and the SeNB takes place (Figure 10.1.2.8.2-1 depicts the case
where a bearer context is transferred fromthe MeNB to the SeNB).

9. Ifapplicable,apath update is performed.

SeNB initiated SeNB Modification

UE MeNB SeNB S-GW MME

1,.SeNB Modification Required
(include SCG-Config)

I'For providing of Forwarding addresses, SeNB security key, SCG
Change indication

3. SeNB Modification Request
“Acknowledge

|
|
2. SeNB Modification Request :
|
|

4. RRCConnectionReconfiguration

5. RRCConnectionReconfigurationComplete

6. SeNB Modification Confir[g

»
|

J. Random Access Procedure

8. SNStatus Transfer

9. Data Forwarding F——— ==~

10. Path Update procedure

Figure 10.1.2.8.2-2: SeNB Modification procedure - SeNB initiated

The SeNB uses the procedure to performconfiguration changes ofthe SCGwithin the same SeNB, e.g. to triggerthe
release of SCG SCell(s) (other than PSCell), SCG bearer(s) and the SCG part of split bearer(s ) (upon which the MeNB
may release the bearer orreconfigureit to an MCG bearer), and to trigger PSCell change. The MeNB cannot reject the
release request of SCG SCells (otherthan PSCell), SCG bearerand the SCGpart of split bearer. The SeNB cannot
initiate an SCG SCell addition except forthe case of Slupdate ofan SCG SCell. Figure 10.1.2.8.2-2 shows anexample

signalling flow foran SeNB initiated SeNB Modification procedure.

1. The SeNB sends the SeNB Modification Required message, which may contain bearer context related, other UE
context related information and SCG-Config which contains the new radio resource configuration of SCG. For
bearerrelease or modification a corresponding E-RAB st is included in the SeNB Modification Required
message. In case of SCG Change, SCG Change Indication together with SCG-Config are included. In case of

release ofbearerserved by SeNB, SCG-Configis not included.

The SeNB can decide whether the Random A ccess procedure is required, i.e. SCG change.
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2./3. If data forwarding and/or SeNB security key changeneeds to be applied, the MeNB triggers the preparation
ofthe MeNB initiated SeNB Modification procedure and provides forwarding address and/ora new SeNB
security key information within the SeNB Modification Request message, respectively. [fthe SeNBrequested to
release abearerin step 1, and the MeNB decides to reconfigureit to an MCG bearer, the MeNB provides the
SCG Change Indication within the SeNB Modification Request messageand the SeNB provides respective RRC
information in the SCG-Configuration within the SeNB Modification Request A cknowledgement message.

NOTE: When the SeNB Modification Required message contains SCG-Configin step 1, the following MeNB
initiated SeNB Modification procedure triggered by the MeNB in step 2 cannot be used for anything that

would require anew SCG configuration (as SCG-Config cannot be subsequently signalled by the SeNB).

NOTE: Ifonly SeNB security key (i.e. without SCG Change Indication) is provided in step 2, the MeNB does not
need to wait forthe receptionofstep 3 to initiate the RRC connection reconfiguration procedure.

4. If MeNB accepts the SeNBrequest, the MeNB sends the RRCConnectionReconfiguration message to the UE
including the new radioresource configuration of SCG according to the SCG-Config.

5. The UE applies the new configuration and replies the RRCConnectionReconfigurationCompletemessage. In case
the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration
message, it performs the reconfiguration failure procedure.

6. Upon successful completion ofthe reconfiguration, thesuccess ofthe procedure related to SCG-Configis
indicated in the SeNB Modification Confirmmessage.

7. Ifinstructed, the UEperforms synchronisation towards the PSCellofthe SeNB as described in SeNB addition
procedure. Otherwise, the UEmay perform UL transmission after havingapplied the new configuration.

8/9. Ifapplicable, data forwarding between MeNB and the SeNB takes place (Figure 10.1.2.8.2-2 depicts the case
where a bearer context is transferred fromthe SeNB to the MeNB).

10. If applicable, a path update is performed.
10.1.2.8.2.1 Intra-MeNB handover involving SCG change

This procedureis usedto performhandover within thesame MeNB while keeping the SCG in the same SeNB.

UE MeNB SeNB S-GW MME

1. SeNB Modification Requegt
(carry SCG-Configlinfo)

2. SeNB Modification Request Acknowledge
carry SCG-Config)

3. RRCConnectionReconfiguration

<
-
4. Random Access Procedure|

>

<
-

5. RRCConnectionReconfigurationComplete

6. SeNB Reconfiguration Complete

7. Random Access Procedure

10. Path Update procedure

Figure 10.1.2.8.2.1-1: Intra-MeNB handover procedure with SeNB configuration

1. The MeNB sends the SeNB Modification Request message, which may contain bearer context related or other
UE context related information, data forwarding address information (ifapplicable) and SCG-Configinfo which
contains the MCGconfigurationand the entire UE capabilities for UE capability coordinationto be used as basis
for the reconfiguration by the SeNB. In case of SCG SCell addition request, the MeNB can providethe latest
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measurement results forthe SCGceell(s) requested to be addedand SCG serving cell(s). For E-RA Bs configured
with the split bearer option for which no bearer type changeis performed during the SCG Change procedure the
MeNB provides anew UL GTP TEID to the SeNB. The SeNB shall continue sending ULPDCP PDUs to the
MeNB with the previous ULGTP TEID until it re-establishes the RLCand use the new UL GTP TEID after
RLC re-establishment.

2. The SeNB responds with the SeNB Modification Request A cknowledge message, which may contain radio
configuration information within SCG-Config message and data forwarding address information (ifapplicable).

3. The MeNBtriggers the UEto apply the new configuration including SCG configuration.
4/5.  The UE synchronizes to the MeNB.

6. Upon successful completion ofthe reconfiguration, thesuccess ofthe procedure is indicated in the SeNB
Reconfiguration Complete message.

7. The UE performs synchronisation towards the PSCell ofthe SeNB as described in SeNB addition procedure.
8/9.  Data forwarding between MeNB and the SeNB may take place.
10. If applicable, a path update is performed.

10.1.2.8.3 SeNB Release

The SeNB Release procedure may be initiated either by the MeNB or by the SeNB and is used to initiate therelease of
the UE context at the SeNB. The recipient node ofthis request cannot reject.

It does not necessarily needto involve signalling towards the UE, e.g., RRC connection re-establishmentdueto Radio
Link Failure in MeNB.

MeNB initiatedSeNB Release

UE MeNB SeNB S-GW MME

1. SeNB Release Request

2. RRCConnectionReconfiguration

3. RRCConnectionReconfigurationComplete
>

_4. SNStatus Transfer

| Dot Forwarding

6. Path Update procedure

7. UE Context Release

Y

Figure 10.1.2.8.3-1: SeNB Release procedure — MeNB initiated

Figure 10.1.2.8.3-1 shows an example signalling flow forthe MeNB initiated SeNB Release procedure.

1. The MeNBinitiates the procedure by sending the SeNB Release Request message. If data forwardingis
requested, the MeNB provides data forwarding addresses to the SeNB.

2/3.  Ifrequired, the MeNB indicates in the RRCConnectionReconfiguration message towards the UE that the UE
shallrelease the entire SCG configuration. In case the UEis unable to comply with (part of) the configuration

included in the RRC ConnectionReconfiguration message, it performs the reconfiguration failure procedure.

NOTE: If data forwarding is applied, timely coordinationbetween steps 1 and 2 may minimize gaps in service
provision, this is howeverregarded to be an implementation matter.

4/5.  Data forwarding fromthe SeNB to the MeNB takes place.

6. Ifapplicable, the pathupdate procedure is initiated.
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7. Upon reception ofthe UE Context Release message, the SeNB can releaseradio and C-plane related resource
associatedto the UE context. Any ongoing data forwarding may continue.

SeNB initiatedSeNB Release

UE MeNB SeNB S-GW MME

SeNB Release Required

1.

2. SeNB Release Confirm

3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete
5. SNStatus Transfer

6. Data Forwardng [~~~ -~~~ " "~~~
< 9

7. Path Update procedure

8. UE Context Release

Figure 10.1.2.8.3-2: SeNB Release procedure — SeNB initiated

Figure 10.1.2.8.3-2 shows an example signalling flow for the SeNB initiated SeNB Release procedure.

1. The SeNB initiates the procedure by sending the SeNB Release Required message which does not contain inter-
node message.

2. If data forwarding is requested, the MeNB provides data forwarding addresses to the SeNB in the SeNB Release
Confirm message. The SeNB may start data forwarding and stop providinguserdatato the UEas early as it

receives the SeNB Release Confirmmessage.

3/4. Ifrequired, the MeNB indicates in the RRCConnectionReconfiguration message towards the UEthat the UE
shallrelease the entire SCG configuration. In case the UEis unable to comply with (part of) the configuration
included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.

NOTE: If data forwarding is applied, timely coordination between steps 2 and 3 may minimize gaps in service
provision. This is however regarded to be an implementation matter.

5/6.  Data forwarding fromthe SeNBto the MeNB takes place.
7. Ifapplicable, the pathupdate procedure is initiated.

8. Uponreception ofthe UE Context Release message, the SeNB can releaseradio and C-plane related res ource
associatedto the UEcontext. Any ongoing data forwarding may continue.

10.1.2.8.4 Change of SeNB

The change of SeNB procedure is initiatedby MeNB and used to transfera UE context froma source SeNBto a target
SeNB and to change the SCGconfiguration in UE from one SeNB to another.
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UE MeNB S-SeNB T-SeNB S-GW MME

1. SeNB Addition Request

__ 2. SeNB Addition Request Acknowledge

3. SeNB Release Request

4. RRCConnectionReconfiguration

5. RRCConnectionReconfigurationComplete

6. SeNB Reconfiguration Complete

7. Random Access Procgedure/ RACH-less SeNB change

8a. SNStatus Transfer

15. UE Context Release

Figure 10.1.2.8.4-1: Change of SeNB

Figure 10.1.2.8.4-1 shows an example signalling flow forthe Change of SeNB:

1/2.  The MeNBinitiates the change of SeNB by requesting the target SeNBto allocateresources forthe UEby
means ofthe SeNB Addition Preparation procedure. MeNB includes the SCGconfiguration ofthe old SeNBin
the SeNB Addition Request. If forwarding is needed, the target SeNB provides forwarding addresses tothe
MeNB.

If RACH-less SeNB Change is configured, the target SeNB includes timing adjustment indication and optionally
a preallocated uplink grant in the container.

3. Iftheallocation oftarget SeNBresources was successful, the MeNB initiates the release of the source SeNB
resources towards the UEand the source SeNB. In case Make-Before-Break SeNB change is configured, the
source SeNB decides when tostop transmitting to the UE. If data forwarding is needed the MeNB provides data
forwarding addresses to the source SeNB. Either direct data forwarding orindirectdata forwarding is used for
SCG bearer. Only indirect data forwardingis used for Split bearer. Reception ofthe SeNB Release Request
messagetriggers thesource SeNB to stop providinguserdatato the UEand, ifapplicable, to start data
forwarding.

4/5. The MeNBtriggers the UEto apply the new configuration. The MeNB indicates the new configurationin the
RRCConnectionReconfiguration message towards the UE. In case the UEis unable to comply with (part of) the
configurationincluded in the RRCConnectionReconfiguration message, it performs the reconfiguration failure
procedure.

If Make-Before-Break SeNB change is configured, the connectionto thesource SeNB is maintained after the
reception of RRCConnectionReconfiguration message with mobilityControllnfoSCG beforethe UE executes
initial uplink transmission to the target cell.

NOTE: The UE can be configured with Make-Before-Break SeNB change and RA CH-less SeNB change
simultaneously.

6. Ifthe RRC connectionreconfiguration procedure was successful, the MeNB informs the target SeNB.

7. The UE synchronizes to the target SeNB.

If RACH-less SeNB Change is configured, the preallocated uplink grant may be included in the
RRCConnectionReconfiguration message. Ifthe preallocated uplink grantis not included, the UE should monitor
PDCCH ofthe target SeNB foruplink grant. The SeNB Change procedure is completed forthe UEwhen the UE

receives the UE contentionresolutionidentity.
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8/9. Ifapplicable, data forwarding fromthe source SeNB takes place. It may be initiated as early as the source
SeNB receives the SeNB Release Request message fromthe MeNB.

10-14. If one ofthe bearer contexts was configured with the SCG bearer option at the source SeNB, path update is
triggered by the MeNB.

15. Upon reception ofthe UE Context Release message, the source SeNB can release radio and C-plane related
resourceassociated to the UE context. Any ongoing data forwarding may continue.

10.1.2.8.5 MeNB to eNB Change

The MeNB to eNB Change procedure is used to transfer context data froma source MeNB/SeNB to a target eNB.

UE S-MeNB S-SeNB T-eNB S-GW MME

1. Handover Request

2. Handover Request Ackngwledge

<
<€

3. SeNB Release Request

>

RRCConnectionReconfiguration

4

‘5. Random Access Procedure|

6. RRCConnectionReconfigurationComplete

__7a. SNStatus Transfer
7b. SNStatus Transfer

8. Data Forwarding

,,,,,,,,,,,,,,,,,,,,,,,,, >
9. Path Switch Request -
_,10. Bearer Modication |
11.EndMarkerPacket [~~~ ~ " " T T T T T T T T T T T T T T T
,,,,,,,,,,,,,,,,,,,,,,,,, >
12. New Path
DR AL
13. Path Swtich Request Acknowledge .

14. UE Context Release | e T

15. UE Context Release

Figure 10.1.2.8.5-1: MeNB to eNB Change procedure

Figure 10.1.2.8.5-1 shows an example signalling flow forthe MeNB to eNB Change procedure:

1. ThesourceMeNBstarts the MeNB to eNB Change procedure by initiating the X2 Handover Preparation
procedure. The source MeNB includes the SCGceonfiguration in the HandoverPreparationlnformation.

2. Thetarget eNBincludes thefield in HO command which releases SCG configuration,and may also provide
forwarding addresses to the source MeNB. The addition ofan SeNB can be initiated only after completing HO.

3. Iftheallocation oftargeteNBresources was successful, the MeNB initiates the release of the source SeNB
resources towards thesource SeNB. If data forwarding is needed, the MeNB provides data forwarding addresses
to the source SeNB. Either direct data forwarding or indirect data forwarding is used for SCG bearer. Only
indirect data forwarding is used for Split bearer. Reception ofthe SeNB Release Request message triggers the
source SeNBto stop providinguser datato the UEand, if applicable, to start data forwarding.

4. The MeNBtriggers theUEto apply the new configuration. Upon receiving the new configuration, the UE
releases the entire SCG configuration.

5/6.  The UE synchronizes to the target eNB.

7/8. Ifapplicable, data forwarding fromthe source SeNB takes place. It may start as early as thesource SeNB
receives the SeNB Release Request message fromthe MeNB.

9-13. Thetarget eNBinitiates the S1Path Switch procedure.
14. The target eNB initiates the UE Context Release procedure towards the source MeNB.

15. Upon reception ofthe UECONTEXT RELEASE message, the S-SeNB can release radio and C-plane related
resourceassociated to the UE context. Any ongoing data forwarding may continue.
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10.1.2.8.6 SCG change

"SCG change" refers to a synchronous SCGreconfiguration procedure towards the UEinvolving randomaccess on
PSCell. This procedureis usedto establish SCG, and can be used to reconfigurethe SCGconfiguration. During SCG
change, MAC configured for SCGis reset and RLC configured for SCGis re-established regardless ofthe bearer
type(s) established on SCG. For SCG bearer, PDCP configured for SCG s re-established. In caseofreconfiguration
from split to MCG bearer, RLC configured for SCGis released. During SCGchange, S-KeNBkey is refreshed. To
performSCG change within the same SeNB, the SeNB Modification procedure as described in section 10.1.2.8.2 is
used andin this case, thepath switch and data forwarding for DRB on SCG may be suppressed. To performSCG
change between different SeNBs, the change of SeNB as described in section 10.1.2.8.4 is used.

10.1.2.8.7 eNB to MeNB change

The eNB to MeNB change procedure is used to transfer context data froma source eNB to a target MeNB that adds an
SeNB during the handover.

source target target
eNB SeNB MeNB

1. Handover Request

UE S-GW MME

>

2. SeNB Addition Request

3. SeNB Addition Request Ack

_ 4. Handover Request Acknoyledge

-

5. RRCConnectionReconfiguration

<
6. Random Access Procedure

7. RRCConnectionReconfigurationComplete

8. Random Access Procedure

<
-

9. SeNB Reconfiguration Conmplete

10. SN Status Transfer

e -Ufseoeie oo g
12. Path Switch Request
13. Bearer Modification
14a]New Path (splitMCG bearer) [ >
'@ ———— — — — — — — — | 14b._New Path (SCG bearer)

_ 15. Path Swtich Request Acknowledge

6. UE Context Release

1

Figure 10.1.2.8.7-1: eNB to MeNB change

Figure 10.1.2.8.7-1 shows an example signaling flow foreNB to MeNB change:
1. ThesourceeNBstarts thehandover procedure by initiating the X2 Handover Preparation procedure.

2. Thetarget MeNBsends SeNB Addition Requestto thetarget SeNB.

3. Thetarget SeNBreplies with SeNB Addition Request Acknowledge. If data forwarding is needed, the target
SeNB provides forwarding addresses to the target MeNB.

4. Thetarget MeNB includes within the Handover Request A cknowledge messagea transparent container to be
sent to the UEas an RRC messageto performthe handover which also includes the SCGconfiguration, and may
also provide forwarding addresses to thesource eNB. Either direct data forwarding or indirect data forwarding is

used for SCG bearer. Only indirect data forwarding is used for split bearer.
5. ThesourceeNBtriggers the UEto apply the new configuration.

6/7. The UE synchronizes to the target MeNB and replies with RRCConnectionReconfigurationComplete
message.

8. The UE synchronizes to the target SeNB

9. Ifthe RRC connectionreconfiguration procedure was successful, the target MeNB informs the target SeNB.
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10/11. Data forwarding fromthe source eNB takes place.

12-15. The target MeNB initiates the S1 Path Switch procedure.

NOTE: IfnewUL TEIDs ofthe S-GW are included, the target MeNB performs MeNB initiated SeNB

Modification procedureto provide themto the target SeNB.

16. The target MeNB initiates the UE Context Release procedure towards the source eNB.
10.1.2.8.8 Inter-MeNB handover without SeNB change

Inter-MeNB handover without SeNB changeis used to transfer context data froma source MeNB to a target MeNB
while the context at the SeNB is kept.

UE source SeNB target

MeNB MeNB e LSS

1. Handover Request -

2. SeNB Addition Request

3. SeNB Addition Request Ack|

_ 4. Handover Request Acknowledge

5. SeNB Release Request

6. RRCConnectionReconfiguration

7. Random Access Procedute

A

vy

8. RRCConnectionReconfigurationComplete

9. Random Access Procedure

A

10. SeNB Reconfiguration Complete

A

11. SN Status Transfer o
12. Data Forwardil

13. Path Switch Request

vy

14. Bearer Modification

15. New Path (split/MCG bearer)

16. Path Swtich Request Acknowledge

_17. UE Context Release

18. UE Context Release

Figure 10.1.2.8.8-1: Inter-MeNB handover without SeNB change

Figure 10.1.2.8.8-1 shows an example signaling flow for inter-MeNB handover without SeNB change:

L.

The source MeNB starts thehandover procedure by initiating the X2 Handover Preparation procedure. The
source MeNB includes the SCG configuration in the HandoverPreparationinformation. The source MeNB
includes the SeNB UE X2APID and SeNBID as areference to the UEcontext in the SeNB that was established

by the source MeNB in the Handover Request message.

If the target MeNB decides to keep the SeNB, the target MeNB sends SeNB A ddition Requestto the SeNB
including the SeNB UE X2APID as areference to the UE context in the SeNB that was established by the

source MeNB.
The SeNB replies with SeNB Addition Request A cknowledge.

The target MeNB includes within the Handover Request A cknowledge messagea transparent containerto be
sent to the UEas an RRC messageto performthe handover which also includes the SCGconfiguration, and may
also provide forwarding addresses to thesource MeNB. The target MeNB indicates to the source MeNB thatthe
UE context in the SeNB s kept if the target MeNB and the SeNB decided to keep the UE context in the SeNB in
step 2and step 3.

The sourceMeNB sends SeNB Release Request to the SeNB. The source MeNB indicates to the SeNB that the
UE context in SeNB is kept. If the indication as the UE context kept in SeNB s included, the SeNB keeps the

UE context.

The sourceMeNB triggers the UEto apply the new configuration.
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7/8.  The UE synchronizes to the target MeNB and replies with RRC ConnectionReconfigurationComplete
message.

9. The UE synchronizes to the SeNB.
10.If the RRC connectionreconfiguration procedure was successful, the target MeNB informs the SeNB.

11/12. Data forwarding fromthe source MeNB takes place. Data forwarding may be omitted for SCG bearers.
Direct data forwarding fromthe source MeNB to the SeNB is not possible for split bearers.

NOTE: Direct data forwarding may occur only for bearertype change.
13-16. The target MeNB initiates the S1 Path Switch procedure.

NOTE: IfnewUL TEIDs ofthe S-GW are included, the target MeNB performs MeNB initiated SeNB
Modificationprocedureto provide themto the SeNB.

17. The target MeNB initiates the UE Context Release procedure towards the source MeNB.

18. Upon reception ofthe UE Context Release message, the SeNB can release C-plane related res ource associated to
the UE context towards thesource MeNB. Any ongoing data forwarding may continue. The SeNBshallnot
release the UEcontext associated with the target MeNB if the indication was included in the SeNB Release
Requestinstep 5.
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10.1.2.8.9 Addition of a hybrid HeNB as the SeNB

UE MeNB SeNB MME S-GW
|

1a.The UE detects a candidate hybrid
CSG cell and reads the CSG-Identity.

1b.The UE receives BCCH system information from the candidate cell.

1c. Measurement Report
(csg-MemberStatus,
CSG-Identity of reported cell)

|

2. SeNB Addition Request
(CSG Membership Status)

3. SeNB trusts Membership
Status stemming from the UE

‘4. SeNB Addition Request Acknowledge
5. RRC Connection Reconfiguration

6. SeNB REconfiguration Complete

7. Random Access

I For SCG bearers
8a. E-RAB Madification Indication ‘
(CSG Membership Status, CSG ID,Access Mode IEs) o

' (CSG Membership Status IE)

I

I

|

I

I 9a. E-RAB Modification Confirm
I

|

— e —— —— — — —— —— —— —— ——— —— —— —— —— —— —— —— —— —— — — — — — — — —

— - =

For split bearers
8b. UE Context Modification Indication
(CSG Membership Status, CSG ID, Access Mode IEs)

|
|
' 9b. UE Context Modification Confirm |
|
|

CSG Membership Status IE)

I______,

In case the CSG Membership Status returned by the MME is different from
what reported by the UE

10. SeNB Modification Request
(CSG Membership Status IE)

11. SeNB Modification Request Acknowledge

12. SeNB updates its UE context

[
13. SeNB may downgrade UE to
non-member, disconnect it, etc.

Figure 10.1.2.8.9-1: Addition of a hybrid cell as serving cell of the SeNB

Figure 10.1.2.8.9-1 shows the signalling flow forthe addition ofthe hybrid cell as serving cell ofthe SeNB procedure:
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la. The UE is connected toan MeNB and detects a potential candidate cell for dual connectivity.

1b.The UE reads SystemInformation fromthe candidate cell (csg-Indication, csg-Identity).

lc. The MeNBreceives CSGrelated information fromthe UE (csg-MemberStatus, csg-Identity).

2. The MeNBinitiates the SeNB Addition preparation procedure including Memebership Status ofthe UEin the

hybrid HeNB.

3. The SeNB takes the membership information provided by theMeNB into account(evenifthis was not yet
verified with the MME).

4-7.
8/9.

No difference to the SeNB A ddition Preparation procedure as describedin 10.2.1.1.

For SCG bearer, the MeNB triggers the E-RAB Modification Indication procedure.

Forsplit bearer, the MeNB triggers the UE Context Modification Indication procedure.

The MeNB requests the MMEto verify the membership status ofthe UE forthe CSG-ID reportedby the UE.

10-13. If the result ofthe membership verificationrequires an update ofthe UE context at the SeNB, the MeNB
triggers the MeNB initiated SeNB Modification Preparation procedure. If the membership verification fails, it is

up to the SeNBto decide on furtheractions.

10.1.2.9
10.1.2.9.1

LWA mobility

Inter-eNB handover without WT change

Inter-eNB handover without W T change is usedto transfer context datafroma source eNBto a target eNB while the

LW A connectivity is kept.

UE

Source
eNB
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Target
eNB

MME

LWA is activated for the UE

1. Handover Request with LWA cgnfiguration

Legend
L3 signalling

) J

UL User Data

2. WT Addition Request

<

3. WT Addition Request Ack.

»
|

icator to keep LWA configuration

‘5. RRC Connection Reconfig. with mobilityControlinfo

“6a. UL 9nd mark@r packet .

_4. Handover Request AcK with ind

| 6b. UL end marker packet

6¢. DL end marker packet
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8. Random Access Procedure
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9. RRC Connection Reconfiguratign Complete
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13. UE Context Release

<

11. Path Switch Request
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%
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Figure 10.1.2.9-1: Handover without WT change
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1. ThesourceeNBstarts thehandover procedure by initiating the X2 Handover Preparation procedure. The source
eNB includes the LW A configurationin the HANDOVER REQUEST: the Mobility Set currently valid forthe
UE, the WT UE XwAP ID and WT ID as areference to the UEcontext in the WT that was established by the

source eNB.

2. Ifthetarget eNBdecidesto keep the LW A connection, the target eNB sends WT ADDITION REQUEST to the
WTincluding the WT UEXwWAP ID as areference to the UEcontext in the WT that was established by the
source eNB. The WT shalluse this information to check ifthe UE context is present.

3. Ifsuccessful,the WT replies with WT ADDITION REQUEST ACKNOW LEDGE.

4. Ifboth,thetarget eNBand the WT decided to keep the LW A connection in steps 2 and 3 respectively, the target
eNB sends the HANDOVER REQUEST ACKNOW LEDGE message, which includes the LW A configuration
and the UELW A Context Kept Indicator, and may also provide forwarding addresses tothe source eNB.

5. ThesourceeNBtriggers the UEto apply the new configuration.

6a. Afterthe UE applies the targeteNB PDCP keys contained in the handover command for UL, the UL end marker
packetis sentto WT.

NOTE: The UE can changethe DLand UL encryptionkeys at differenttimes sinceit can receive an end marker
packet at a different time than changing the PDCP key for UL.

6b.WT forwards the UL end marker packet to the source eNB. IfWT is able to distinguish the UL end marker
packet, it may also forward the end marker packet to target eNB.

6¢c. When thesource eNBhas sentthe last DLpacket to UE, it sends a DL end marker packet to the UE. When UE
receives theend marker packet, it starts using thetarget eNB PDCP keys fordecodingof DL packets.

NOTE: The DL end marker packet should be sentbeforethe UE completes the handover, i.e. before step 9.

7. ThesourceeNBsendsthe WT ReleaseRequest tothe WT, indicating whether the UE context has been matched
at the target. The W Tkeeps therelevant partofthe UE context based onthe identification information provided

from the target eNBat step 2.

NOTE: ThesourceeNBmay postponesendingthe WT Release Request untilthe UECONTEXT RELEASE is
received in step 12.

8-9.  The UE synchronizes to the target eNB and replies with RRC ConnectionReconfigurationComplete message.
10. The sourceeNB forwards the SN status to thetarget eNB.

11-12. The target eNB initiates the S1 Path Switch procedure.

13. The target eNBinitiates the UE Context Release procedure towards the source eNB.

NOTE: Some time afterthe handover without WT change procedure, the target eNB may provide the UEand the
WT with new WLAN security information. Based on this information, the UEre-authenticates itselfin
the WLANnetwork.

User plane aspects:

Before the sourceeNB initiates the W T Release Request, the W Tis configured with bearer tunnels to both source and
target eNB (after WT Additionby the target eNB).

In the downlink, the source eNB forwards end marker packets immediately after the last data packets sent to the WT for
a particular bearer, and the W T forwards packets received fromeither eNB towards the UE. The end marker packets
may beused bythe UEto switch the PDCP key.

In the uplink, the UEinserts end marker packets to indicate thekey switch. The W Tmay use theend marker packets to
infer which packets should be forwarded to sourceeNB or target eNB. The source eNB may use the end marker packets
to infer which packets it should process or discard while the source Xw-u tunnel is operational. The target eNB
processes allreceived packets.
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10.1.2.10 EN-DC Operation
Procedures to support EN-DC Operation are described in TS 37.340 [76].

10.1.3 Measurements

Measurements to be performed by a UE for intra/inter-frequency mobility can be controlled by E-UTRAN, using
broadcast or dedicated control. In RRC IDLE state, a UE shall follow the measurement parameters defined for cell
reselection specified by the EEUTRAN broadcast. The use of dedicated measurementcontrol for RRC IDLE state is
possible through the provision of UE specific priorities (see sub-clause 10.2.4). In RRC_CONNECTED state,a UE
shall follow the measurement configurations specified by RRCdirected fromthe EEUTRAN (e.g. as in UTRAN

MEASUREMENT CONTROL).

In RRC IDLE and RRC_CONNECTED the UE may be configured to monitor some UTRA or E-UTRA carriers
accordingto reduced performancerequirements as specified in TS 36.133 [21].

For CSI-RS baseddiscovery signals measurements, "cell" should be interpreted as "transmission pointofthe concerned
cell" in the following descriptions.

Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as
follows:

- Intra-frequency neighbour (cell) measurements: Neighbour cellmeasurements performed by the UE are intra-
frequency measurements when the current and target cell operates onthe same carrier frequency.

- Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-
frequency measurements when theneighbour cell operates on a different carrier frequency, compared to the
current cell.

Whether a measurement is non gap assisted or gap assisted depends on the UE's capability and the currentoperating
frequency. In non gap assisted scenarios, the UEshallbe able to carry out suchmeasurements without measurement
gaps. In gap assisted scenarios, the UEshould notbe assumed to be able to carry out suchmeasurements without
measurement gaps. The UE determines whether a particular cellmeasurementneeds to be performed in a

transmis sion/reception gap and the scheduler needs to know whether gaps are needed:

- Same carrier frequency and cellbandwidths (Scenario A): an intra-frequency scenario; not measurement gap
assisted.

- Same carrier frequency, bandwidth ofthe targetcell smaller than the bandwidth ofthe current cell (Scenario B):
an intra-frequency scenario; notmeasurement gap as sisted.

- Same carrier frequency, bandwidth ofthe targetcell larger than the bandwidth ofthe current cell (Scenario C):
an intra-frequency scenario; notmeasurement gap assisted.

- Different carrier frequencies, bandwidth ofthe target cell smaller than the bandwidth ofthe currentcelland
bandwidth ofthe targetcell within bandwidth ofthe current cell (Scenario D): an inter-frequency scenario;

measurement gap-assisted scenario.

- Different carrier frequencies, bandwidth ofthe target cell larger than thebandwidth ofthe current celland
bandwidthofthe currentcell within bandwidth ofthe target cell (Scenario E): an inter-frequency scenario;
measurement gap-assisted scenario.

- Different carrier frequencies and non-overlapping bandwidth, (Scenario F): an inter-frequency scenario;
measurement gap-assisted scenario.

- Same carrier frequency, theoperating frequency ofthe bandwidthreduced low complexity (BL) UE orthe UE in
Enhanced Coverageis not guaranteed to be aligned with the center frequency ofthe current cell (Scenario G): an
intra-frequency scenario; measurement gap assisted scenario.
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Figure 10.1.3-1: Inter and Intra-frequency measurements scenarios

Measurement gaps patterns are configured and activated by RRC.

When CA is configured, the "currentcell" above refers to any serving cell ofthe configured setofservingcells. For
instance, for the definition ofintra and inter frequency measurements, this means:

- Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-
frequency measurements when one ofthe serving cells ofthe configured setand the targetcell operates on the
same carrier frequency. The UEshallbe able to carry out such measurements without measurement gaps.

- Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-
frequency measurements when theneighbour cell operates on a different carrier frequency thanany serving cell
of the configuredset. The UEshould notbe assumed to be able to carry out such measurements without
measurement gaps.

When DCis configured, the following principles are applied:
- The configured set of servingcells includes all the cells from MCG and SCG as for CA;
- The measurementprocedureofservingcells belongingto the SeNB shallnot be impacted due to RLF of SeNB;

- Common gap forthe MeNB and the SeNB is applied;

- Thereis only asingle measurementgap configuration for the UEwhich is controlled and informed by the
MeNB.

- UE determines the starting point ofthe measurement gap based on the SFN, subframe number and subframe
boundaries ofthe MCGservingcells.

When LAA is configured:

- TheeNB configures the UEwith one DMTC window forall neighbor cells as wellas forthe servingcell (if any)
on one frequency;
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- The UEis only expected to detect and measurecells transmitting DRS during the configured DRS DMTC
window;

- Forchannelselectionin an environment where hiddennodes may exist, UE may be configured with one RMTC
pera frequency to performRSSI measurement, and to reportaverage RSSIand channel occupancy (percentage
of measurementsamples that RSSIvalue is above a threshold) in a reporting interval.

10.1.3.1 Intra-frequency neighbour (cell) measurements

In asystemwith frequency reuse = 1, mobility within the same frequency layer (i.e. between cells with the same carrier
frequency)is predominant. Good neighbour cell measurements are needed for cells thathave the same carrier frequency
as the serving cellin orderto ensure good mobility support and easy network deployment. Search forneighbour cells
with the same carrier frequency as theserving cell, and measurements ofthe relevant quantities for identified cells are

needed.

NOTE: Toavoid UE activity outside the DRX cycle, the reporting criteria for neighbour cell measurements
should match the used DRX cycle.

10.1.3.2 Inter-frequency neighbour (cell) measurements

Regarding mobility between different frequency layers (i.e. between cells with a different carrier frequency), UEmay
need to performneighbour cell measurements during DL/ULidle periods that are provided by DRX or packet

scheduling (i.e. gap assisted measurements).
10.1.4 Paging and C-plane establishment

Paging groups (where multiple UEs can be addressed) are used on PDCCH:
- Precise UE identity is found on PCH;
- DRX configurable via BCCH and NAS, for NB-IoT DRX configurable via BCCH only;
- Only one subframe allocated per paging interval per UE;
- Thenetwork may divide UEs to different paging occasions in time;
- Thereis no grouping within paging occasion;
- Onepaging RNTI for PCH.
When extended DRX (eDRX) is used in idle mode, the following are applicable:

- TheDRX cycleis extended up to and beyond 10.24s in idle mode, with a maximum value 0£2621.44 seconds
(43.69 minutes); For NB-IoT, the maximum value ofthe DRX cycle is 10485.76 seconds (2.91 hours);

- Thehyper SFN (H-SFN) is broadcastby thecelland increments by onewhen the SFN wraps around;

- Paging Hyperframe (PH) refers to the H-SFN in which the UE starts monitoring paging DRX during a Paging
Time Window (PTW)used in ECM-IDLE. The PH is determined based on a formula that is known by the MME,
UE and eNBas a function ofeDRX cycle and UEidentity;

- During the PTW, the UEmonitors paging for the duration ofthe PTW (as configured by NAS) oruntila paging
messageis including the UE’s NAS identity received for the UE, whichever s earlier. The possible starting
offsets forthe PTW are uniformly distributed within the PH and defined in TS 36.304 [11];

- MMEuses the formulas definedin TS 36.304 [11] to determine the PH as well as the beginning ofthe PTW and
sendstheS1paging request justbefore the occurrence ofthestart of PTW or during PTW to avoid storing

paging messages in the eNB;

- ETWS,CMAS,PWSrequirement may not be met when a UEis in eDRX. For EAB, if the UE supports SIB14,
when in extended DRX, it acquires SIB14 before establishing the RRC connection;

- WhentheeDRX cycle is longerthanthesysteminformation modification period, the UE verifies that stored
systeminformation remains valid before establishing an RRC connection. Paging message can be used for
systeminformation change notification, when including systeminfoModification-e DRX, for a UE configured with
eDRX cycle longerthanthe systeminformation modification period.
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ForNB-IoT, UE in RRC IDLE receives pagingon the anchor carrier oron anon anchor carrierbased on system
information.

10.1.5 Random Access Procedure

The randomaccess procedure is characterized by:

- Common procedure for FDD and TDD;

- Oneprocedure irrespective of cell size and the number of serving cells when CA is configured,;
The randomaccess procedure is performed forthe following events related to the PCell:

- Initial access fromRRC IDLE;

- RRC Connection Re-establishment procedure, as definedin TS 24.301 [20];

- Handover, except for NB-IoT or when RACH-less HO is configured;

- DL dataarrivalduring RRC_CONNECTED requiring randomaccess procedure:

- E.g. when UL synchronisation status is "non-synchronised".
- UL dataarrivalduring RRC_CONNECTED requiring randomaccess procedure:

- E.g. when UL synchronisation status is "non-synchronised" or thereare no PUCCH resources for SR
available.

- Forpositioning purpose during RRC_CONNECTED requiring randomaccess procedure:
- E.g. when timing advanceis needed for UE positioning.
The randomaccess procedure is also performed on a SCellto establish time alignment for the correspondingsTAG.

In DC, the randomaccess procedure is also performed on at least PSCellupon SCGaddition/modification, ifinstructed,
orupon DIL/ULdata arrival during RRC_CONNECTED requiring randomaccess procedure. The UEinitiated random

access procedure is performed only on PSCell for SCG.
Furthermore, the randomaccess procedure takes two distinct forms:
- Contention based (applicable to all six events, butthe sixth event for positioning is applicable for NB-IoT only);

- Non-contention based (applicable to only handover, DL data arrival, positioning and obtaining timing advance
alignment forasTAG).

Normal DL/UL transmission cantake placeafterthe randomaccess procedure.

An RN supports both contention-based and non-contention-based randomaccess. When an RN performs the random
access procedure, it suspends any current RN subframe configuration, meaning it temporarily disregards the RN
subframe configuration. The RN subframe configuration is resumed at successful randomaccess procedure completion.

ForNB-IoT, the randomaccess procedure is performed onthe anchor carrier oron a non anchor carrierbased onsystem
information.

10.1.51 Contention based random access procedure

The contentionbased randomaccess procedureis outlined on Figure 10.1.5.1-1 below:
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UE eNB

Random Access Preamble——

l«—Random Access Response————— @

Scheduled Transmission————p|

[¢——Contention Resolution—— @

Figure 10.1.5.1-1: Contention based Random Access Procedure

The foursteps ofthe contention based randomaccess procedures are:

1) RandomAccess Preamble on RACH in uplink:

2)

3)

There are two possible groups defined and one is optional. Ifboth groups are configured the size of message
3 and the pathloss are used to determine which group a preamble is selected from. The groupto whicha
preamble belongs provides an indication ofthe size ofthe message 3 and the radio conditions at the UE. The
preamble group informationalong with the necessary thresholds are broadcast on systeminformation.

RandomAccess Response generated by MA C on DL-SCH:

Semi-s ynchronous (within a flexible window of which the size is one ormore TTI) with message1;
No HARQ;
Addressedto RA-RNTIon PDCCH,;

Conveys at least RA -preamble identifier, Timing Alignment information for the pTAG, initial UL grant and
assignmentof Temporary C-RNTI (which may or may not be made permanentupon Contention Resolution);

Intended fora variable number of UEs in one DL-SCH message.

First scheduled UL transmission on UL-SCH:

Uses HARQ;

Size ofthe transport blocks depends on the UL grant conveyed in step 2.

Forinitial access:

- ConveystheRRC Connection Request generated by the RRC layer and transmitted via CCCH,;
- Conveysat least NAS UEidentifierbut no NAS message;

- RLC TM: no segmentation.

ForRRC Connection Re-establishmentprocedure:

- Conveysthe RRC Connection Re-establishment Request generated by the RRC layer and transmitted via
CCCH;

- RLC TM: no segmentation;

- Does not contain any NA S message.
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4

Afterhandover, in the target cell:

- Conveystheciphered and integrity protected RRC Handover Confirmgenerated by the RRC layerand
transmitted via DCCH;

- Conveysthe C-RNTIof the UE (which was allocated via the Handover Command);

- Includes anuplink Buffer Status Report whenpossible.

Forotherevents:

- Conveysat least the C-RNTI of the UE;

In the procedure to resume the RRC connection:

- ConveystheRRC Connection Resume Request generated by the RRClayerand transmitted via CCCH,;
- ConveysaResume IDto resume the RRC connection;

ForNB-IoT:

- In the procedure to setupthe RRC connection:

- Anindication oftheamount of data for subsequent transmission(s) on SRBor DRB can be indicated.

Contention Resolutionon DL:

Early contentionresolutionshallbe usedi.e. eNBdoes notwait for NAS reply before resolving contention;
Not synchronised with message 3;

HARQ is supported;

Addressedto:

- The Temporary C-RNTIon PDCCH for initial access and after radio link failure;

- The C-RNTI on PDCCH for UE in RRC_CONNECTED.

HARQ feedback is transmitted only by the UEwhich detects its own UE identity, as provided in message 3,
echoed in the Contention Resolution message;

Forinitial access and RRC Connection Re-establishment procedure, no segmentationis used (RLC-TM).

The Temporary C-RNTIis promoted to C-RNTI for a UE which detects RA success and does notalready have a C-
RNTTL; it is dropped by others. A UEwhich detects RA success and already has a C-RNTI, resumes usingits C-RNTL

When CA is configured, the first three steps ofthe contention based randomaccess procedures occur onthe PCell while
contentionresolution (step4) can be cross-scheduled by the PCell.

When DCis configured, the first three steps ofthe contention based randomaccess procedures occur onthe PCellin
MCG and PSCell in SCG. When CA is configuredin SCG, the first three steps ofthe contentionbased randomaccess
procedures occur onthe PSCell while contention resolution (step 4) can be cross-scheduled by the PSCell.

10.1.5.2

Non-contention based random access procedure

The non-contentionbased randomaccess procedureis outlined on Figure 10.1.5.2-1 below:
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UE eNB

@ [€«——RA Preamble assignment:

Random Access Preamble——| @

@ l«———Random Access Response————

Figure 10.1.5.2-1: Non-contention based Random Access Procedure

The three steps ofthe non-contention based randomaccess procedures are:
0) RandomA-ccess Preamble assignment via dedicated signalling in DL:

- eNBassignsto UEa non-contention Random A ccess Preamble (a Random A ccess Preamble not within the
set sentin broadcastsignalling).

- Signalled via:
- HO command generated by target eNB and sent via source eNB forhandover;
- PDCCH in case of DL data arrival or positioning;
- PDCCH for initial UL time alignment forasTAG.
1) RandomAccess Preamble on RACH in uplink:
- UE transmits the assigned non-contention Random A ccess Preamble.
2) RandomAccess Response on DL-SCH:
- Semi-synchronous (within a flexible window of which the size is two or more TTIs) with message 1;
- NoHARQ;
- Addressedto RA-RNTIon PDCCH,;
- Conveysat least:
- Timing Alignment information and initial UL grant forhandover;
- Timing Alignment information for DL data arrival;
- RA-preamble identifier;
- Intended for one ormultiple UEs in one DL-SCH message.

When performing non-contention based randomaccess on the PCell while CA is configured, the Random A ccess
Preamble assignment via PDCCH of'step 0,step 1 and 2 of the non-contention based randomaccess procedure occur on
the PCell. In orderto establishtiming advance fora sTAG,the eNB may initiate a non-contention based randomaccess
procedure with a PDCCH order (step 0) that is sent on a scheduling cellofactivated SCell of the sSTAG. Preamble
transmission (step 1)is on the indicated SCelland Random A ccess Response (step 2) takes place on PCell.

When performing non-contention based randomaccess on the PCell or PSCell while DC is configured, the Random
Access Preamble assignmentvia PDCCH of step 0, step 1 and 2 ofthe non-contention based randomaccess procedure
occuron the corresponding cell. In order to establish timing advance fora s TAG, the eNB may initiate a non-contention
based randomaccess procedure with a PDCCH order (step 0) that is sent on a scheduling cellofactivated SCell of the
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sTAGnotincluding PSCell. Preamble transmission (step 1) is on the indicated SCell and Random A ccess Response
(step 2) takes place on PCell for MCG and PSCell for SCG.

10.1.5.3 Interaction model between L1 and L2/3 for Random Access Procedure

Randomaccess procedure described above is modelled in Figure 10.1.5.3-1 below from L1 and L2/3 interaction point
of view. L2/L3 receives indication fromL1 whether ACK is received or DT X is detected after indication of Random
Access Preamble transmissionto L1.1.2/3 indicates L1 to transmit first scheduled UL trans mission (RRC Connection
Requestin case ofinitial access) if necessary or Random A ccess Preamble based onthe indication fromL1.

ACK (“Random . L2/L3 indicates “RRC
L2/L3 indi “Rand Access Response” - YL [eedivee » Connection Request”

Mo Plells el L1 transmits “Random " | indication from L1 o
Access Preamble —

» reception) transmission
L Access Preamble
transmission

L2/L3 procedure

DTX reception (No L2/L3 receives L2/L3 indicates

“Random Access < » “Random Access
indication from L1 ” Bmrtl
Preamble” transmission

L1 procedure Response” reception)

Figure 10.1.5.3-1: Interaction model between L1 and L2/3 for Random Access Procedure

10.1.6 Radio Link Failure

Two phases governthe behaviour associated to radio link failure as shown onFigure 10.1.6-1:
- Firstphase:
- startedupon radio problemdetection;
- leads toradio link failure detection;
- no UE-based mobility;
- based ontimerorother(e.g. counting) criteria (T}).
- Second Phase:
- startedupon radio link failure detection or handover failure;

- leads to RRC IDLE;

- UE-based mobility;
- Timer based(T>).
< First Phase Second Phase >
radio
normal operation CICUM  no recovery during Ty no recovery during T, goes back to idle
detection

( RRC_CONNECTED X RRC_IDLE >

radio link failure

Figure 10.1.6-1: Radio Link Failure

Table 10.1.6-1 below describes how mobility is handled with respect to radio link failure:
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Table 10.1.6-1: Mobility and Radio Link Failure

Cases First Phase Second Phase T2 expired
UE returns to the same cell | Continue as if no radio | Activity is resumed by means Go via RRC_IDLE
problems occurred of explicit signalling betw een
UE and eNB
UE selects a different cell N/A Activity is resumed by means Go via RRC_IDLE
from the same eNB of explicit signalling betw een
UE and eNB
UE selects a cell of a N/A Activity is resumed by means Go via RRC_IDLE
prepared eNB (NOTE) of explicit signalling betw een
UE and eNB
UE selects a cell of a NA Go via RRC_IDLE Go via RRC_IDLE
different eNB that is not
prepared (NOTE)
NOTE: a prepared eNB is an eNB w hich has admitted the UE during an earlier executed HO preparation phase,
or obtains the UE context during the Second Phase.

Fora NB-IoT UE that only uses Control Plane CloT EPS optimizations, as defined in TS 24.301 [20], at the end ofthe
first phase,theUEenters RRC IDLE (there is no second phase).

In the Second Phase, in orderto resume activityandavoid going via RRC_IDLE when the UE returns to the same cell
or when the UEselects a different cell from the same eNB, or when the UE selects a cell from a different eNB, the

following procedure applies:
- The UE staysin RRC_CONNECTED;

- The UE accesses thecell through the randomaccess procedure;

- The UEidentifierused in the randomaccess procedure for contention resolution (i.e. C-RNTI of the UE in the
cell where the RLF occurred +physical layeridentity ofthat cell+short MA C-I based on the keys ofthatcell) is
used by the selected eNB to authenticate the UEand check whether it has a context stored for that UE:

- IftheeNB finds a context thatmatches the identity ofthe UE, or obtains this context fromthe previously
serving eNB, it indicates to the UE that its connection can be resumed;

- Ifthecontextis not found, RRC connection is released and UE initiates procedure to establish new RRC
connection. In this case UEis required to go via RRC IDLE.

The radio link failure procedure applies also for RNs, with the exceptionthat the RN is limited to select a cell from its
DeNB cell list. Upon detecting radio link failure, the RN discards any current RN subframe configuration (for
communication with its DeNB), enabling the RN to performnormal contention-based RACH as part of the re-
establishment. Uponsuccessfulre-establishment, an RN subframe configuration canbe configured again using the RN
reconfiguration procedure.

ForDC, PCell supports abovephases. In addition, the first phase ofthe radio link failure procedure is supported for
PSCell. However, upondetecting RLF on the PSCell, the re-establishmentprocedureis not triggered at the end ofthe

first phase. Instead, UE shall inform the radio link failure of PSCell to the MeNB.

NOTE: Iftherecovery attemptin the second phase fails, the details ofthe RN behaviourin RRC IDLE to recover
an RRC connectionare up to the RN implementation.

10.1.7 Radio Access Network Sharing

E-UTRAN shallsupportradio access network sharing based on support for multi-to-multirelationship between E-
UTRANnodes and EPCnodes (S1-flex).

Ifthe EEFUTRAN is shared by multiple operators, the systeminformation broadcasted in each shared cell contains the
PLMN-id ofeach operator (up to 6).

E-UTRAN can provide a single tracking area code (TAC) and Cell Identity valid forallthe PLMNs sharing the radio
access network resources. Alternatively, EEFUTRAN can provide TACs and Cell Identities valid only fora subset ofthe
PLMNs sharing the radio network resources. Withboth alternatives, EFUTRAN provides only one TACand one Cell

Identity percellper PLMN.
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The UE shallbe able to read up to 6 PLMN-ids, to select one ofthe PLMN-ids at initial attachment and to indicate this
PLMN-id to the EEFUTRAN in subsequentinstances ofthe Random A ccess procedures (e.g. as defined in subclause
10.1.5). The EEFUTRAN shallselect an appropriate MME for the PLMN indicated by the UE. Once attached toan
MME, the UE shallbe able to indicate the allocated MME in subsequent instances ofthe Random A ccess procedures.
The indication ofthe allocated MMEC is contained in the temporary UEidentity.

Handling ofroaming and access restrictions for UEin ECM-CONNECTED shall follow the principles specified in sub-
clause 10.4a.

10.1.8 Handling of Roaming and Area Restrictions for UEs in ECM-
CONNECTED

NOTE: Theterm Roaming and Area Restrictions is notused in Rel-11 and onwards. It has been replaced by the
term Roaming and Access Restrictions, see section 10.1.8a.

10.1.8a Handling of Roaming and Access Restrictions for UEs in ECM-
CONNECTED

Handling ofroaming and access restrictions and handling of subscription specific preferences in ECM-CONNECTED
is performed in the eNB based on information provided by the EPCoverthe Sl interface.

10.2 Inter RAT

Service-based redirection between GERAN/ UTRAN and E-UTRAN is supported in both directions. This should not
require inter-RA T reporting in RRC CONNECTION REQUEST.

10.2.1 Cell reselection
A UE in RRC_IDLE performs cellreselection. The principles ofthis procedure are as follows:

- The UE makes measurements ofattributes ofthe serving and neighbour cells to enable the reselection process:

- Fora UE to search and measure neighbouring GERAN cells, the ARFCNs ofthe BCCH carriers need to be
indicated in the serving cell systeminformation (i.e.,an NCL). The NCL does notcontain BSICs orcell
specific offsets and Qrxlevmin is given per frequency band.

- Fora UE to search and measure neighbouring UTRAN cells, theserving cell can indicate an NCL containing
a list of carrier frequencies and scrambling codes.

- Measurements may be omitted if the serving cell attribute fulfils particular search ormeasurementcriteria.

- Cell reselection identifies the cell that the UEshould camp on. It is based on cellreselection criteria which
involves measurements ofthe serving and neighbour cells:

- Inter-RAT reselectionis based on absolute priorities where UEtries to camp on highest priority RAT
available. Absolute priorities forinter-RAT reselection are provided only by the RPLMN and valid only
within the RPLMN; priorities are given by the systeminformation and valid forall UEs in a cell, specific
priorities per UE can be signalled in the RRC Connection Release message. A validity time can be associated
with UE specific priorities.

- It should be possible to prevent the UE from reselecting to specific detected neighbouring cells;

- TheUEis allowed to "leave" thesource E-FUTRAN cell to read the target GERAN cell broadcast, in orderto
determine its "suitability", prior to completing the cell reselection;

- Cell reselectioncan be speed dependent (speed detectionbased on UTRA N solution);

Cell accessrestrictions apply as for UTRAN, which consist ofaccess class (AC) barring and cellreservation (e.g. for
cells "reserved foroperatoruse") applicable for mobiles in RRC IDLE mode.

When performing cellreselection while the UEis camped on another RAT, the principles ofthis procedureare as
follows:

- The UE measures attributes ofthe E-UTRA neighbouring cells:
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- Only the carrier frequencies need to beindicated to enable the UEto search and measure E-UTRA
neighbouring cells;

Cell reselectionidentifies thecellthat the UEshould camp on. It is based on cellreselection criteria which
involves measurements ofthe servingandneighbour cells:

- ForE-UTRA neighbouringcells, thereis no need to indicate cell-specific cellreselection parameters i.e.
these parameters are common to allneighbouring cells on an E-UTRA frequency;

Cell reselection parameters are applicable to all UEs in a cell, butit is possible to configure specific reselection
parameters per UE group orper UE.

It should be possible to prevent the UE from reselecting to specific detected neighbouring cells.

10.2.2 Handover

Inter RAT HO is designed sothatchanges to GERAN and UTRAN are minimised. This can be doneby following the
principles specified for GERAN to/from UTRAN intersystem HO. In particular the following principles are applied to
E-UTRAN Inter RAT HO design:

1.

Inter RAT HO is network controlled through source access system. The sourceaccess systemdecides about
starting the preparation and provides the necessary information to the targetsystemin the format required by the
target system. That is, the sourcesystemadapts to thetarget system. The actual handover executionis decided in
the source system.

Inter RAT HO is backwards handover, i.e. radio resources are prepared in the target 3GPP access systembefore
the UE is commanded by the source 3GPP access systemto changeto thetarget 3GPP access system.

. To enable backwards handover, and while RAN levelinterfaces are notavailable, a control interface exists in

CN level. In InterRAT HO involving E-FUTRAN access, this interface is between 2G/3G SGSN and
corresponding MME/Serving Gateway.

The target access systemwill be responsible for giving exact guidance for the UEon how to make the radio
access there (this includes radio resource configuration, target cell systeminformation etc.). This information s
given during the handover preparation and should be transported completely transparently through the source
access systemto the UE.

Mechanisms foravoiding or mitigating theloss ofuserdata(i.e. forwarding) can be used untilthe 3GPP Anchor
determines that it can send DL U-plane data directly to the target system.

The handover procedure should not require any UEto CN signalling in order for data to start to flow in the target
system. This requires that the security context, UE capability context and QoS context is trans ferred (or
translated) within the network between source and target s ystem.

Similar handover procedure should apply for handovers of bothreal time and non-real time services.

Similar handover procedure should apply for both Inter RAT Handover and intra-LTE Handover with EPCnode
change.

. Network controlled mobility is supported even ifno prior UE measurements have been performed onthe target

cell and/or frequencyi.e. "blind HO" is supported.

10.2.2a Inter-RAT cell change order to GERAN with NACC

Forinterworking towards GERAN, inter-RAT cell change order with NACCis supported evenifno prior UE
measurements havebeen performed on thesystemi.e. "blind NACC" is supported.
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10.2.2b Inter-RAT handovers from E-UTRAN

10.2.2b.1 Data forwarding

10.2.2b.1.1 For RLC-AM bearers

Upon handover, the eNB may forward all downlink PDCP SDUs that havenotbeenacknowledged by the UE, orall
downlink PDCP SDUs that havenotbeen transmitted tothe UE, to the targetnode. In addition, the eNB may forward
fresh data arriving over S1 to the targetnode.

NOTE: Any assigned PDCP SNs are not forwarded because of PDCP reset.

NOTE: Targetnode doesnothave to wait forthe completion of forwarding fromthe eNB before it begins
transmitting packets to the UE.

The eNB discards any remaining downlink RLC PDUs.
Upon handover, all successfully received PDCP SDUs are delivered to the upper layers in the UE.

NOTE: eNB does notneedto abort ongoing RLC transmissions with the UEas it starts data forwarding to the
target node.

Upon handover, the eNB may forward uplink PDCP SDUs successfully received tothe Serving Gateway and shall
discard any remaining uplink RLC PDUs.

Correspondingly, the eNB does not forward the downlinkanduplink RLC context.

Forthe uplink, the UE transmits over the target RAT fromthe first PDCP SDU for which transmissionhas not been
attemptedin the sourcecell.

In-sequence delivery ofupperlayer PDUs during handover is not guaranteed.

10.2.2b.1.2 For RLC-UM bearers

Upon handover, the eNB does not forward to the target node downlink PDCP SDUSs for which transmission had been
completed in the sourcecell. PDCP SDUs that havenot been transmitted may be forwarded. In addition, the eNB may

forward fresh data arrivingover S1 to the target node. The eNB discards any remaining downlink RLC PDUs.
Upon handover, allsuccessfully received PDCP SDUs are delivered to the upper layers in the UE.

Upon handover, the eNB may forward all uplink PDCP SDUs successfully received to the Serving Gateway and
discards any remaining uplink RLC PDUs.

Forthe uplink, the UE transmits overthe target RAT fromthe first PDCP SDU for which transmissionhas not been
attempted in the sourcecell.

Correspondingly, the eNB does not forward the downlink and uplink RLC context.
10.2.3 Measurements

10.2.3.1 Inter-RAT handovers from E-UTRAN

Measurements to be performed by a UE for inter-RA T mobility can be controlled by EEFUTRAN, using broadcast or
dedicated control. In RRC_CONNECTED state, a UE shall follow the measurement parameters specified by RRC
directed fromthe EEFUTRAN (e.g. as in UTRAN MEASUREMENT CONTROL).

UE performs inter-RA T neighbour cell measurements during DL/ULidle periods thatare provided by the network
through suitable DRX/DTX period orpacket schedulingifnecessary.

10.2.3.2 Inter-RAT handovers to E-UTRAN

From UTRAN, UE performs E-UTRAN measurements by usingidle periods created by compressed mode
(CELL_DCH) or DRX (otherstates) ormeasurement occasions (CELL_FACH).
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From GERAN, E-UTRAN measurements are performed in the same way as W CDM A measurements forhandover to
UTRAN: E-UTRAN measurements are performed in GSM idle frames in a time multiplexed manner.

10.2.3.3 Inter-RAT cell reselection from E-UTRAN

In RRC IDLE state,a UE shall follow the measurement parameters specified by the EEUTRAN broadcast (as in
UTRAN SIB). The use ofdedicated measurement controlis possible through the provision of UE specific priorities (see

sub-clause 10.2.4).
10.2.3.4 Limiting measurement load at UE

Introduction of E-UTRA implies co-existence of various UE capabilities. Each UEmay support different combinations
of RATs,e.g.,E-UTRA, UTRA, GSM, and non-3GPP RATs, and differentcombinations of frequency bands, e.g., 800
MHz, 1.7 GHz, 2 GHZ, etc. Despite such heterogeneous environment, the measurement load at UEshould be
minimised. To limit the measurement load and the associated controlload:

- E-UTRAN can configurethe RATs to be measured by UE;

- Thenumberofmeasurementcriteria (event and periodic reporting criteria) should be limited (as in TS 25.133
subclause 8.3.2[7]);

- E-UTRAN shouldbe aware ofthe UE capabilities for efficient measurement control, to preventunnecessary
waking up ofthe measuremententity;

- Blind HO (i.e., HO without measurement reports from UE) is possible.

10.2.4 Network Aspects

Inter-frequency/inter-RAT UEbased mobility relies on a "priority based scheme", where the network configures a list
of RATs/frequencies tobe taken as basis for UE’s inter-frequency/inter-RA T cell res election decisions in priority order.
E-UTRAN cells can enable inter-frequency/inter-RAT cell reselection by broadcasting a common priority valid forall
UEs in a given cellin addition to other inter-frequency/inter-RA T information.

NOTE: The same principles apply in UTRAN.

These common priorities can beoverwritten by E-UTRAN through dedicated signalling to individual UEs at
RRC CONNECTED to RRC IDLE transition.

NOTE: In orderto have consistent inter-RA T operation, the same principles apply to inter-RA T reselectionto E-
UTRAN. For UTRAN this includes also the transitions within RRC_CONNECTED state from
CELL DCH to CELL PCH and URA_PCH.

Setting dedicated priorities by EEUTRAN can be based on subscriptionrelated information provided by the MME.

Based on operator policy the eNBs may be configured to always integrity protect the redirectionto GERAN as
describedin TS 33.401 [22].

10.2.5 CSfallback

CS fallback can be performed via different options. The following table summarize the various CS fallback options per
RAT, necessary UEcapabilities and FGI index which should be setto ‘1’. The meaning of FGI index is specified in
[16, AnnexB]
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Table 10.2.5-1: CS fallback options

Target RAT Solutions Release UE Capability FGI Index
CS fallback to | RRC Connection Release with | Rel-8 (NOTE 1)
UMTS Redirection w ithout Sys Info Mandatory for UEs
supporting CS fallback to
UMTS
RRC Connection Release with | Rel-9 (NOTE 1)
Redirection with Sys Info e-RedirectionUTRA
PS handover w ith DRB(s) Rel-8 (NOTE 1) FGI8, FGI22

Mandatory for UEs
supporting CS fallback to

UMTS
CS fallback to | RRC Connection Release with | Rel-8 (NOTE 2)
GSM Redirection without Sys Info Mandatory for UEs
supporting CS fallback to
GSM
RRC Connection Release with | Rel-9 (NOTE 2)
Redirection w ith Sys Info Mandatory for UEs
supporting CS fallback to
GSM
Cell change order w ithout Rel-8 (NOTE 2) FGI10
NACC Mandatory for UEs
supporting CS fallback to
GSM
Cell change order with NACC Rel-8 (NOTE 2) FGI10

Mandatory for UEs
supporting CS fallback to
GSM

PS handover Rel-8 (NOTE 2)

interRAT-PS-HO-

ToGERAN

NOTE 1: All CS fallback to UMTS capable UE shall indicate that it supports UTRA FDD or TDD and supported band
list in the UE capability.

NOTE 2: All CS fallbback to GSM capable UE shall indicate that it supports GERAN and supported band list in the UE
capability.

NOTE 3: The measurement may be performed before any of the above CS fallback solution is triggered to select the
target cell or frequency layer more accurately based on eNB decision. eNB may trigger any of above CS
fallback solutions blindly.

10.3  Mobility between E-UTRAN and Non-3GPP radio
technologies

10.3.1  UE Capability Configuration

A UE shallbe able to communicate with the EEFUTRAN aboutits radio access capability, such as the system(including
the release and frequency band) it supports and its receive and transmit capabilities (single/dualradio, dualreceiver).
UE shalltransferits capability about otherradio technologies over EEUTRA N using the same procedure used to carry
its EEFUTRAN radio capability.

10.3.2 Mobility between E-UTRAN and cdma2000 network

This sectiondescribes the E-UTRAN mechanisms to supportidle and activemode mobility between EEFUTRAN and
c¢dma2000 HRPD or I1xRTT. The overallsystemis describedin [17].

10.3.2.1 Tunnelling of cdma2000 Messages over E-UTRAN between UE and
cdma2000 Access Nodes

In orderto efficiently support handover procedures when on E-UTRAN with a cdma2000 target system, cdma2000
messages are sent transparently to the targetsystemoverthe E-UTRAN, with the eNBand MMEacting as relay points.
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To support the MMEin its selection ofthe correcttarget systemnode to which it should route an Uplink tunnelled
messageand toprovide thetarget systemwith information that is needed to resolve technology-specific measurement
information (RouteUpdateand pilot strength measurements) that are delivered to the cdma2000 s ystem, each eNB cell
is associated with a cdma2000 HRPD SectorID and/or with a cdma2000 1xRTT SectorID (generically referred to as
cdma2000 reference cellid). This cdma2000 reference cellid is provided by the eNBto the MM E using the cdma2000
messagetransfer capability over SI-AP and forwarded to the targetsystemvia the S101 interface and corresponding

interface to the cdma2000 1xRTT system.

Tunnelling is achieved over the EEUTRA N radio interface by encapsulating tunnelled cdma2000 messages in the UL
Information Transfer (for pre-registrationsignalling) or UL Handover Preparation transfer (for handover signalling) and
DL Information Transfer RRC messages (e.g., similarto UMTS Uplink/Downlink Direct Trans fer). The reason for
using different UL trans fer messages is so thatthe UL Handover Preparation transfer messages can use a higher priority
signalling radio bearer. Forthe UL/DL Information Transfer messages a specific IE in these RRC messages is used to
identify the type ofinformation contained in the message (e.g., NAS, TunneledMsg). Additionally ifthe message is
carrying a tunnelled message, an additional IE is included to carry cdma2000 specific RRC Tunnelling Procedure
Information (e.g. RAT type).

ASlevel security will be applied for these UL Information Transfer/ UL Handover Preparation Transferand DL
Information Transfer RRC messages as normal but there is no NAS level security for these tunnelled cdma2000
messages.

UE eNB MME
DL Information Transfer DL S1 CDMA2000 Tunneling
(Info Type, (81 DL Tunneling Proc Info,
RRC DLTunneling Proc Info, cdma2000 Message)

cdma2000 Message)

Figure 10.3.2.1-1: Downlink Direct Transfer

UE eNB MME

UL Information Transfer

( Info Type, .
RRC ULTunneling Proc Info, UL S1 CDMA2000 Tunneling
cdma2000 Message) (81 UL Tunneling Proc Info, —»|

cdma2000 Message)

Figure 10.3.2.1-2: Uplink Direct Transfer

Tunnelling to the MMEis achieved overthe SI-MME interface by encapsulating the tunnelled cdma2000 messagein a
new S1 CDMA tunnelling messages. These S1 messages carry in addition to the tunnelled message some additional
c¢dma2000 specific IEs (e.g. cdma2000 Reference Cellld, RAT type, cdma2000 messagetype).

10.3.2.2 Mobility between E-UTRAN and HRPD
10.3.2.2.1 Mobility from E-UTRAN to HRPD

10.3.2.2.1.1 HRPD System Information Transmission in E-UTRAN

The HRPD systeminformation block (SIB) shallbe sent onthe EUTRAN BCCH. The UE shallmonitorthe E-
UTRANBCCH during the RRC_IDLE and RRC_CONNECTED modes to retrievethe HRPD systeminformation for
the preparationofcellreselection orhandover fromthe EEUTRAN to HRPD system. HRPD systeminformation may
also be provided to the UEby means of dedicated signalling. The HRPD systeminformation contains HRPD
neighbouring cell information, cdma timing information, as well as information controlling the HRPD pre-registration.
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10.3.2.2.1.2 Measuring HRPD from E-UTRAN
Measurementevents and parameters for HRPD measurements are to be aligned with those defined in section 10.2.3.

10.3.2.2.1.2.1 Idle Mode Measurement Control

UE shallbe able to make measurements on the HRPD cells in RRC_IDLE mode to performcell re-selection.

The intra-3GPP inter-RA T idle mode measurement controlis re-used to control the idle mode measurements on HRPD.
The UE performs measurementon HRPD when the signal quality fromE-UTRAN serving cell falls belowa given
threshold.

10.3.2.2.1.2.2 Active Mode Measurement Control

In RRC_CONNECTED mode, the UE shall performradio measurements on the HRPD network when directed by the
E-UTRAN network. The network provides therequired HRPD neighbour cell list information and measurement
controls to the UE through dedicated RRC signalling. Whenneeded the eNB is responsible for configuring and
activatingthe HRPD measurements on the UE via the dedicated RRC signalling message. Periodic and event-triggered
measurements are supported.

Forsingle-radio terminals, measurement gaps are needed to allow the UEto switch into the HRPD network and do
radio measurements. These measurement gaps are network-controlled. TheeNB is responsible for configuringthe gap
pattern and providing it to the UEthrough RRC dedicated signalling. Terminals with a dualreceiver perform
measurements on HRPD neighbour cells without tuning away fromthe E-UTRAN network. No DL gap patterns willbe
required for UEs which are capable of simultaneous reception onthe involved frequency bands. No UL gap patterns
will be required for UEs which are capable simultaneous transmission in one access and measuring on anotheraccess.

10.3.2.2.1.2.3 Active Mode Measurement

In RRC_CONNECTED mode, the UE measures the strengths of each ofthe HRPD neighbour cells and reports themin
an RRC message.

10.3.2.2.1.3 Pre-registration to HRPD Procedure

Pre-registrationallows a UEto establish a presence with an HRPD systemin advance ofa cellre-selection or handover.
E-UTRAN network instructs the UE whether the pre-registration is needed over broadcast channel and in a dedicated

RRC message.

The signalling procedure is transparentto EEFUTRAN network. In the pre-registrationto HRPD, messages shallbe
tunnelled inside RRCand S1-AP messages between the UEand MMEand in a generic "transfer" messagebetween
source MME and targetaccess network.

The UE is responsible formaintaining the HRPD context e.g. by performing periodic re-registrations ifneeded. The UE
will use pre-registration zoneinformation (including the current HRPD Pre-registration Zone and a list of HRPD
Secondary Pre-registration Zone ID) to decide whether a re-regis tration shall be performed. A dual-receiver UE can
ignore the parameter. EEUTRAN will provide the pre-registration zone informationon the EEUTRAN system
information broadcastchannel or dedicated RRCsignalling (unless it is determined that the UE will read the EEUTRAN
systeminformation broadcast channel in RRC_CONNECTED). Re-registrations are only allowed in areas where pre-
registrationis requested.

The managing of pre-registration and re-registration is handled by HRPD upper layer. The UEshould indicateif’it is
pre-registered when sending measurement reports on cdma2000 cells.

10.3.2.2.1.4 E-UTRAN to HRPD Cell Re-selection

Forthe "Optimized Idle-mode Mobility" in [19], the pre-condition for cell re-selection from E-UTRAN to HRPD is that
the UE has previously established a presence in the target HRPD network, either through the pre-registration procedure
or previous HRPD attachment.

Forthe "Non-optimized Handover" in [19], the above pre-condition does notapply.
The UE performs Cell re-selectionto HRPD while in RRC_IDLE.

Cell reselection from E-UTRAN to HRPD shouldbe aligned with 3GPP inter RAT cell reselection mechanism.
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10.3.2.2.1.5 E-UTRAN to HRPD Handover

The pre-condition forthe EEFUTRAN to HRPD Handover procedure is thatthe UEis attached in the EEFUTRAN network
in EEUTRAN_ACTIVE state and has pre-registered with the HRPD network. Based on measurement reports received
from the UE the eNBinitiates a handover by sending an RRC Handover FROM E-UTRA PREPARA TION REQUEST
messageto the UEto indicate to the UEthat it should begin the handover procedure. This messageshallinclude the
specified target RAT type and any cdma2000 specific HRPD parameters needed by the UE to create the appropriate
HRPD messages needed to requesta connection. Uponreception ofthis message the UEshould begin handover
signalling towards the HRPD access. The HRPD handover signalling is tunnelled through EEUTRAN betweenthe UE
and HRPD network. These HRPD parameters and HRPD messages are transparentto EEFUTRAN. The set ofthe
required HRPD parameters are out of'scope ofthis specification.

The messages are transferred inside RRC trans fer messages and S1 CDM A 2000 tunnelling messages. The MME will,
based onindication provided by the HRPD network, get informationabout ifthe handover succeeded or failed making
it possible forthe MMEset the handover status in the S1 CDM A 2000 tunnelling messages (e.g. handover success,
handover failure). In case the handover succeeded EEFUTRAN will include the tunnelled "CDMA2000 handover
command", which will be sent to the UE, inside the RRC MOBILITY from EEUTRA COMMAND message.

The UE can continue to send andreceivedataon the EEUTRA N radio untilit receives the RRCMOBILITY from E-
UTRA COMMAND messageincluding a tunnelled "CDM A2000 handover command". A fter this messageis received
by the UE, the UE shallleave the EEUTRAN radio and startacquiring the HRPD traffic channel. The HRPD handover
signalling is tunnelled between the UEand HRPD network.

10.3.2.2.2 Mobility from HRPD to E-UTRAN
Mobility fromHRPD to E-UTRAN has no impact on the EEFUTRAN.
10.3.2.3 Mobility between E-UTRAN and cdma2000 1xRTT

10.3.2.3.1 Mobility from E-UTRAN to cdma2000 1xRTT
10.3.2.3.1.1 cdma2000 1xRTT System Information Transmission in E-UTRAN

The cdma2000 IxRTT systeminformation block (SIB) shallbe sent on EEFUTRAN BCCH. The UE shallmonitorthe E-
UTRANBCCH during the RRC _IDLE and RRC_CONNECTED modes to retrievethe 1XRTT systeminformation for
the preparation ofhandover fromthe E-UTRAN to cdma2000 1xRTT system. IXRTT systeminformation may also be
provided tothe UEby means ofdedicated signalling. The 1XRTT systeminformation contains 1XRTT neighbouring
cell information, cdma timing information, and 1xRTT CS Fallback information.

10.3.2.3.1.2 Measuring cdma2000 1xRTT from E-UTRAN
Measurementevents and parameters for IXRTT measurements are to be aligned with those defined in section 10.2.3.

10.3.2.3.1.2.1 Idle Mode Measurement Control

UE shallbe able to make measurements on the IXRTT systemcells in LTE IDLE mode to performcell re-selection.
UE shall performcdma2000 1xRTT neighbour cellmeasurements during DRX periods, between paging occasions.

The intra-3GPP inter-RA T idle mode measurement controlis re-used to control the idle mode measurements on
c¢dma2000 IxRTT. The UE performs measurement on cdma2000 1xXRTT when the signal quality from E-UTRAN
serving cell falls below a given threshold.

10.3.2.3.1.2.2 Active Mode Measurement Control

In the EEUTRAN network, in RRC_CONNECTED mode, the UE shall performradio measurements onthe cdma2000
IXRTT network when directed by the EEFUTRAN network. The network provides therequired cdma2000 IxRTT
neighbour celllist information and measurement controls to the UE through dedicated RRCsignalling. When needed
the eNBis responsible for configuring and activating the cdma2000 IxRTT measurements on the UE via the dedicated
RRC signalling message. As forintra-3GPP inter-RA T measurementreporting, periodic and event-triggered
measurements are supported.

Forsingle-radio terminals, measurement gaps are needed to allow the UEto switch into thecdma2000 1xXRTT network
and do radio measurements. These Measurement gaps are network-controlled. The eNBis responsible for configuring
the gap patternand providingit to the UEthrough RRC dedicated signalling. Terminals with a dualreceiver perform
measurements oncdma2000 1xRTT neighbour cells without tuning away fromthe E-UTRAN network. No DL gap
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patterns will be required for UEs which are capable of simultaneous receptionon the involved frequency bands. No UL
gap patterns willbe required for UEs which are capable simultaneous transmission in one access and measuring on
anotheraccess.

10.3.2.3.1.2.3 Active Mode Measurement

In RRC_CONNECTED mode, the UE measures the strengths of each ofthe cdma2000 IxXRTT neighbourcells and
reports themin an RRC Message.

10.3.2.3.1.3 E-UTRAN to cdma2000 1xRTT Cell Re-selection

UE performs Cell re-selectionto cdma2000 IxXRTT while in RRC IDLE.

Cell reselection fromE-UTRAN to 1xRTT should be aligned with 3GPP inter RAT cell reselection mechanism.
10.3.2.3.1.4 E-UTRAN to cdma2000 1xRTT Handover

In the high level procedure forhandover from E-UTRAN to cdma2000 1xRTT except IXRTT CS Fallback, registration
and handoveris performed directly after the handover decision has beenmade. Based on measurementreports received
from the UE the eNBinitiates a handover by sending a RRCHandover FROM E-UTRA PREPARATION REQUEST
messageto the UEto indicate to the UEthat it should begin the handover procedure. This messageshallinclude the
specified target RAT type and any cdma2000 specific IXRTT access parameters needed by the UEto create the
appropriate 1XRTT Origination Requestmessage. The IXRTT handover signalling is tunnelled between the UEand
IXRTT network. The 1XxRTT access parameters and IXRTT messages are transparent to EEFUTRAN. The set ofthe
required 1XRTT access parameters are outof'scope of this specification.

The messages are transferred inside RRC trans fer messages and S1 CDM A 2000 tunnelling messages. The MME will,
based onindication provided by the IXRTT network, get information about ifthe handover succeeded or failed making
it possible forthe MMEset the handoverstatus in the S1 CDM A 2000 tunnelling messages (e.g. handover success,
handover failure). In case the handover succeeded EFUTRAN will include the tunnelled "CDMA2000 handover
command", which will be sent to the UE, inside the RRC MOBILITY FROM E-UTRA COMMAND message.

The UE can continue to send andreceivedataon the EEFUTRA N radio untilit receives the RRCMOBILITY FROM E-
UTRA COMMAND messageincluding a tunnelled "CDMA2000 handover command". A fter this messageis received
by the UE, the UE shallleave the EEFUTRANradio and startacquiring the 1xRTT traffic channel.

10.3.2.3.2 Mobility from cdma2000 1xRTT to E-UTRAN
Mobility fromcdma2000 1xRTT has no impact on EEFUTRAN.
10.3.2.3.3 1xRTT CS Fallback

CS fallback to 1xRTT enables the delivery of CS-domain services whena UE is being served by the EEUTRAN [23].

The UE initiates 1xCSFB (e.g. to performa 1xCS call origination oraccepta 1xCS call termination) by using NAS
signalling to send a CSFB indication to the MME. The MMEthen indicates to the eNB that 1XCSFB is required, which

triggers the eNBto execute one ofthe following 1xXCSFB procedures depending on network supportand UE capability:
- Rel-8 IxXCSFB, characterized by RRC connection release with redirectionto 1xRTT;
- enhanced 1xCSFB, characterized by 1xXRTT handoversignalling tunnelled between the UEand 1xRTT network;

- dualreceiver 1XCSFB, characterized by RRC connection release without redirection information; or

- dualreceiver/transmitter enhanced 1XCSFB, characterized by either IXRTT handover signalling tunnelled
between the UEand 1xRTT network, orredirection of the UE’s secondradio to 1xRTT.

The network advertises its support for Rel-8 1xCSFB by broadcasting 1xRTT pre-registration parameters in system
information (SIB8). The Rel-8 1xCSFB procedure is the default procedure, whenno other IXCSFB procedure canbe
performed. If Rel-8 1xCSFB is to be performed, the eNB optionally solicits IXRTT measurements fromthe UE, and
then sends an RRC Connection Release message with redirectionto 1XRTT. The UE then performs thenormal 1xCS
call origination or termination procedure in the 1XRTT access network.

A network which advertises support for Rel-8 IXCSFB may also support enhanced 1xCSFB, in which case the eNB
determines to performenhanced 1XCSFB based on UE capability. Ifenhanced 1xCSFB is to be performed, the eNB
optionally solicits IXRTT measurements fromthe UE, and then sends it a Handover From EUTRA Preparation Request
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message. This triggers the UEto send the UL Handover Preparation Transfer message containing 1XRTT dedicated
information. The IXRTT information is contained inside RRC and S1-AP messages betweenthe UEand MMEand in a
generic "transfer" message between MMEand 1xRTT network. The response fromthe IXRTT network triggers the
eNB to send a Mobility From EUTRA Command message which includes a IXRTT channel assignment messagethat
causes the UEto acquire a traffic channelin the IXRTT access network. In additionto enhanced 1xCSFB, the eNB may
determine to performconcurrent mobility to HRPD based on UE capability; if so, then two separate UL Handover
Preparation Transfer messages are triggered fromthe UE containing 1XRTT and HRPD dedicated information,
respectively. The concurrent HRPD handover procedure is handled independently fromthe e IXCSFB procedure, except
that responses fromthe 1XRTT and HRPD networks shallbe combined by theeNB into a single Mobility FromEUTRA
Command message.

The network advertises support for dualreceiver IXCSFB by broadcastingthedual receiver 1xXCSFB support indicator
in systeminformation (SIBS). The eNB determines to performdualreceiver IXCSFB if the UE has a dual Rx
configurationaccording to UE capability, and enhanced 1XxCSFB cannotbe performed (i.e. because enhanced 1xXCSFB
is not supported by bothnetwork and UE). If dualreceiver 1xCSFB is to be performed, the eNBsends an RRC
Connection Release message without including redirection information. The UE then performs the normal 1xCS call
origination or termination procedurein the 1IxRTT access network. A UE with dualRx configuration may initiate
IxCSFB to a network broadcasting IXRTT pre-registration parameters butnotbroadcasting the dual receiver IXCSFB
support indicator; in this case, the UEmay receive an RRC Connection Release message with redirectionto 1xRTT.

The network advertises support for dual receiver/transmitter enhanced IxXCSFB (dual R¥Tx e1xCSFB) by broadcasting
the dual R/ Tx e IXCSFB supportindicator in systeminformation (SIBS). The eNB determines to performdual Rx/Tx

e IXCSFB if the UE supports dual RxTx e 1xCSFB accordingto UE capability. Ifthe network does notadvertise
support fordual R Tx e IxCSFB, UE which have dual R Tx configurationmay decide to keep the IXRTT
receiver/transmitter turned on in order to continuously operatein both 1XRTT and E-UTRAN. If dual R¥/Tx e 1xCSFB
is to be performed, the eNB optionally solicits IXRTT measurements fromthe UE, and then sends a Handover From
EUTRA Preparation Request message. This triggers the UEto performone ofthe following:

- send theULHandover Preparation Transfer message containing IxXRTT dedicated information. The IxXRTT
information is contained inside RRCand S1-AP messages betweenthe UEand MMEand in a generic "transfer”
messagebetween MMEand 1xRTT network. The response fromthe 1XRTT network triggers the eNBto senda
DL Information Transfer message whichincludesa 1xRTT channel assignmentmessage that causes the UEto
acquire a traffic channelin the IXRTT access network while continuing to be served by the E-FUTRAN (for PS-
domain services).

- directits secondradio to 1xRTT, where it performs the 1xCS call origination or termination procedure in the
IXRTT access network while continuing to be served by the E-FUTRAN (for PS-domain services).

The following table summarizes the various CS fallback options for IXRTT, necessary UE capabilities and FGI index
which should be set to ‘1°. The meaning of FGI index is specified in [16, AnnexB].
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Table 10.3.2.3.3-1: CS fallback options

Target RAT Solutions Release UE Capability FGI Index
CS fallback to | RRC Connection Release with | Rel-8 (NOTE 1)
1IXRTT Redirection Mandatory for UEs
supporting CS fallback to
1XRTT
enhanced 1xCSFB Rel-9 (NOTE 1)
e-CSFB-1XRTT
enhanced 1xCSFB w ith Rel-9 (NOTE 1) FGN12, FGI26
concurrent HRPD handover e-CSFB-Conc PS-
Mob1XRTT, Support of
HRPD,
supportedBandListHRPD
dual receiver 1xCSFB (RRC Rel-9 (NOTE 1)
Connection Release w ithout rx-ConfigIXRTT (setto
Redirection) ‘dual’)
dual receiver/transmitter Rel-10 (NOTE 1)
enhanced 1xCSFB e-CSFB-dual-1XRTT
NOTE 1: Al CS fallback to 1xRTT capable UE shall indicate that it supports 1xXRTT and supported band list in the UE
capability.
NOTE 2: The measurement may be performed before any of the above CS fallback solution is triggered to select the
target cell or frequency layer more accurately based on eNB decision. eNB may trigger any of above CS
fallback solutions blindly.

10.3.2.3.3.1 Pre-registration Procedure for 1xRTT CSFB

A 1xCSFB capable terminal may pre-registerin the IXRTT network via the EEUTRAN in orderto establish CS services
(e.g. originating and terminating voicecalls) in the 1XRTT network. Pre-registrationapplies only to Rel-8 1xCSFB,
enhanced 1xCSFB and dualreceiver/transmitter enhanced 1XCSFB. It does not apply to dualreceiver 1XCSFB, since

the UE registers directly in the 1XRTT network using the normal 1xCS registration procedure.

The UE determines whether pre-registration is needed based on 1xRTT pre-registration parameters broadcastin system
information (SIB8). Before performing a IXRTT pre-registration, the UErequests fromthe eNBthe necessary
information to performthe IxRTT pre-registrationusing the CDM A2000 CSFB Parameters Requestmessage. TheeNB
provides the necessary parameters in the CDM A 2000 CSFB Parameters Response message. These necessary
parameters are pre-configured in the eNBand are transparentto EEFUTRAN.

The UE is responsible formaintaining the 1XRTT context, e.g. by performing re-registrations iftneeded. The UE will
use the 1xRTT pre-registration information to decide whether a re-registration shallbe performed. A dualreceiver UE
which registers directly in the 1XRTT network can ignore these parameters. Re-registrations are only allowed in areas
where pre-registration is allowed.

The management ofthe pre-registration and re-registration is handled by the 1XRTT upper layerin the UE.

10.3.3 CDMA2000 interworking in LTE shared networks

LTE systeminformation (SIB8) can contain parameters for multiple CDM A 2000 networks to allow the different
PLMN:s to inter-work with different CDM A 2000 networks. There is a one to onemapping between PLMN and
CDMA2000 network in that each LTEPLMN in SIBI can inter-work with only one CDM A 2000 network. Thus the
UE, eNB and MME implicitly knows the CDM A 2000 network fromthe UE’s RPLMN. All UEs not supporting the per-

PLMN signalling inter-work with the same CDM A 2000 network independent oftheir RPLMN.

10.4  Area Restrictions

NOTE: Theterm Area Restrictions is notusedin Rel-11 and onwards. It has beenreplaced by the termRoaming
and Access Restrictions, see section 10.4a.

10.4a Roaming and Access Restrictions

The roaming and access restriction information fora UE includes information onrestrictions to be applied for
subsequent mobility action during ECM-CONNECTED state. It includes the Serving PLMN and may includea list of
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equivalent PLMNs and other information. It may be provided by the MME at context setup overthe S1 interface, and
may be updatedby the MMEduring S1 Handover, and when sending NA S Downlink messages.

NOTE: In case of GWCNnetwork sharing scenario, theroaming and access restriction information should always
be providedby the MMEto the eNBs.

Upon receiving the roaming and access restriction information fora UE, the eNB shallstore it and thereafter it should
use it to determine whether to apply restriction handling for subsequent mobility action for which the eNB provides
information about thetarget ofthe mobility action towards the UE, e.g., handover and CCO, if applicable [17][23]. If
the roaming and access restriction informationis not available at the eNB, the eNB shall consider thatthereis no
restriction for subsequentmobility actions.

Only if received via S1signalling or X2 signalling, the roaming and access restriction information fora UE shallbe
propagated by the sourceeNB over X2 at intra EEFUTRAN handover. For the case whenthe X2 handoverresults in a
change of serving PLMN (to an equivalent PLMN), the sourceeNB shallreplace the Serving PLMN with the identity of
the target PLMN and move the Serving PLMN to the equivalent PLMN list, before propagating the roaming and access
restriction information.

SCG selection for DCat the MeNB s based uponroaming and access restriction information. Ifthe roaming and access
restriction informationis not available at the MeNB, the MeNB shall consider thatthere is no restriction forthe SCG
selection. In case of RAN sharing scenarios, the MeNB selects the serving PLMN ID of the SCG and provides it to the
SeNB.

SCG (re)selection for EN-DC at the en-gNBis based on roaming and access restriction informationin en-gNB. If
roaming and access restriction informationis not available at theen-gNB, the en-gNB shall consider thatthereis no
restriction for SCG (re)selection. Therefore, MeNB needs to convey the up-to-date roaming and access restriction

information to en-gNB via X2AP messages.

10.5  Mobility to and from CSG and Hybrid cells
10.5.0 Principles for idle-mode mobility with CSG cells
10.5.0.1 Intra-frequency mobility

Intra-frequency mobility in idle mode in the presence of CSG member cells is based on cellranking andreselection
using the "best cell principle": For cellranking and reselection, the UEmay ignore all CSG cells that are known by the
UE not to be CSG member cells.

10.5.0.2 Inter-frequency mobility

Forcell ranking and reselection, the UEshould prioritize CSG member cells irres pective of normal network configured
frequency priorities.

10.5.0.3 Inter-RAT Mobility

Inter-RAT inbound mobility to EEFUTRAN CSG cells is also supported by a UEautonomous search whenthe UEis
camped on a RAT otherthan EEFUTRAN. The UErequirements are defined in the specifications ofthe concerned RAT.

10.5.1  Inbound mobility to CSG cells
10.5.1.1 RRC_IDLE

Cell selection/reselectionto CSGeells is based on a UE autonomous search function. The search function determines
itself when/where to search, and need notbe assisted by thenetwork with information about frequencies which are
dedicatedto CSGeells.

To assistthe search function on mixed carriers, all CSG cells on mixed carriers broadcast in systeminformation arange
of PCI values reserved by the network foruse by CSGeells. Optionally also non-CSGceells on the mixed carrier can
send this information in systeminformation. The reserved PClrange is only applicable to the frequency ofthe PLMN
where the UE received this information. The UE considers the lastreceived reservedrange of PCl values for CSGcells
to be valid for amaximum of 24 hours within the entire PLMN. UE’s use ofthe received PCI split information is UE
implementation dependent.
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NOTE: In shared NW scenario, aligned PClranges are beneficial in the shared carrier frequency across the
involved PLMNSs. Furthermore, in deployments where cells broadcast different primary PLMN (with or
without multiple PLMN IDs), it is beneficial that CSG and non-CSGecells will broadcast same PCI

ranges.

UE checks thesuitability of CSG cells (identified by the 1 bit indicator) based onthe CSGwhitelist in the UE (provided
by upperlayers). Only CSG member cells are considered suitable.

The automated searching forthe CSGeells by the UE shallbe disabled by the search function, ifthe CSG whitelist
configuredin the UEis empty.

In addition, manual selection of CSG cells is supported.

Cell selection/reselectionto CSGeells does not require the network to provide neighbour cell information to the UE.
The neighbour cell information can be provided to help the UEin specific cases, e.g. where the network wishes to

trigger the UE to search for CSGcells.

Cell Reselectionbetween CSG member cells is based onnormal cellreselection procedure.

10.5.1.2 RRC_CONNECTED

While the UE is in RRC_CONNECTED state, the UE performs normal measurementand mobility procedures based on
configurationprovided by the network.

The UE is not required to support manual selection of CSG IDs while in RRC_CONNECTED state.

Handoverto a HNB/HeNB follows the framework of UE assisted network controlled handoveras describedin 10.1.2.1.
Handoverto a HNB/HeNBiis different from the normalhandover procedure in fouraspects:

1. Proximity Estimation: in case the UEis able to determine, using autonomous search procedures, thatit is neara
CSG member cell, the UE may provide to thesource eNB an indication of proximity. The proximity indication

may beused as follows:

- Ifa measurement configurationis not present forthe concerned frequency/RAT, the source eNB may
configure the UE to performmeasurements and reporting for the concerned frequency/RAT.

- ThesourceeNBmay determine whether to performotheractions related to handover to HNB/HeNBs based
on having received a proximity indication (for example, the source eNB may not configure the UEto acquire
systeminformation ofthe HNB/HeNBunless it has received a proximity indication).

2. PSC/PCIConfusion: due to the typical cell size of HNB/HeNBs being much smaller than macro cells, therecan
be multiple HNBs/HeNBs within the coverage ofthe source eNB that havethe same PSC/PCI. This leads to a
conditionreferred to as PSC/PCI confusion, wherein the source eNB is unable to determine the correct targetcell
for handover fromthe PSC/PClincluded in the measurement reports fromthe UE. PSC/PCI confusionis solved
by the UE reporting the global cellidentity ofthe target HNB/HeNB.

3. Access Control: ifthe target cellis a hybrid cell, prioritization ofallocated resources may be performed based
on the UE’s membership status. Access controlis doneby a two step process, where first the UEreports whether
the target cellis a CSG member cell based onthe UE’s CSG whitelist, and then thenetwork verifies thereported
status. When the UE has an emergency callthe MMEallows inbound mobility to CSG cells even ifthe access
control fails as specified in TS 23.401[17].

4. PLMN Selection: Ifthe target cellis a shared CSG/hybrid cell, the UE reports the subsetofthe broadcasted
PLMN identities passing PLMN ID check and the CSG whitelist ofthe UE includes anentry comprising ofthe
concerned PLMN identity and the CSG ID broadcast by the target cell. The sourceeNB performs PLMN ID
check forthe PLMNs reported by the UEand selects oneif multiple pass the PLMN ID check. Finally the MME
verifies the CSG membership according to the received CSGID, the selected PLMN ID and stored subscription

CSG information ofthe UE.

Mobility fromeNB/HeNB to a HeNB’s CSG/hybrid cell may take place with the S1 Handover procedure. In the
following call flow the source cellcan be an eNB ora HeNB.

The current version ofthe specification als o supports mobility involving HeNBs by using X2 handover in some cases
(seesection 4.6.1). If membership verificationis required for X2 mobility, the procedure described in Section 10.1.2.1
applies, with the following additions to the steps described in Section 10.1.2.1.1:
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In Step 4, the source eNB/HeNB includes the CSG membership status reported by the UEhanded overin the
X2APHANDOVER REQUEST messageto the target HeNB; the target HeNB performs admission control
based onthe CSGmembership status reported by the UE;

In Step 12, the target HeNB includes the CSGmembership status ofthe UEhanded overin the PATH SWITCH
REQUEST message to the MME;

In Step 16, afterthe MM Ehas performed membership verification for the UEhanded over,the MMEincludes
its verified CSG membership status in the PATH SWITCH REQUEST ACKNOW LEDGE message to thetarget
HeNB; the target HeNBupdates its membership informationifneeded.

The procedure below applies to any scenario where the CSGID is provided by the UEorprovided by thesource eNB.

Source HeNB Target
U= eNB DM GW* HeNB
1. Reconfiguration
(Report Proximity Config)

———2. Proximity Indication—»

3. Reconfiguration

(Measurement Config)

4. Measurement Report
(PCI)
5. Reconfiguration
(Sl Request)

6. BCCH (CGil, TAI, CSG ID}

7. Measurement Report

——(CGl, TAIl, CSG ID, Member—»|

Indication) 8. HO Required
(Access Mode’, CSG ID")

9. Access control based on

reported CSG ID and selected
PLMN ID

10. HO Request N
(CSG ID’, Membership Status’) 11. HO Request R

[ (CSG ID’, Membership Status’)

«——13. HO Request Ack

«——14. HO Request Ack
(€«—15. HO Command——

«——16. HO Command

Figure 10.5.1.2-1: Mobility to HeNB’s CSG and hybrid cells.

1) The sourceeNB configures the UE with proximity indication control.

2) The UE sendsan "entering" proximity indication when it determines it may be neara CSG member cell (based

on autonomous search procedures). The proximity indication includes the RAT and frequency ofthe cell.

3) Ifa measurement configurationis not present for the concerned frequency/RATthe source eNB configures the

UE with relevant measurement configuration including measurement gaps as needed, sothatthe UE can perform
measurements onthe reported RAT and frequency. Thenetwork may also usethe proximity indication to
minimize the requesting ofhandover preparation information of CSG/hybrid cells by avoiding requesting such

information when the UEis not in the geographical area where its CSG member cells are located.

4) The UE sends a measurement report includingthe PCI (e.g., due to triggered event A3).

5) The sourceeNB configures the UEto performSI acquisition and reporting ofa particular PCL

6) The UE performs SI acquisition using autonomous gaps, i.e., the UE may suspend reception and transmission
with the source eNB within the limits defined in [TS 36.133] to acquire the relevantsysteminformation fromthe

target HeNB.

7) The UE sends a measurement report including (E-)CGI, TAL CSG ID and "member/non-member" indication. If
the target cellis a shared CSG/hybrid cell, the measurement report also includes the subset ofthe broadcast
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PLMN identities that pass PLMN ID check and for which the CSG whitelist of the UE includes an entry
comprising the cell's CSGID and the respective PLMN identity.

8) ThesourceeNBincludesthe target E-CGI and the CSGID in the Handover Required message sentto the MME.
If the target is a hybrid cellthe Cell Access Mode ofthe targetis included.

9) The MMEperforms UE access controlto the CSGcell based onthe CSGID and the selected target PLMN
received in the Handover Required message and the stored CSGsubscription dataforthe UE (see 3GPP TS
23.401 [17]). If the access control procedure fails,the MMEends the handover procedure by replying with the
Handover Preparation Failure message. Ifthe Cell Access Mode is present,the MME determines the CSG
Membership Status ofthe UEhandingoverto the hybrid celland includes it in the Handover Request message.

10-11) The MME sends the Handover Request message to thetarget HeNB including the target CSGID received in
the Handover Required message. Ifthe target is a hybrid cellthe CSG Membership Status willbe included in the
Handover Request message.

12) The target HeNB verifies that the CSGID received in the Handover Request message matches the CSGID
broadcast in the target celland if such validationis successful it allocates appropriate resources. UE prioritisation

may also be applied ifthe CSG Membership Status indicates that the UEis a member.

13-14) The target HeNB sends the Handover Request A cknowledge messageto the MME via the HeNB GW if
present.

15)The MMEsends the Handover Command message to the source eNB.

16) The sourceeNB transmits the Handover Command (RRC Connection Reconfiguration messageincluding
mobility control information) to the UE.

NOTE: Steps 1-9, 15 and 16 also apply to inter-RAT mobility fromLTE to HNB.

Aftersending an "entering" proximity indication (step 2), if the UE determines thatit is no longerneara CSG member
cell, the UE sends a "leaving" proximity indication to the source eNB. Upon reception ofthis indication, the source eNB
may reconfigurethe UEto stop measurements on the reported RAT and frequency.

In the above procedure, steps 2 and 3 may not be performed in case the UEhas not previously visitedthe HeNB, e.g.,
when the UE first visits a hybrid cell.

The PCI confusion is resolved by steps 5, 6 and 7. The source eNB can request STacquisitionand reporting forany PCI,
not limited to PSCs/PCls of CSG or hybrid cells.

10.5.2 Outbound mobility from CSG cells
10.5.2.1 RRC_IDLE

Fora UE leaving a CSG cell in idle mode normal cell reselection based on configuration fromthe BCCH of the CSG
cell applies.

10.5.2.2 RRC_CONNECTED

Fora UE leaving a CSG cell in active mode normal network controlled mobility applies.
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10.6 Measurement Model

RRC configures RRC configures

parameters parameters
v \ 4
Layer 1 Layer 3
A » filtering B, filtering C 3/ Evaluation D
of reporting
el criteria

Figure 10.6-1: Measurement model

- A: measurements (samples) internal to the physical layer.

- Layer 1 filtering: internallayer | filtering of the inputs measured at point A. Exact filtering is implementation
dependant. How the measurements are actually executed in the physical layer by an implementation (inputs A

and Layer 1 filtering) in not constrained by the standard.
- B: A measurement reported by layer 1 to layer 3 afterlayer 1 filtering.

- Layer 3 filtering: Filtering performed on the measurements provided at point B. The behaviour ofthe Layer3
filters are standardised and the configuration ofthe layer 3 filters is provided by RRCsignalling. Filtering
reporting period at Cequals one measurement period at B.

- C: A measurement after processingin the layer 3 filter. The reporting rate is identical to the reporting rateat
point B. This measurement is used as input for one or more evaluation of reporting criteria.

- Evaluation of reporting criteria: This checks whetheractual measurement reporting is necessary at point D.
The evaluation canbe based on more than one flow of measurements at reference point Ce.g. to compare
between different measurements. This is illustrated by input Cand C'. The UE shallevaluatethe reporting
criteria at least every time a new measurementresult is reported at pointC, C'. The reportingcriteria are
standardised and the configuration is provided by RRC signalling (UE measurements).

- D: Measurement report information (message) sent on the radio interface.

Layer 1 filtering will introduce a certain level of measurementaveraging. How and when the UE exactly performs the
required measurements will be implementation specific to the point thatthe output at B fulfils the performance
requirements setin [21]. Layer 3 filtering and parameters used is specified in [16] and does notintroduce any delay in
the sample availability between Band C. Measurementat pointC, C' is the input used in the event evaluation.

10.7  Hybrid Cells

Hybrid Cells have a CSG Indication bit setto FALSE but broadcast a CSG Identity and the PCl values for hybrid cells
are not contained within the reserved PCIrange for CSG cells. Similar to CSG cells, the network can reservea PCI list
for hybrid cells.

The network shall distinguish whetherit is a hybrid cell,e.g. by reservinga PCI list for hybrid cells.
10.7.1 RRC_IDLE

When the CSGID and associated PLMN ID ofthe hybrid cellbelong to the CSG whitelist ofthe UE, the hybrid cellis
considered by the UEas a CSG cell in idle mode cell selection/reselection procedures.

NOTE: Theautonomous search forhybrid cells does notimply that a UE needs to constantly check the CSGID
and associated PLMNID ofall cells it sees.

Forall other UEs, normal cell selection/reselection procedures apply with hybrid cells (as fornon CSGeells).

Manualselection of CSGIDs of hybrid cells is also supported in the same way as for CSG cells.
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10.7.2 RRC_CONNECTED
10.7.21 Inbound Mobility

Inbound mobility to hybrid cells is described in Section 10.5.1.2.
10.7.2.2 Outbound Mobility

Procedure for outbound mobility fromCSG cells applies (See section 10.5.2.2).

11 Scheduling and Rate Control

In orderto utilise the SCH resources efficiently, a scheduling functionis used in MAC. In this subclause, an overview
of'the scheduleris givenin terms ofscheduler operation, signalling of scheduler decisions, and measurements to
support scheduler operation.

ForNB-IoT, the Basic Scheduler Operation in 11.1 and the uplink buffer status reports part in 11.3 are applicable, the
UE-AMBR partin 11.4 is applicable only for UE which is enabled to use S1-U data transfer or User Plane CloT EPS

optimization, and all other subsections of section 11 are not applicable.

11.1  Basic Scheduler Operation

MACin eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH, UL-SCH
and SL-SCH transport channels. Different schedulers operate for the DL-SCH, UL-SCH and SL-SCH.

The schedulershould take account ofthe traffic volume andthe QoS requirements ofeach UEand associated radio
bearers, when sharing resources between UEs. Only "per UE" grants are used to grantthe rightto transmit on the UL-
SCH and SL-SCH (i.e. there are no "per UEper RB" grants).

Schedulers may assignresources taking account the radio conditions at the UEidentified through measurements made
atthe eNB and/orreported by the UE.

Radio resourceallocations canbe valid forone ormultiple TTIs.

Resource assignment consists of physical resourceblocks (PRB) and MCS. Allocations for time periods longer than one
TTI might also require additional information (allocation time, allocation repetition factor.....).

When CA is configured, a UE may be scheduled over multiple serving cells simultaneously butat most onerandom
access procedure shallbe ongoing at any time. Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows
the PDCCH of a serving cellto schedule resources onanother serving cell but with the following restrictions:

- Cross-carrier scheduling does not apply to PCelli.e. PCell is always scheduled via its PDCCH;

- When thePDCCH of an SCell is configured except foran LA A SCell, cross-carrier scheduling foruplink
transmission and downlink transmission does notapply to this SCelli.e. it is always scheduled foruplink
transmission and downlink transmis sion via its PDCCH,

- WhenthePDCCH ofan LAA SCellis configured:

- Ifcross-carrier schedulingapplies only to uplink transmission, it is scheduled for downlink transmission via
its PDCCH and foruplink transmission via the PDCCH ofone otherserving cell;

- Ifself-scheduling applies to both uplink transmis sion and downlink transmission, it is always scheduled for
uplink transmission and downlink transmission via its PDCCH.

- When the PDCCH of an SCell is not configured, cross-carrier scheduling for uplink transmis sion and downlink
transmissionapplies and this SCellis always scheduled for uplink transmission and downlink transmission via
the PDCCH of one otherserving cell.

A linking between ULand DL allows identifying theserving cell for which the DL assignmentor UL grant applies
when the CIF is not present:

- DL assignmentreceived on PCell corresponds to downlink transmis sion on PCell;
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- ForDC, DL assignmentreceived on PSCell corresponds to downlink transmission on PSCell;

- UL grantreceived on PCell corresponds to uplink transmission on PCell, except forthe UL grant in Random
Access Response fromPCell in response toa randomaccess preamble on SCellof MCG for which case the UL
grant is forthe SCell where the preamble is sent;

- ForDC, UL grantreceived on PSCell corres ponds to uplink transmis sion on PSCell, except forthe UL grant in
RandomA ccess Response fromPSCell in response to arandomaccess preamble on SCell of SCG for which
case the UL grant is forthe SCell where the preamble is sent.

- DL assignmentreceived on SCell, corresponds to downlink transmission on SCell,;

- UL grantreceived on SCell, corresponds to uplink transmission on SCell,.. If SCell, is not configured foruplink
usage by the UE, the grant is ignored by the UE.

When DCis configured, cross-carrier scheduling can only be used across serving cells within the same CG. Within a
CG, neither PCellof MCG nor PSCell of SCG can be cross-carrier scheduled.

11.1.1  Downlink Scheduling

In the downlink, EFUTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTIvia the C-RNTI
on PDCCH(s). A UE always monitors the PDCCH(s) in orderto find possible allocation when its downlink reception is
enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTT applies to allserving
cells.

In addition, E-UTRAN can allocate semi-persistent downlink res ources for the first HARQ transmissions to UEs:
- RRC defines the periodicity ofthe semi-persistent downlink grant;

- PDCCH indicates whether the downlink grantis a semi-persistentonei.e. whetherit can be implicitly reused in
the following TTIs accordingto theperiodicity defined by RRC.

When required, retransmissions are explicitly signalled via the PDCCH(s). In the sub-frames where the UEhas semi-
persistent downlink resource, ifthe UE cannotfind its C-RNTI on the PDCCH(s), a downlink transmission according to

the semi-persistentallocation thatthe UEhas been assignedin the TTIis assumed. Otherwise, in the sub-frames where
the UE has semi-persistent downlink resource, if the UE finds its C-RNTIon the PDCCH(s), the PDCCH allocation
overrides the semi-persistent allocation forthat TTIand the UEdoes not decodethe semi-persistent resources.

When CA is configured, semi-persistentdownlink res ources can only be configured forthe PCelland only PDCCH
allocations forthe PCell can override the semi-persistent allocation. When DC is configured, semi-persistentdownlink
resources can only be configured for the PCell or PSCell. Only PDCCH allocations forthe PCell can override the semi-
persistent allocation for PCell and only PDCCH allocations forthe PSCell can override the semi-persistent allocation
for PSCell.

ForNB-IoT:

- Schedulinginformation for downlink data is transmitted on the downlink physical control channel NPDCCH.
The scheduled downlink data is transmitted onthe shared datachannel NPDSCH;

- Only cross-subframe scheduling is supported, cross-carrier scheduling is notsupported. The transmission
duration in number of sub-frames for the NPDCCH and the NPDSCH is variable;

- The transmission duration in number of sub-frames is semi-static forthe NPDCCH and is indicated for the
NPDSCH as part ofthe scheduling information transmitted on the NPDCCH;

- The start time ofthe NPDSCH relative to the NPDCCH is signaled as part ofthe schedulingmessage.

11.1.2 Uplink Scheduling

In the uplink, EEFUTRAN can dynamically allocateresources (PRBs and MCS) to UEs at each TTIviathe C-RNTIon
PDCCH(s). A UE always monitors the PDCCH(s ) in order to find possible allocation foruplink transmis sion when its
downlink receptionis enabled (activity governed by DRX when configured). When CA is configured, the same C-RNTI

applies to allserving cells.
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In addition, E-UTRAN can allocatea semi-persistent uplink res ource for the first HARQ transmissions and potentially
retransmis sions to UEs:

- RRC defines the periodicity ofthe semi-persistent uplink grant;

- PDCCH indicates whether the uplink grant is a semi-persistent one i.e. whether it can be implicitly reused in the
following TTIs according to the periodicity defined by RRC.

In the sub-frames where the UEhas semi-persistent uplink resource, ifthe UE cannot find its C-RNTIon the
PDCCH(s), an uplink trans mission according to the semi-persistent allocationthatthe UEhas been assigned in the TTI
can be made. The network performs decoding ofthe pre-defined PRBs accordingto the pre-defined MCS. Otherwise, in
the sub-frames where the UE has semi-persistentuplink resource, ifthe UE finds its C-RNTI on the PDCCH(s), the
PDCCH allocation overrides thepersistentallocation forthat TTI and the UE’s transmission follows the PDCCH
allocation, not the semi-persistent allocation. Retransmissions are either implicitly allocated in which case the UEuses
the semi-persistentuplink allocation, or explicitly allocated via PDCCH(s ) in which case the UEdoes not follow the

semi-persistent allocation.

NOTE: thereis no blind decodingin uplinkand whenthe UEdoes not haveenough data to fill the allocated
resource, paddingis used.

When the UEis provided with valid uplink grants in several serving cells in one TTI, the order in which the grants are
processed during logical channel prioritisation and whether joint or serial processing is applied are left up to UE
implementation, while adhering to transmission restrictions ofa logical channel via LA A SCells.

Similarly as forthe downlink, semi-persistent uplink resources canonly be configured forthe PCelland only PDCCH
allocations forthe PCell can override the semi-persistent allocation. When DC is configured, semi-persistentuplink
resources can only be configured for the PCell or PSCell. Only PDCCH allocations forthe PCell can override the semi-
persistent allocation for PCell and only PDCCH allocations forthe PSCell can override the semi-persistent allocation
for PSCell.

Fora UE capable of V2X communication, multiple semi-persistent configurations can be configured in uplink,
regardless ofthe specific services the UEis operating. The uplink resources for each semi-persistent configuration can
only be configured forthe PCell. When DCis configured, theuplink resources for each semi-persistent configuration
can only be configured forthe PCell or PSCell

ForNB-IoT:

- Scheduling information foruplink datais transmitted on the downlink physical control channel NPDCCH. The
scheduleduplink data is transmitted on the shared data channel NPUSCH;

- The transmission duration in number of sub-frames forthe NPUSCH is variable;

- The transmission duration in number of sub-frames is semi-static for the NPDCCH and is indicated forthe
NPUSCH as part ofthe scheduling information transmitted on the NPDCCH;

- The start time ofthe NPUSCH relative to the NPDCCH is signaled as part ofthe scheduling message.

11.2  Activation/Deactivation Mechanism

To enable reasonable UE battery consumption when CA is configured, an activation/deactivation mechanismof SCells
is supported (i.e. activation/deactivation does not apply to PCell). When an SCellis deactivated, the UEdoes notneed
to receive the corresponding PDCCH or PDSCH, cannottransmit in the corresponding uplink, noris it required to
perform CQI measurements. Conversely, whenan SCellis active, the UE shallreceive PDSCH and PDCCH (if the UE
is configured to monitor PDCCH from this SCell), and is expected to be able to perform CQI measurements. EEUTRAN
ensures thatwhile PUCCH SCell is deactivated, SCells of secondary PUCCH group shouldnotbe activated. EEUTRAN
ensures that SCells mapped to PUCCH SCell are deactivated before the PUCCH SCell is changed orremoved.

The activation/deactivation mechanismis based onthe combination ofa MAC control element and deactivation timers.
The MACcontrol element carries a bitmap for the activation and deactivation of SCells: a bit set to 1 denotes activation
of'the corresponding SCell, while a bit set to 0 denotes deactivation. With the bitmap, SCells can be activatedand
deactivatedindividually, and a single activation/deactivation command canactivate/deactivate a subset of the SCells.
One deactivation timer is maintained per SCell but one common value is configured per UEby RRC.

Atreconfiguration withoutmobility controlinformation:
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- SCells added to the set of serving cells are initially "deactivated";

- SCells which remain in the set of servingcells (eitherunchanged or reconfigured) do notchange their activation
status ("activated" or "deactivated").

Atreconfiguration with mobility control information (i.e. handover):

- SCells are "deactivated".

In DC, the servingcells ofthe MCGotherthanthe PCell can only be activated/deactivated by the MAC Control
Element received on MCG, and the servingcells ofthe SCGotherthan PSCell can only be activated/ deactivated by the
MAC Control Element received on SCG. The MA Centity applies the bitmap for the associated cells ofeither MCGor
SCG. PSCell in SCG is always activated like the PCell (i.e. deactivationtimeris not applied to PSCell). With the

exception of PUCCH SCell, one deactivation timer is maintained per SCell but one common valueis configured per CG
by RRC.

11.3  Measurements to Support Scheduler Operation

Measurementreports are required to enable the scheduler to operate in bothuplink and downlink. These include
transport volume and measurements ofa UEs radio environment.

Uplink bufferstatus reports (BSR) are needed to provide support for QoS-aware packetscheduling. In EEUTRAN
uplink buffer status reports refer to the data that is buffered in fora group oflogical channel (LCG) in the UE. Four

LCGs and two formats are used forreporting in uplink:

- A short format forwhich only one BSR (ofone LCG) is reported;

- Along format for which all four BSRs (ofall four LCGs) are reported.
Uplink bufferstatus reports are transmitted using MAC signalling.
In DC, LCG is configuredper CG.

In DC, BSR configuration, triggering and reporting are independently performed per CG. For split bearers, the PDCP
datais considered in BSRin the CG(s) configured by RRC.For LW A bearers in the UL, the bearers configured touse
WLAN only do not trigger BSR. For bearers configured to use WLAN and LTE, only the datathatmay be sent over
LTE (i.e., excluding UL data already sent ordecided tobe sent over WLAN) is considered for BSR.

11.4  Rate Control of GBR, MBR and UE-AMBR
11.4.1  Downlink

The eNB guarantees the downlink GBR associated with a GBR bearer, enforces the downlink MBR associated with a
GBR bearerand enforces thedownlink AMBR associated with a group of Non-GBR bearers.

11.4.2 Uplink

The UE has an uplink rate control function which manages thesharing ofuplink resources between radio bearers. RRC
controls the uplinkrate control functionby giving each bearer a priority and a prioritised bit rate (PBR). The values
signalled may not be related to theones signalled via S1to the eNB.

The uplink rate control function ensures thatthe UEserves its radio bearer(s) in the following sequence:
1. Alltheradio bearer(s) in decreasing priority orderup to their PBR;
2. Alltheradio bearer(s) in decreasing priority order for the remaining resources assigned by the grant.

NOTEIL: In casethe PBRs are allset to zero, the first step is skipped and the radio bearer(s) are served in strict
priority order: the UE maximises the transmissionofhigher priority data.

NOTE2: By limiting the total grant to the UE, the eNB can ensure that the UEFAMBR plus the sumofMBRs is
notexceeded.
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NOTE3: Provided the higherlayers are responsive to congestion indications, theeNB can enforcethe MBR ofan
uplinkradio bearer by triggering congestion indications towards higher layers and by shaping thedata
rate towards the S1 interface.

If more than one radio bearer has thesame priority, the UEshall serve theseradio bearers equally.

11.4.3 UE-AMBR for Dual Connectivity

In DC, the MeNB ensures thatthe UEFAMBR s not exceeded by:

1) limiting the resources it allocates to the UEin MCG; and

2) indicating to the SeNBa limit so thatthe SeNBcan also in turn guarantee that this limit is not exceeded.
Forsplit bearers the SeNB ignores the indicated downlink UEFAMBR. If the SeNB is not configured to servethe uplink
for split bearers, the SeNB ignores theindicated uplink UE-AMBR.

11.5  CQlI reporting for Scheduling

The time and frequency resources used by the UEto report CQl are underthe control ofthe eNB. CQI reporting can be
eitherperiodic oraperiodic. A UEcan be configured to have both periodic and aperiodic reporting at the same time. In
case both periodic and aperiodic reporting occurs in the same subframe for a particular CG, only the aperiodic report is
transmitted in that subframe.

Forefficient support oflocalized, distributed and MIMO transmissions, E-UTRA supports three types of CQI reporting:
- Widebandtype: providing channel quality information ofentire systembandwidth ofthe cell;
- Multi-bandtype: providing channel quality information of some subset(s) of systembandwidth ofthe cell;
- MIMOtype:openlooporclosedloopoperation (with or without PMI feedback).

Periodic CQI reporting is defined by the following characteristics:

- WhentheUEis allocated PUSCH resources in a subframe where a periodic CQI report is configured to be sent,
the periodic CQIreport is transmitted together with uplink dataon the PUSCH. Otherwise, the periodic CQI
reports are senton the PUCCH.

Aperiodic CQIreporting is defined by the following characteristics:
- Thereportis scheduled by the eNBvia the PDCCH;
- Transmitted together with uplink data on PUSCH.

When a CQIreport is trans mitted together with uplink data on PUSCH, it is multiplexed with the transportblock by L1
(ie. the CQl report is not part ofthe uplink the transport block).

The eNB configures a set of sizes and formats ofthe reports. Size and format ofthe report depends on whether it is
transmitted over PUCCH or PUSCH and whetherit is a periodic oraperiodic CQI report.

11.6  Explicit Congestion Notification

The eNB and the UEsupport ofthe Explicit Congestion Notification (ECN)is specified in Section 5 of[35] (i.e., the
normative part of[35] that applies to theend-to-end flow of IP packets), and below. ECN is beneficial especially for
latency sensitive interactived applications such as chatand gaming as well as forreal-time voice and video, this because
loss as a congestionsignalis avoided, losses that would otherwisenecessitate retransmission of packets with additional

application delay asaresult.

The eNB should set the Congestion Experienced (CE) codepoint (‘11”) in PDCP SDUs in the downlink direction to
indicate downlink (radio) congestion ifthose PDCP SDUs have one ofthe two ECN-Capable Transport (ECT)
codepoints set. The eNB should setthe Congestion Experienced (CE) codepoint(‘11”) in PDCP SDUs in the uplink
direction to indicate uplink (radio) congestion ifthose PDCP SDUs have one ofthe two ECN-Capable Transport (ECT)
codepoints set. ECN marking should be pertherecommendations in [73].
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12

DRXin RRC_CONNECTED

In orderto enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

Per UE mechanism(as opposedto perradio bearer);
No RRC or MACsubstate to distinguish between different levels of DRX;
Available DRX values are controlled by thenetwork and start fromnon-DRX up to 10.24 seconds;

Measurementrequirement and reporting criteria can differaccordingto thelength ofthe DRX intervali.e. long
DRX intervals may experience more relaxed requirements;

Irrespective of DRX, UE may use first available RA CH opportunity to send an UL measurement report;

HARQ operation related to data transmission is independent of DRX operationand the UE wakes up to read the
PDCCH for possible retransmis sions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is
used to limit the time the UE stays awake awaiting for a retransmission. In the uplink, for asynchronous HARQ),
a timer is used to limit the time the UE stays awake awaiting fora retransmission;

When DRXis configured, the UEmay be further configured with an " on-duration" timer during which time the
UE monitors the PDCCHs forpossible allocations;

When DRXis configured, periodic CQIreports canonly be sent by the UE during the "active-time". RRC can
furtherrestrict periodic CQI reports so that they are only sentduringthe on-duration;

A timer per TAGin the UE is used to detect need for obtaining timing advance foreach TAG.

The following definitions apply to DRX in E-UTRAN, except for NB-IoT:

on-duration: durationin downlink subframes that the UEwaits for, after waking up from DRX, to receive
PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

inactivity-timer: duration in downlink subframes thatthe UE waits to successfully decode a PDCCH, from the
last successful decodingofa PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer
following a single successful decoding ofa PDCCH for a first transmission only (i.e. not for retrans missions).

active-time: total duration that the UEis awake. This includes the "on-duration" ofthe DRX cycle, the time UE
is performing continuous reception while the inactivity timer has notexpired and the time UE is performing
continuous reception while waiting fora DL retransmissionafterone HARQRTT or, forasynchronous UL
HARQ operation, foran UL retransmission grantafterone ULHARQ RTT. Based on theabovethe minimum
active time is oflength equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying
lengths based onscheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are

signalled to the UEby the eNB:

There is only one DRX configurationapplied in the UEat any time;

UE shallapply an on-duration on wake-up fromDRX sleep;

NOTE: this is also applicable for the case where the UEhas only oneservice (e.g. Real Time) that is being

handled through the allocation of predefined resources; this allows for othersignalling suchas RRCto be
sent duringtheremaining portion ofthe activetime.

New transmissions can only take place during theactive-time (so that whenthe UEis waiting forone
retransmissiononly, it does not haveto be "awake" during the RTT).

If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration
(i.e. the UE can enter DRX sleep ifallowed by the DRX configuration):

- This applies also forthe sub-frames where the UE has beenallocated predefined res ources.

Except for NB-IoT, if it successfully decodes a PDCCH for a first transmission, the UEshall stay awake and
start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UEhas also been
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allocated predefined resources) untila MAC control message tells the UE to re-enter DRX, or until the inactivity
timer expires. In both cases, the DRX cycle that the UE follows afterre-entering DRX is given by the following
rules:

- Ifashort DRX cycle is configured;the UE first follows the short DRX cycle and aftera longerperiod of
inactivity the UE follows the long DRX cycle;

- Else the UE follows the long DRX cycle directly.

NOTE: When DRXis configured, the network should detect whether UEremains in EUTRAN coverage by
requesting UEto send periodic signals to the network.

In CA,whenevera UEis configured with only one serving cell (i.e. PCell) Rel-8/9 DRX applies. In other cases, the
same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH
monitoring).

In DC, separate DRX configurations can beappliedto MCGand SCG, and the CG specific DRX operationapplies to
all configuredandactivated servingcells in the same CG (i.e. identical active time for PDCCH monitoring).

13 QoS

An EPS bearer/E-RAB s the level of granularity for bearerlevel QoS controlin the EPC/E-UTRAN. That is, SDFs
mapped to the same EPS bearerreceive the same bearer level packet forwarding treatment (e.g. scheduling policy,
queue management policy, rate shaping policy, RLC configuration, etc.) [17].

One EPS bearer/E-RABis established whenthe UEconnects to a PDN, and that remains established throughoutthe
lifetime of the PDN connectionto providethe UE with always-on IP connectivity to that PDN. That bearer is referred to
as the default bearer. Any additional EPS bearer/E-RABthat is established to thesame PDN is referred to as a
dedicated bearer. The initial bearer level QoS parameter values ofthe default bearer are assigned by the network, based
on subscription data. Thedecisionto establish or modify a dedicated bearer can only be taken by the EPC, and the

bearer level QoS parameter values are always assigned by the EPC.

An EPS bearer/E-RAB s referred to as a GBR bearer if dedicated network resources related to a Guaranteed Bit Rate
(GBR) value that is associated with the EPS bearer/E-RA B are permanently allocated (e.g. by an admission control
function in the eNodeB) at bearer establishment/modification. Otherwise, an EPS bearer/E-RAB is referred to as a Non-
GBR bearer. A dedicatedbearer caneitherbe a GBR or a Non-GBR bearer while a default bearer shallbe a Non-GBR

bearer.

13.1 Bearer service architecture

The EPS bearerservice layered architecture is depicted in Figure 13.1-1 below, where:

- AnULTFT in the UE binds an SDF to an EPS bearer in the uplink direction. Multiple SDFs canbe multiplexed
onto the same EPS bearer by including multiple uplink packetfilters in the UL TFT.

- ADL TFT in the PDN GW binds an SDF to an EPS bearer in the downlink direction. Multiple SDFs canbe
multiplexed onto the same EPS bearer by including multiple downlink packetfilters in the DL TFT.

- AnE-RAB transports the packets ofan EPS bearer between the UEand the EPC. When an E-RABexists, there
is a one-to-onemappingbetween this E-RABand an EPS bearer.

- A dataradio bearertransports the packets ofan EPS bearerbetweena UEand one ormore eNB(s). When a data
radio bearerexists, there is a one-to-one mappingbetween this data radio bearer and the EPS bearer/E-RAB.

- An S1 bearertransports the packets ofan E-RAB betweenan eNodeB and a Serving GW.

- An S5/S8bearertransports the packets ofan EPS bearer betweena Serving GW and a PDN GW.

- A UE storesamapping between anuplink packetfilter and a data radio bearer to createthe binding between an
SDF and a dataradio bearer in the uplink.

- A PDN GW stores amappingbetween a downlink packet filterand an S5/S8a bearer to create thebinding
between an SDF and an S5/S8a bearer in the downlink.
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- AneNBstores a one-to-one mapping betweena dataradio bearerandan S1 bearer to create the binding between
a dataradio bearerand an S1 bearer in both the uplink and downlink.

- A Serving GW stores a one-to-onemapping betweenan S1bearer and an S5/S8a bearer to createthe binding
between an S1bearer and an S5/S8a bearer in both the uplink and downlink.
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Figure 13.1-1: EPS Bearer Service Architecture

13.2 QoS parameters

The bearerlevel (i.e. perbeareror per beareraggregate) QoS parameters are QCI, ARP, GBR, and AMBR[17]. Each
EPS bearer/E-RAB (GBR and Non-GBR) is associated with the followingbearerlevel QoS parameters:

- QoS Class Identifier (QCI): scalarthat is usedas a reference to access node-specific parameters that control
bearerlevel packet forwarding treatment (e.g. scheduling weights, admis sion thresholds, queue management
thresholds, link layer protocol configuration, etc.), and that have been pre-configured by the operator owning the
eNodeB. A one-to-one mapping of standardized QCI values to standardized characteristics is capturedin [17].

- Allocation and Retention Priority (ARP): the primary purpose of ARP is to decide whether a bearer
establishment / modificationrequest canbe accepted orneeds to be rejected in case of resource limitations. In
addition, the ARP can beused by the eNodeB to decide which bearer(s) to drop during exceptional res ource
limitations (e.g. at handover).

Each GBR beareris additionally associated with the following bearer level QoS parameter:
- Quaranteed Bit Rate (GBR): the bit rate that can be expectedto be provided by a GBR bearer;

- Maximum Bit Rate (MBR): the maximum bit rate that can be expected tobe providedby a GBR bearer. MBR
can be greater orequalto the GBR.

Each APNaccess, by a UE, is associated with the following QoS parameter:
- per APN Aggregate Maximum Bit Rate (APN-AMBR).

Each UE in state EMM-REGISTERED is associated with the following bearer aggregate level QoS parameter:
- perUE Aggregate MaximumBit Rate (UE-AMBR).

The definitions of APN AMBR and UE-AMBR are capturedin [17].

The GBR and MBR denotes bit rate of traffic per bearer while UEFAMBR/APN-AMBR denote bit rate of traffic per
group ofbearers. Each ofthose QoS parameters has an uplinkand a downlink component.
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13.3 QoS support in Hybrid Cells

The following principles apply toservingnon CSG members and CSG members of a Hybrid Cell:

NOTE: Theterm "eNB" in this sectionapplies to HeNBs (as described in §4.6.1), as well as eNBs (as denoted in

the basic EEUTRAN architecture in Figure 4-1).

When theUE connects to a Hybrid Cell, the MMEshall informthe eNB serving this Hybrid Cell whether the UE
is a member or not ofthe CSG associated with this Hybrid Cell;

Based on CSG membership, the offered QoS for UEs served by this Hybrid Cellmay be modified as follows:

- TheeNB serving this Hybrid Cellmay distinguish between a CSG member and non-member when
determining whetherto handovera UE, which GBR bearers to admit and which GBR bearers to deactivate;

- TheeNB serving this Hybrid Cellmay distinguish between a CSG member and non-member for handover
and packet scheduling on Uu interface (including reduced QoS) ofnon-GBR bearers.

14

Security

14.1  Overview and Principles

The following principles apply to EEFUTRAN security:

The keys used for NAS and A S protection shall be dependent onthe algorithmwith which they are used.

The eNB keys are cryptographically separated fromthe EPCkeys used for NAS protection (making it
impossible to use theeNBkey to figure out an EPCkey).

For SCG bearers in DC, the SeNBkeys are cryptographically separated fromthe eNBkeys.

The AS (RRC and UP) and NAS keys are derived in the EPC/UE from key material that was generated by a
NAS (EPC/UE) level AKA procedure (Kasve) and identified with a key identifier (KSIasme).

For SCG bearers in DC, the AS (UP) keys are derived in the SeNB/UE fromkey material that was generated in
the MeNB/UE.

The eNB key (Keng) i sent fromthe EPC to the eNBwhen the UEis entering ECM-CONNECTED state (i.e.
during RRC connection or S1 context setup).

For SCG bearers in DC, the SeNBkey (S-Keng) is sent fromthe MeNBto the SeNBwhen addingan SCG.

ForLW A bearers, the WT Counter, if included in LW A Configuration, is used whencomputing the S-Kwr (as
specified in TS 33.401 subclause G[22] and TS 36.331 subclause5.6.14.2 [16]). If WT Counteris not signalled
to the UE, the UE uses authentication methods specified in TS 33.402 subclause6[70] as describedin 22A.1.8.

ForLWIP, the LWIP Counterin the LWIP Configurationis used when computingthe LWIP-PSK (as specified
in TS 33.401 subclause A.13[13] and TS 36.331 subcause 5.6.17.2 [16]).

Separate AS and NAS level security mode command procedures are used. AS level security mode command
procedure configures A S security (RRCand userplane) and NAS level security mode command procedure
configures NAS security. Both integrity protection and ciphering for RRC are activated within the same AS

SMC procedure. User plane ciphering is activated at thesame time as RRC ciphering.

Keys stored insideeNBs shallneverleavea secure environment within the eNB (except when done in
accordance with this or other 3GPP specifications), and user plane data ciphering/deciphering shall take place
inside the secureenvironment wherethe related keys are stored.

Key material for the eNBkeys is sent between the eNBs during ECM-CONNECTED intra-E-UTRAN mobility
and from the MeNB to the SeNB in DC for SCG bearer during SCGaddition and SCGchange.

A sequence number (COUNT) is used as input to the ciphering and integrity protection. A givensequence
numbermust only be used once fora given eNBkey (except foridentical re-transmission) on the same radio
bearerin the same direction. The same sequencenumber can be used for both cipheringand integrity protection.
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A hyper frame number (HFN) (i.e. an overflow counter mechanism)is used in the eNBand UEin order to limit
the actualnumber of sequence number bits that is needed to be sent overtheradio. The HFN needs to be
synchronized between the UEand eNB.

No integrity protection initialisation number (FRESH).

Since SIM access is not granted in EEUTRANTS 33.401 [22] except for making IMS Emergency calls, idle
mode UE not equipped with USIM shallnot attempt to reselect to EEFUTRANunless it is originating an IMS
Emergency call. The RNC may try to prevent handoverto EEFUTRAN for example by identifying a SIM based
UE from the security keys provided by the CN.

A simplified key derivation is depicted on Figure 14.1-1 below, where:

Knasine is a key, which shallonly be used for the protection of NAS traffic with a particular integrity algorithm
This key is derived by UEand MME from Kagsme , as well as an identifier for the integrity algorithm.

K~asenc is a key, which shall only be used forthe protection of NAS traffic with a particular encryption
algorithm. This key is derived by UEand MME fromKaswme, as well as an identifier for the encryptionalgorithm.

Keng is a key derived by UEand MME from Kasme. Kens may also be derived by the targeteNB from NH at
handover. Kcng shallbe used for the derivation of Krrcint, Krrcene and Kupene, and for the derivation of Keng+

upon handover.

Keng+ is a key derived by UEand source eNB from either Keng or from a fresh NH. Keng+ shallbe used by UE
and target eNBas a new Keng for RRC and UP traffic.

Kupene is akey, which shallonly be used for the protection of UP traffic with a particular encryptionalgorithm.
This key is derived by UEand eNB from Kcxg, as well as an identifier for the encryption algorithm.

Krrcin is a key, which shallonly be used for the protection of RRC traffic with a particular integrity algorithm.
Krreine is derived by UEand eNB from Kens, as well as an identifier for the integrity algorithm.

Krrcene is akey, which shallonly be used for the protection of RRC traffic with a particular encryption
algorithm. Krrcene is derived by UEand eNB from Kens as well as an identifier for the encryptionalgorithm.

Next Hop (NH) is used by UEand eNBin the derivation of Kens: for the provision of " forward security" [22].
NH is derived by UEand MME fromKasume and Kens when the security context is established, or from Kasme
and previous NH, otherwise.

Next Hop Chaining Count (NCC)is a counterrelatedto NH (i.e. the amount of Key chainingthathas been
performed) which allow the UE to be synchronised with the eNB and to determine whether the next Keng+needs
to be based on thecurrent Keng ora fresh NH.
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Figure 14.1-1: Key Derivation

Key derivation for SCG bearers in DCis depicted on Figure 14.1-2 below, where:

- SCG Counteris a counterused as freshness input into S-Kens derivations (see TS 33.401 AnnexE.2.4 [22]).
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Figure 14.1-2: DC Key Derivation

The MMEinvokes the AKA procedures by requesting authentication vectors to the HE (Home environment) ifno
unused EPS authentication vectors have been stored. The HE sends an authentication response back to the MME that
contains a fresh authentication vector, including a base-key named Kasme. Thus, as aresult ofan AKA run, the EPCand
the UE share Kasme. From Kasme, the NAS keys, (and indirectly) Kenskeys and NH are derived. The Kasue is never
transported to an entity outside ofthe EPC, but Kcngand NH are transported to the eNB fromthe EPC when the UE
transitions to ECM-CONNECTED. From the Keng, the eNB and UE can derive the UP and RRC keys.

RRC and UP keys are refreshed at handover. Keng+ is derived by UEand source eNB fromtarget PCI, target frequency
and Keng (this is referred to as a horizontalkey derivationand is indicated to UE with an NCC that does not increase) or
from target PCI, target frequency and NH (this is referred to as a vertical key derivation and is indicated to UE with an
NCC increase). Keng+ is then used as new Kens for RRC and UP traffic at the target. Whenthe UE goes into ECM-IDLE
all keys are deleted fromthe eNB except for the UE which was enabled to use User Plane CloT EPS Optimization.

For SCG Bearers in DC, UP keys are updated at SCGchange by indicating in RRC signalling to the UEthe value ofthe
SCG Counterto be used in key derivation. When Keng is refreshed, SCGCountershallbe reset and S-Keng shallbe

newly derived fromthe Kens.
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COUNT reusing avoidance for the same radio bearer identity in RRC CONNECTED mode without Kcxs change is left
to eNB implementation e.g. by using intra-cellhandover, smart managementofradio bearer identities or triggering a
transitionto RRC IDLE.

SCG bearers in DC share a common poolofradio beareridentities (DRB IDs) together with the MCGbearers and when
no new DRB ID can be allocated foran SCG bearer without guaranteeing COUNT reuseavoidance, the MeNB shall
derive anew S-Keng. SeNB indicates to MeNB when uplink or downlink PDCP COUNTS are about to wrap around and
MeNB shallupdatethe S-Kens. To updatethe S-Kens, the MeNB increases the SCGCounterand uses it to derive anew
S-Keng from the currently active KeNB in the MeNB. The MeNB sends the newly derived S-Kens to the SeNB. The
newly derived S-Kengis then used by the SeNB in computinga new encryptionkey Kupene which is used with all DRBs
in the SeNB for this UE. Furthermore, when the SCG Counter approaches its maximum value, the MeNB refreshes the
currently active KeNB, before any further S-Keng is derived.

In case of HFN de-synchronisationin RRC_CONNECTED mode between the UEand eNB, the UE is pushedto IDLE.
14.2  Security termination points

The table below describes the security termination points.

Table 14.2-1 Security Termination Points

Ciphering Integrity Protection
NAS Signalling Required and terminated in MME Required and terminated in MME
U-Plane Data Required and terminated in eNB Not Required

(NOTE 1)

Required and terminated in eNB

RRC Signalling (AS) Required and terminated in eNB

MAC Signalling (AS) Not required Not required

NOTE 1:Integrity protection for U-Plane is not required and thus it is not supported betw een UE and Serving
Gatew ay or for the transport of user plane data betw een eNB and Serving Gatew ay on S1 interface.

The table below describes the security termination points for DC with SCG bearers and split bearers.

Table 14.2-2 Security Termination Pointsin DC

Ciphering Integrity Protection
NAS Signalling Required and terminated in MME Required and terminated in MME
U-Plane Data for MCG Required and terminated in MeNB Not Required
bearers
U-Plane Data for SCG Required and terminated in SeNB Not Required
bearers

U-Plane Data for split
bearers

Required and terminated in MeNB

Not Required

RRC Signalling (AS)

Required and terminated in MeNB

Required and terminated in MeNB

14.3  State Transitions and Mobility
14.3.1 RRC_IDLEto RRC_CONNECTED

As ageneral principle,on RRC IDLE to RRC_CONNECTED transitions, RRC protectionkeys and UP protection keys
shallbe generated while keys for NAS protectionas well as higher layerkeys are assumedto be already available in the
MME. These higher layerkeys may have beenestablished in the MMEas aresult ofan AKA run,oras aresult ofa
trans fer fromanother MME during handover or idle mode mobility [22].
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14.3.2 RRC_CONNECTEDto RRC_IDLE

Except for the UE which was enabled to use User Plane CloT EPS Optimization, on RRC_CONNECTED to

RRC IDLE transitions, eNBs shall delete thekeys they store such thatstate foridle mode UEs only has to be
maintained in MME. It is also assumedthateNB does no longer store state information aboutthe corresponding UEand
deletes thecurrent keys fromits memory. In particular, on connected to idle transitions:

- TheeNB and UE deletes NH, Keng , Krreene , Krreint and Kupene and related NCC.
- MMEand UE keeps Kasme, Knasine and Knasene stored.

On RRC CONNECTED to RRC IDLE transitions forthe UEwhich was enabled to use User Plane CloT EPS
Optimization, the eNBs, the UE and MMEsshallmaintain the keys they store.

14.3.3 Intra E-UTRAN Mobility

The key hierarchy does notallow, as is, explicit RRC and UP key updates, but RRC and UP keys are derived based on
the algorithmidentifiers and Keng which results with new RRCand UP keys at every handover:

- Source eNBand UE independently create Kcng+ with the inputparameters as described in 3GPP TS 33.401 [22];
- Kenpr is given to Target eNB during the HO preparation phase;
- Both Target eNBand UE considers the new Kexg equal to the received Keng:.
The handlingofHFN and PDCP SN at handover depends onthe typeofradio bearer:
- SRB: HFN and PDCP SN are reset.
- RLC-UM bearers: HFN and PDCP SN are reset.
- RLC-AM bearers: PDCP SN and HFN are maintained (10.1.2.3).
NOTE: COUNT reusing avoidance is left to network implementation.

ForLWA, eNB may not trigger the S-Kwr update during handover without W T change. In such a case, theeNB sends
the WT counter to the UEafterhandover via a separate RRC reconfiguration procedure. The UEdoes notneedto
performreauthentication with WLAN immediately eventhoughthe KeNBis updated but shallusethe updated WT
counter the next time the UE does re-association with WLAN. As the PDCP PDUs may continueto be transmitted over
WLAN during handover without WT change, the transmitter uses an end-marker PDCP control PDU to inform the
receiver ofthe last PDCP PDU encrypted with source Keng, as described in 10.1.2.9.

14.3.4 SeNB Removal

For SCG bearers in DC, at SeNB removal, the SeNB shall delete the keys it stores. It is also assumed that SeNB does no
longer storestate information about the corresponding UEand deletes the currentkeys fromits memory. In particular,

at SeNB removal:
- The SeNB and UE delete S-Keng and Kupene.
- The MeNBand UE keep Keng.

14.4  AS Key Change in RRC_CONNECTED

If AS Keys (Kupenc , Krrcintand Kgrreene) need to be changed in RRC_CONNECTED, an intra-cellhandovershallbe
used.

For SCG bearers in DC, if AS Key (Kupenc) needs to be changed, the SCG change shall be performed.

14.5  Security Interworking

Inter-RAT handover fromUTRAN to E-UTRAN is only supported after activation ofintegrity protectionin UTRAN.
Security may be activated in the target RANusingnull ciphering algorithms. If ciphering was notrunning in UTRAN, it
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will be activated at handoverto E-UTRAN. Integrity protectionshall be activated in EEFUTRAN on handover from
UTRAN/GERAN.

For EEUTRAN to UTRAN/GERAN mobility, the MMEshall derive and transfer to the SGSN a confidentially key and
an integrity key derived fromKaswe and other inputparameters as specified in 3GPP TS 33.401 [22]. Based on this
information, the SGSN can in turn derive appropriate keys to be used in the target RAN.

Similarly for UTRAN/GERAN to E-UTRAN mobility, the SGSN shallderive and transferto the MMEa confidentially
key and an integrity key CK and IK. Based on this information and other input parameters as specified in 3GPP TS
33.401 [22], the MMEand UEcan in turn derive Kasue.

14.6 RN integrity protection for DRB(s)

Between the DeNB and the RN, integrity protection is required for the DRB(s) carrying SIAP and/or X2AP signalling
and optional for other DRB(s).

Kurin, used forthe integrity protection ofthe DRBs, is derived by the RN and the DeNB from KeNB, as well as an
identifier for the integrity algorithmused as specified in 3GPP TS 33.401 [22]. Kupin is generated, changed or deleted
when other AS keys are generated, changed or deleted.

15 MBMS

ForMBMS, the following definitions are introduced:

MBSFN Synchronization Area: an area ofthe network where alleNodeBs can be synchronized and perform MBSFN
transmissions. MBSFN Synchronization Areas are capable of supporting one or more MBSFN Areas. On a given
frequency layer,a eNodeB can onlybelong toone MBSFN Synchronization Area. MBSFN Synchronization Areas are
independent fromthe definition of MBMS Service Areas

MBSFN Transmission or a transmission in MBSFN mode: a simulcast transmission technique realised by
transmission ofidentical waveforms at the same time from multiple cells. An MBSFN Transmission frommultiple cells
within the MBSFN Area is seen as a single transmission by a UE.

MBSEFN Area: an MBSFN Area consists ofa group ofcells within an MBSFN Synchronization Area ofa network,
which are co-ordinated to achievean MBSFN Transmission. Except forthe MBSFN Area Reserved Cells, all cells
within an MBSFN Area contribute to the MBSFN Transmission and advertiseits availability. The UEmay only need to
considerasubset of the MBSFN areas that are configured, i.e. when it knows which MBSFN area applies for the

service(s) it is interested to receive.

—_ MBMS Service Area R —

1
. MBSFN Area MBSFN Area :
- !
‘\
\

} MBSFN Area

5%5%@55

MBSFN Area Reserved Cell

1
1
1
B \
1
1
1

Figure 15-1: MBMS Definitions

MBSFN AreaReserved Cell: A cell within a MBSFN Area which does not contribute tothe MBSFN Transmission.
The cell may be allowed to transmit for other services but at restricted power on the resource allocated for the MBSFN
transmission.
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Synchronisation Sequence: Each SYNC PDU contains a time stamp which indicates the start time ofthe
synchronisationsequence. Foran MBMS service, each synchronisation sequence has the same duration which is
configured in the BM-SCand the MCE.

Synchronisation Period: The synchronisation period provides the time reference for the indication ofthe start time of
each synchronisationsequence. The time stamp which is provided in each SYNCPDU is a relative value which refers
to the start time ofthe synchronisation period. The duration ofthe synchronisation period is configurable.

151 General

In E-UTRAN, MBMS can be provided with single frequency network mode of operation (MBSFN) eitheron a
frequency layer shared with non-MBMS services (setofcells supporting bothunicastand MBMS transmissions i.e. set
of "MBMS/Unicast-mixed cells") oron a frequency layer dedicated for MBMS (setofcells supporting MBMS

transmissiononly i.e. set of "MBMS-dedicated cells").

MBMS receptionis possible for UEs in RRC_IDLE state, orexcept for NB- [oT UEs, BL UEs or UEs in enhanced
coverage,in RRC_CONNECTED state. Wheneverreceiving MBMS services, a usershall be notified ofan incoming
call, and originating calls shallbe possible.

ROHC is not supported for MBMS.

RNs do not support MBMS.

HeNBs do not support MBMS.

ForNB-IoT UEs, BL UEs or UEs in enhanced coverage:
- MBMSis provided in "MBMS/Unicast-mixed cells" with single-cell transmission.
- MBMSreceptionis possible only for UEs in RRC IDLE state.

- Wheneverreceiving MBMS services, a user shall be notified ofan incoming call, and originating calls shallbe
possible:

- Mobile Terminated callhas higher priority than MBMS reception;
- Mobile Originated signalling has higher priority than MBMS reception;

- Othercases are left to UE implementation.

15.1.1 E-MBMS Logical Architecture

MBMS
MME oW
M3 | MBMS GW: MBMS Gateway
MCE: Multi-Cell/Multicast Coordination Entity
1 M1
MCE M1: user plane interface
M2: E-UTRAN internal control plane interface
M2 M3: control plane interface between E-UTRAN and EPC
eNB

Figure 15.1.1-1: E-MBMS Logical Architecture

Figure 15.1.1-1 depicts the EEMBMS Logical Architecture.

Multi-cell/multicast Coordination Entity (MCE)
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The MCE is a logical entity — this does notprecludethe possibility that it may be part ofanothernetwork element —
whose functions are:

- theadmissioncontrol and theallocation ofthe radioresources used by alleNBs in the MBSFN area for multi-
cell MBMS transmissions using MBSFN operation. The MCE decides not to establish the radio bearer(s) ofthe
new MBMS service(s) if the radio resources are not sufficient for the corresponding MBMS service(s) or may
pre-empt radio resources fromotherradio bearer(s) of ongoing MBMS service(s) accordingto ARP. Besides
allocation ofthe time/ frequency radio resources this also includes deciding the further details ofthe radio
configuratione.g. the modulationand coding scheme.

- deciding on whetherto use SC-PTM or MBSFN.

- counting and acquisition of counting results for MBM S service(s).

- resumptionof MBMS session(s) within MBSFN area(s) based on e.g. the ARP and/or the counting results for the
corresponding MBMS service(s).

- suspensionof MBMS session(s) within MBSFN area(s) basede.g. the ARP and/or on the counting results for the
corresponding MBMS service(s).

NOTE: In caseofdistributed MCEarchitecture, the MCE manages the above functions fora single eNB ofa
MBSFN. The coordination ofthe functions between MCEs is providedby OAM, ifneeded.

The MCE is involved in MBMS Session Control Signalling. The MCE does not perform UE - MCE signalling.
AneNBis served byasingle MCE.
E-MBMS Gateway (MBMS GW)

The MBMS GW is alogical entity — this does not preclude the possibility thatit may be part ofanother network
element — that is present between the BMSC and eNBs whose principal functions is the sending/broadcastingof MBMS
packets toeach eNB transmitting theservice. The MBMS GW uses IP Multicastas themeans of forwarding MBMS
userdata to the eNB. The MBMS GW performs MBMS Session Control Signalling (Session start/update/stop) towards

the EEUTRAN via MME.
Control Plane Interfaces
"M3" Interface: MCE - MME

An Application Part is defined for this interface between MME and MCE. This application partallows for MBMS
Session Control Signalling on E-RABlevel(i.e. does not convey radio configuration data). The procedures comprise
e.g. MBMS Session Start and Stop. SCTP is used as signalling transport i.e. Point-to-Point signalling is applied.

"M2" Interface: MCE — eNB

An Application Part is defined for this interface, which conveys at least radio configuration data for the multi-cell
transmission mode eNBs and Session Control Signalling. SCTP is used as signalling transport i.e. Point-to-Point
signalling is applied.

User Plane Interface

"M1'" Interface: MBMS GW — eNB

This interface is a pure user plane interface. Consequently no Control Plane Application Part is defined for this
interface. IP Multicast is used for point-to-multipoint delivery ofuser packets.

Deployment consideration

The two envisaged alternatives are shown in Figure 15.1.1-2.

The architecture onthe rightpart is defined as the "distributed MCEarchitecture". In this architecture,a MCEis part of
the eNBand the M2 interface should be keptbetweenthe MCEand thecorresponding eNB.

The architecture onthe left part is defined as the "centralized MCEarchitecture". In this architecture, the MCEis a
logical entity which means it can be deployed as a stand-alone physical entity or collocated in another physical entity
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e.g.eNB. In both cases of the centralized MCEarchitecture, the M2 interface is kept between the MCE and all eNB(s)
belongingto thecorresponding MBSFN area.

Contents
Provider

PDN
Gateway

Contents
Provider

MBMS GW

MME

Figure 15.1.1-2: e MBMS Architecture deployment alternatives

PDN BMSC
Gateway

... SOmo[ [ 8Gimb
WiE | _sm || MeMS || vews
M3
MCE M1
M2

eNB eNB

MBMS for V2X

When MBMS is usedto deliver downlink V2X messages, thelocalized MBMS specified in TS 23.285 [72] may be
used to improve latency if desired.

Single TMGI in non-overlapped MBMS service areas or multiple TMGIs in overlapped MBMS service areas may be
used to support small MBMS areas for V2X.

15.1.2 E-MBMS User Plane Protocol Architecture

The overall U-plane architecture of contentsynchronizationis shown in Figure 15.1.2-1. This architecture is based on
the functionalallocation for Unicast and the SYNC protocol layeris defined additionally on transport network layer to

support content synchronization mechanism.
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SYNC: Protocol to synchronise
data used to generate a certain
radio frame

Figure 15.1.2-1: The overall u-plane archite cture of the MBMS content synchronization
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The SYNC protocolis defined as a protocol to carry additional information that enable eNBs to identify the timing for
radio frame transmissionand detect packetloss. Every EEMBMS service uses its own SYNC entity. The SYNC
protocolis applicable to DL and is terminated in the BM-SC.

15.1.3 E-MBMS Control Plane Protocol Architecture

The EEMBMS C-plane protocol architecture is shown in Figure 15.1.3-1.
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Figure 15.1.3-1: The E-MBMS c-plane architecture

MCCH is terminated in the eNB on the network side. How to achievethe synchronisation of MCCH signalling is
describedin subclause 15.3.8.

15.2 MBMS Cells
15.2.1 MBMS-dedicated cell

Cells performing only MBMS transmissions are referred to as MBMS-dedicated cells. UEs not supporting FeMBMS
are not supported on thesecells. Pagingis not supported on an MBMS-dedicated cell.

ForMBMS-dedicated cells:
- MTCHand MCCH are mapped on MCH for MBSFN trans mis sion;

MBMS-dedicated cells donotsupport unicast traffic in the downlink and these cells cannot be used as PCell or PSCell.
Systeminformation required to receive MBMS fromMBMS-dedicated cells is broadcasted on non-MBSFN subframes.

The systeminformation change notification as wellas ETWS/CMA S notification are provided via L1 signalling on
non-MBSFN subframes. The PBCH of MBMS-dedicated cell, uses a different scrambling sequence initialization than
the PBCH of MBMS/Unicast-mixed cell which prevents UEs notsupporting FeMBMS fromcamping on this cell.

15.2.2 MBMS/Unicast-mixed cell

Cells performing both MBMS andunicast transmis sions are referred to as MBM S/Unicast-mixed cells.
For MBMS/Unicast mixed cells:

- MTCHand MCCH are mapped on MCH for MBSFN transmission;

- SC-MTCH and SC-MCCH are mapped on DL-SCH for SC-PTM transmission;

- Transmissionofbothunicastand MBMS in the cellis done in a co-ordinated manner.

15.2.2.1 FeMBMS/Unicast-mixed cell

An FeMBMS/Unicast-mixed cell is an MBM S/Unicast-mixed cell that operates with at leastoneofthe following:
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- subframes4or9 orboth configured as MBSFN subframes
- subframes thatmay not contain unicast control region

The FeMBMS/Unicast-mixed cell cannotbe usedas a PCell or PSCell. To provide unicast traffic on non-MBSFN
subframes, such cellneeds to be configured as an SCell. UEs not supporting FeMBMS are not supported on these cells
and camping of such UEs is prevented by using cell barring mechanismofSIBI. Paging forincoming calls is not
supported on suchcells and systeminformation change notification as wellas ETW S/CMAS notification are provided
with L1 signalling.

15.3 MBMS Transmission

15.3.1 General

Transmissionofa MBMS in EFUTRAN uses either MBSFEN transmis sion or SC-PTM transmission. The MCE makes
the decisionon whetherto use SC-PTM or MBSFN foreach MBMS session.

15.3.2 Single-cell transmission

Single-cell transmission of MBMS is characterized by:
- MBMSis transmitted in the coverage ofa single cell;
- One SC-MCCH and one or more SC-MTCH(s ) are mapped on DL-SCH;
- Schedulingis doneby theeNB;

- SC-MCCH and SC-MTCH transmissions are each indicated by a logical channel s pecific RNTI on PDCCH
(there is a one-to-one mapping between TMGI and G-RNTI used forthe reception ofthe DL-SCH to which a
SC-MTCH is mapped);

- Asingle transmissionis used for DL-SCH (i.e. neither blind HARQ repetitions nor RLC quick repeat) on which
SC-MCCH or SC-MTCH is mapped;

- SC-MCCH and SC-MTCH use the RLC-UM mode.
Foreach SC-MTCH, the following scheduling informationis provided on SC-MCCH:
- SC-MTCH scheduling cycle;

- SC-MTCH on-duration: durationin downlink subframes that the UE waits for, after waking up from DRX, to
receive PDCCHs. If the UE successfully decodes a PDCCH indicating the DL-SCH to which this SC-MTCH is

mapped, the UE stays awake and starts the inactivity timer;

- SC-MTCH inactivity-timer: duration in downlink subframes thatthe UE waits to successfully decode a
PDCCH, fromthe last successful decoding ofa PDCCH indicating the DL-SCH to which this SC-MTCH is

mapped, failing which it re-enters DRX. The UE shallrestart the inactivity timer following a single successful
decodingofa PDCCH.

NOTE 1: The SC-PTM reception opportunities are independentofthe unicast DRX scheme.
NOTE2: The SC-MTCH inactivity-timermay be setto 0.

NOTE 3: Althoughthe above parameters are per SC-MTCH (i.e. per MBMS service), the network may configure
the same scheduling pattern for multiple SC-MTCHs (i.e. multiple MBMS services).

NOTE4: ForNB-IoT UEs, the definition ofthe above parameters does not apply.

NOTES: ForBL UEs and UEs in enhanced coverage, the definition ofthe above parameters does not apply.
15.3.3 Multi-cell transmission

Multi-cell transmission of MBMS is characterized by:

- Synchronous transmission of MBMS within its MBSFN Area;
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- Combining of MBMS transmission frommultiple cells is supported;
- Schedulingofeach MCH is doneby the MCE;

- Asingle transmissionis used for MCH (i.e. neither blind HARQ repetitions nor RLC quick repeat);

- Asingle Transport Blockis used per TTI for MCH transmission, that TBuses allthe MBSFN resources in that
subframe;

- MTCHand MCCH can be multiplexed on the same MCH and are mapped on MCH for p-t-mtransmission;
- MTCHand MCCH use the RLC-UM mode;
- The MACsubheaderindicates the LCID for MTCH and MCCH,

- The MBSFN Synchronization Area, the MBSFN Area, andthe MBSFN cells are semi-statically configurede.g.
by O&M;

- MBSFN areas are static, unless changed by O&M (i.e. no dynamic change ofareas);

NOTE: The UEis notrequired to receive services frommore than one MBSFN Area simultaneously and may
support only a limited number of MTCHs.

Multiple MBMS services can be mappedto the same MCH and one MCH contains data belonging to only one MBSFN
Area. An MBSFN Area contains one ormore MCHs. An MCH specific MCS is used forall subframes ofthe MCH that

do notuse the MCS indicated in BCCH. All MCHs have thesame coveragearea.

ForMCCH and MTCH, the UE shallnot performRLC re-establishment at cell changebetween cells ofthe same
MBSEFN area. Within the MBSFN subframes, all MCHs within the same MBSFN area occupy a pattern of subframes,
notnecessarily adjacent in time, that is common forall these MCHs and is therefore called the Common Subframe
Allocation (CSA) Pattern. The CSA patternis periodically repeated with the CSA period. The actual MCH subframe
allocation (MSA) forevery MCH carrying MTCH is defined by the CSA pattern, the CSA period, and the MSA end,
that are all signalled on MCCH. The MSA end indicates the lastsubframe of the MCH within the CSA period.
Consequently, the MCHs are time multiplexed within the CSA period, which finally defines the interleaving degree
between the MCHs. It shall be possible for MCHs to notuseall MBSFN resources signalled as part ofthe Rel-8
MBSEFN signalling. Further, such MBSFN resource can be shared for more than one purpose (MBMS, Positioning,
etc.). During one MCH scheduling period (MSP), which is configurable per MCH, the eNB applies MAC multiplexing
of different MTCHs and optionally MCCH to be transmitted on this MCH.

MCH scheduling information (MSI)is provided per MCH to indicate which subframes are used by each MTCH during
the MSP, and to indicate whether transmission foran MTCH is going to be, orhas been, suspended by theeNode B.
The following principles are used forthe MSI:

- itis used bothwhenservices are multiplexed ontothe MCH and when only a single service is transmitted onthe
MCH;

- itis generated by theeNBand provided once at thebeginning of the MSP;
- it has higherscheduling priority thanthe MCCH and, whenneeded, it appears first in the PDU;

- it allows thereceiverto determine what subframes are used by every MTCH, sessions are scheduled in the order
in which they are included in the MCCH session list;

- itis carried ina MAC control element which cannot be segmented;

- it carries the mapping of MTCHs to the subframes ofthe associated MSP. This mappingis based on the indexing
of subframes belongingto one MSP;

- it carries an indication of whether the transmissionofan MTCH is to be suspended by theeNode B.
The contentsynchronization for multi-cell transmissionis provided by the following principles:

1. AlleNBs in a given MBSFN Synchronization Areahave a synchronized radio frame timing such thatthe radio
frames are transmitted at thesame time and havethe same SFN.
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2. AlleNBs have the same configuration of RLC/MAC/PHY foreach MBMS service, and identical information
(e.g.time information, transmission order/priority information) such that synchronized MCH scheduling in the
eNBs is ensured. Theseare indicated in advance by the MCE.

3. An EEMBMS GW sends/broadcasts MBMS packet with the SYNC protocolto each eNB transmitting the
service.

4. The SYNC protocol provides additional information so thatthe eNBs identify the transmissionradio frame(s).
The EEMBMS GW does not need accurate knowledge ofradio resourceallocation in terms ofexact time division

(e.g.exact start time ofthe radio frame transmission).
5. eNB buffers MBMS packet and waits for the transmission timing indicated in the SYNC protocol.

6. The segmentation/concatenationis needed for MBMS packets and should be totally up to the RLC/M A Clayerin
eNB.

7. The SYNC protocol provides means to detect packet loss(es) and supports a recovery mechanismrobust against
loss of consecutive PDU packets (MBMS Packets with SYNC Header).

8. Forthe packet loss case thetransmission ofradio blocks potentially impacted by thelostpacketshould be muted.

9. The mechanismsupports indication or detection of MBMS data burst termination (e.g. to identify and alternately
use available spare resources related to pauses in the MBM S PDU data flow).

10. If two or more consecutive SYNC SDUs within a SYNC bearer are not received by the eNB, orif no SYNC
PDUs of Type Oor3 are received for some synchronization sequence, the eNB may mute the exact subframes
impacted by lost SYNCPDUs using information provided by SYNC protocol. If not muting only those exact
subframes, the eNB stops transmitting the associated MCH fromthe subframe corresponding to the consecutive
lossesuntilthe end ofthe corresponding MSP and it does not transmit in the subframe corresponding to the M SI
of'that MSP.

11. The eNB sets VT (US) to zero in the RLC UM entity corresponding to an MCCH at its modification period
boundary.

12. The eNB sets VT(US) to zero in each RLC UM entity corresponding to an MTCH at the beginning ofits MSP.
13. The eNB sets every bit in the MACpaddingon MCHto "0".

14. The eNB’s RLC concatenates as many RLC SDUs from the same radio beareras possible.

15. The eNB’s MACmultiplexes as many RLC PDUs as fit in the Transport Block.

16. The eNB sets every padding bit in the RLC UM PDU corresponding to an MTCH orMCCH to "0".

17. AMACPDU including a MA Csubheader fora MTCHMACSDU always includes non-zero size of MTCH
MACSDU.

18. AMACPDU including a MA Csubheader fora MSIMAC control element always includes non-zero size of
MSIMACcontrolelement.

15.3.4 MBMS Reception States

UEs that are receiving MTCH and/or SC-MTCH transmissions canbe in RRC IDLE orexcept for NB-IoT UEs, BL
UEs or UEs in enhanced coverage,in RRC_CONNECTED state.

UEs except for NB-IoT UEs, BL UEs or UEs in enhanced coverage that are receiving MTCH canalso be in Receive
Only Mode as defined in TS 23.246 [48].

15.3.5 MCCH Structure

The following principles govern the MCCH structure:
- One MBSFN Area is associated with one MCCH and one MCCH corresponds to one MBSFN Area;

- The MCCH is sent on MCH;
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MCCH consists ofa single MBSFN Area configuration RRC message which lists allthe MBMS services with
ongoingsessions and an optional MBMS counting request message which, when present, comes after the former
messagein the repetition period;

MCCH is transmitted by all cells within an MBSFN Area, except the MBSFN Area Reserved Cells;
MCCH is transmitted by RRC every MCCH repetition period,
MCCH uses a modification period;

A notification mechanismis usedto announce changes of MCCH due to either Session Start or the presence of
an MBMS counting request message;

- Thenotificationis sent periodically throughout themodification period preceding the change of MCCH, in
MBSFN subframes configured for notification;

- The DCI format 1C with M-RNTTis used fornotificationand includes an 8-bit bitmap to indicatethe one or
more MBSFN Area(s) in which the MCCH change(s);

- The UE monitors more than one notification subframe per modification period;
- When theUEreceives anotification, it acquires the MCCH at the next modification period boundary;

The UE detects changes to MCCH which are not announced by the notification mechanismby MCCH
monitoring at the modification period.

15.3.5a SC-MCCH structure

The following principles govern the SC-MCCH structure:

there is one SC-MCCH per cell;

the SC-MCCH is sent on DL-SCH;

the SC-MCCH provides thelist ofall MBMS services with ongoing sessions transmitted on SC-MTCH(s),
including foreach MBMS service TMGI and optional session ID, associated G-RNTIand scheduling
information;

SC-MCCH is transmitted by RRCevery SC-MCCH repetition period,
SC-MCCH uses a modification period;

Except for NB-IoT UEs, BL UEs or UEs in enhanced coveragea notification mechanismis usedto announce
changes of SC-MCCH due to Session Start:

- Thenotificationis sent in the first subframe in a repetition period wherethe SC-MCCH can be scheduled.
The notificationis sent using the DCI format 1C with SC-N-RNTT and one bit within the 8-bit bitmap;

- When the UEreceives a notification, it acquires the SC-MCCH in the same subframe;
ForNB-IoT UEs, BL UEs or UEs in enhanced coverage:
- Two notification mechanisms are used to announce changes of SC-MCCH due to Session Start:

- A notification is sent in the DCI with SC-RNTI scheduling SC-MCCH. Whenthe UEreceives the
notification, it acquires the SC-MCCH in the same modification period,;

- A notification is sent in the DCI with G-RNTI scheduling SC-MTCH. Whenthe UEreceives the
notification, it acquires the SC-MCCH in the next modification period;

- Onenotification mechanismis usedto announce changes of SC-M CCH for the ongoing service:

- Thenotificationis sent in the DCI with G-RNTI scheduling SC-MTCH. When the UEreceives the
notification, it acquires the SC-MCCH in the next modification period.

The UE detects changes to SC-MCCH which are not announced by thenotification mechanismby SC-MCCH
monitoring at the modification period.
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15.3.6 MBMS signallingon BCCH

- BCCH only points to theresources wherethe MCCH(s )/SC-MCCH can be foundi.e. it does not indicate the
availability ofthe services;

- Foreach MCCH, BCCH indicates independently:
- thescheduling ofthe MCCH for multi-cell transmissionon MCH;
- the MCCH modification period, repetition period radio frame offset and subframe allocation;

- an MCS which applies to the subframes indicated for MCCH scheduling and for the first subframe ofall
MSPs in that MBSFN Area.

- Forthe notification commonly used forall MCCH, BCCH:

- configures theposition ofthe MCCH change notification subframe and the number of occasions monitored
by the UE;

- indicates the mapping between the PDCCH bit(s ) carried in the notificationand the MCCH(s).

- BCCH indicates the SC-M CCH modification period, SC-MCCH repetition periodand SC-MCCH subframe
offset.

15.3.7 MBMS User Data flow synchronisation

The synchronised radio interface transmission fromthe cells controlled by different eNBs requires a SYNC-protocol
support betweenthe BM-SCand theeNBs.

As part ofthe SYNC-protocol procedures the BM-SC shall include within the SYNC PDU packets a time stamp which
tells the timing based onwhich theeNB sends MBMS data overthe air interface. This time stamp is based ona
common time reference, and common start ofthe first synchronisation period available at the BM-SCand the concemed
eNBs and represents a relative time value which refers to the start time ofthe synchronisation period.

The BM-SC shallset the timestamp ofall SYNC PDU packets in one synchronisation sequence ofan MBMS service to
the same value. The BM-SCshould take into account the following factors forsetting the timestamp: arrival time of
data, the Maximum Transmission Delay fromthe BM-SC to the farthermosteNB, the length ofthe synchronisation
sequence used for time stamping and other extra delay (e.g. processing delay in the eNB). The MSP lengthis one or
multiple times of the synchronisation sequence length for MBMS services in the MCH.

MBMS userdata shall be time-stamped based on separable synchronisation sequences which are tied to multiples ofthe
TTI length. Each synchronisation sequence for each service is denoted by a single timestamp value working in sucha
manner that an increaseofthe timestamp value by one or more synchronisation sequence lengths shallbe interpreted as
an implicit start-of-a-new-synchronisation-sequence-indicator, so that theeNBbecomes aware that a new sequence is
starting,

The BM-SC does not know the absolute time point at which a TTI starts, but the sequence length for the time stamp is
setby O&M like the delay parameters. The BM-SC will use the delay parameters to define thetransmission time point
of that userdatapacket and forthe following user data packets the sequence length for the time stamp: following user
data packets arriving within e.g. 40ms will receive the same time stamp value as the first datapacket, ifthe sequence
length is set to be 40ms.

In MBSFN operation,the eNB shall schedule the received datapackets in the first MSP following the time point
indicated by the timestamp unless the MBMS service is suspended, in which case no packetshallbe sentby eNB. When
a suspended MBMS service is resumed, theeNB shall enable the transmission fromthe beginning ofthe Modification
Period indicated by the MCCH Update Time.

The elementary procedures related to the SYNC-protocol are defined in [36].

Based on the parameters in the SYNC Header (e.g. Timestamp, Packet Number, Elapsed Octet Counter), the eNB is
able to derive the timing for downlink radio transmission and noticeifany SYNC packets are lost during transmission
from BM-SC to the eNB. The eNBiis also able to knowthe size ofthe lost SYNCpacket in case a single SYNC packet
is lost. Furthermore, the eNBmay also be able to know the sizes ofeach lost SYNC packet if multiple consecutive
SYNC packets are lost. Additionally theeNBis able to reorder the PDUs beforepassingthemto RLC processing, if
needed.
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Atthe end ofeach synchronisation sequence the BM-SCshallsendto theeNBs a userdata frame, which contains
counter information including 'Total Number Of Packet Counter' and 'Total Number Of Octet' without MBMS payload.
This Total Counter frame is implicitly marking the end-of-sync.seq. The Total Counter frame withoutpayload may be
repeatedin order to improve the reliability ofthe delivery tothe eNBs.

In MBSFN operation, in case the SYNC protocol delivers more data foran MCH than theairinterface can transport in
the scheduling period, the following procedure shallbe used by the eNB. As longas theeNB must drop a packet
because it has too much data for this MCH scheduling period, it does the following,

- selectthelastbeareraccordingto theorderin the MCCH list with a SYNC SDU available for dropping;

- fortheselected bearer, drop theavailable SYNC SDU with the highest Packet Numberamong the SYNC SDUs
with the latest Timestamp.

A SYNC SDU is considered available for dropping whentheeNBknows its size and it has not beendropped by the
eNB.

In SC-PTM operation, iffhow to use the timestamp information s left to eNB implementation.

15.3.8 Synchronisation of MCCH Update Signalling via M2

The synchronised radio interface transmission fromthe cells controlled by different eNBs require means to ensure that
the MCCH contentis updated at the same modification period border in each cell belonging to the same MBSFN Area.

The MCE and the concerned eNBs maintain a common time reference which allows each node to be aware ofthe
modification period boundary within an MBSFN Area. In addition, cachnode maintains a counter of modification
periods which is incremented by one at each modification period boundary. This counter which is based on common
start ofthe first MCCH modification period, allows the MCEto indicate to the eNBs at which modification period the
MCCH updateshalltake place. The MCEshall ensure that it starts to informall eNBs within the MBSFN Area well in
advance. In caseofthe simultaneously change ofthe MCCH information and the MCCH related BCCH information,
the eNBmay use this counter to decideafter which BCCH modification period the MCCH related BCCH information
updatetakes place.

15.3.9 |IP Multicast Distribution

To improve the transport efficiency the [P Multicast shallbe used forthe MBMS payload distribution in the backbone
network between the MBM S-GW and theeNBs thathave joined the IP Multicast Group.

The MBMS-GW allocates the Transport Layer Address(es) used for the IP multicast and the DL TEID used forthe M1
Transport association. The MBMS-GW sends this informationto the MME(s) during the Session Start procedure. The
MCE(s)receives these parameters fromthe MMEin the MBMS Session Start Requestmessage. The MCE passes the
received parameters including at least one setofthe Transport Layer Address to therelevant eNBs.

If the eNB accepts the MBMS Session Start request, or if it is required following the acceptance ofthe MBMS Session
Update request, the eNB joins the channel (IP Multicast and Source address) to the backbone in order to join the bearer
service multicastdistribution.

The MBMS payloadis forwarded by the MBMS-GW towards the I[P Multicastaddress(es). The eNBs havingjoined
that IP Multicastwill receive the user data packets (SYNC PDU) together with the synchronisation-related information

in headerpart of SYNC PDU.

15.4  Service Continuity

Mobility procedures for MBMS reception allow the UEto start or continue receiving MBMS service(s) via MBSFN or
SC-PTM when changing cell(s). Foreach MBMS service provided using SC-PTM, E-UTRAN indicates in the SC-
MCCH the list ofneighbour cells providing this MBMS servicesothatthe UE can requestunicast reception of the
service before changing toa cellnot providingthe MBMS service using SC-PTM.

For MBSFN transmission, EEFUTRAN procedures provide support for service continuity with respectto mobility within
the same MBSFN area. Within the same geographic area, MBMS services canbe provided onmore than one frequency
and the frequencies used to provide MBMS services may change fromone geographic area to another within a PLMN.

UEs that are receiving MBMS service(s) in RRC IDLE state performing cellreselectionorare in RRC_ CONNECTED
state obtain target cell (SC-)M TCH information from the target cell (SC-)M CCH.
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To avoid the need to read MBMS related systeminformation and potentially (SC-)MCCH on neighbour frequencies, the
UE is made aware of which frequency is providing which MBMS services via MBSFN or SC-PTM throughthe
combination ofthe following MBMS assistance information:

- userservicedescription (USD): in the USD (see 3GPP TS 26.346 [49]), the application/servicelayer provides
for each servicethe TMG@I, the session start and end time, the frequencies and the MBMS service area identities
(MBMS SATs, see definitionin section 15.3 of 3GPP TS 23.003 [26]) belonging tothe MBMS service area (see
definition in 3GPP TS 23.246 [48]);

- systeminformation: MBMS and non-MBMS cells indicate in SysteminformationBlockType 15 the MBMS SAls
of the currentfrequency and ofeach neighbour frequency.

The MBMS SATs ofthe neighbouring cellmay be provided by X2 signalling (i.e. X2 Setup and eNB Configuration
Update procedures) or/and OAM.

When applying the procedures described below for UEs in RRC_IDLE and RRC_CONNECTED state:

- the UE does notneedto verify that a frequency is providing a MBMS service by acquiring (SC-)M CCH and may
apply these procedures eventhougha MBMS service is not provided via MBSFN or SC-PTM;

- the UE may considerthataserviceis providedifa sessionofthis serviceis ongoing as derived fromthe session
start and end times indicated for this service in the USD and ifa frequency provides this service;

- the UE determines the frequency on which a service is provided according to the following:

- if the servingcell provides SysteminformationBlockType 15 (SystemInformationBlock Type 15-NBin NB-1oT),
the UE considers thata frequency is providingthe MBMS service via MBSFN or SC-PTM if and only if one
of the MBMS SAI(s) of this frequency as indicated in SystemInformationBlockTypel 5 ofthe serving cellis
indicated forthis MBMS service in the USD;

- except forNB-IoT UEs, BL UEs or UEs in enhanced coverage, ifthe serving celldoes not provide
SystemInformationBlockTypel5,the UEin RRC IDLE state may consider that a frequency included in the
USD for the MBMS serviceis providing this MBMS service as long as the UEreselects cells where

SystemInformationBlockTypel 3 is provided.

Except for NB-IoT UEs, BL UEs or UEs in enhanced coverage, in RRC IDLE, the UE applies the normal cell
reselectionrules with the following modifications:

- the UE which is receiving MBMS service(s) via MBSFN or SC-PTM and can only receivethese MBMS
service(s) via MBSFN or SC-PTM while camping on the frequency providingthese MBMS service(s) is allowed
to make this frequency highest priority;

- the UE which is interested in receiving MBMS service(s) via MBSFN or SC-PTM and can only receive these
MBMS service(s) via MBSFN or SC-PTM while camping on the frequency providing these MBMS service(s) is
allowed to make this frequency highest priority when it intends to receivethese MBMS service(s);

- when the MBMS service(s) which the UE s interested in are no longeravailable (afterthe end ofthe session) or
the UE is no longerinterested in receiving the service(s), the UEno longer prioritises the frequency providing
these MBMS service(s);

NOTE 1: In RRC IDLE, when the above modifications to cellreselectionrules are applied, the prioritization
between the frequency providing these MBMS service(s) and the frequency ofa CSGeell, and the
autonomous search are left to UE implementation.

ForNB-IoT UEs, BL UEs or UEs in enhanced coverage, the UEapplies the normal cellreselectionrules with the
following modifications:

- the UE which is receiving MBMS service(s) via SC-PTM and can only receive these MBMS service(s) via SC-
PTM while camping on the frequency providing these MBMS service(s) applies an offset signalled in
SystemInformationBlockType5-NB for NB-loT UEs and SysteminformationBlockType5 for BL UEs or UEs in
CE to this frequency in ranking based cell reselection;

- the UE which is interested in receiving MBMS service(s) via SC-PTM and canonly receive these MBMS
service(s) via SC-PTM while camping on the frequency providing these MBMS service(s) applies an offset
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signalled in SystemInformation BlockType5-NB for NB-loT UEs and SysteminformationBlockType5 for BLUEs
or UEs in CE to this frequency in ranking based cellreselection;

- when the MBMS service(s) which the UE s interested in are no longeravailable (afterthe end ofthe session) or
the UE is no longerinterested in receiving the service(s), the UEno longerapply the offsetto the frequency
providing these MBMS service(s) in ranking based cell reselection.

Except for NB-IoT UEs, in RRC_CONNECTED, the UE that is receiving or interested to receive MBMS via MBSFN
or SC-PTM informs the network aboutits MBMS interest via a RRC messageand the network does its bestto ensure

that the UEis able to receive MBMS and unicast services subject to the UE’s capabilities:

- the UE indicates the frequencies which provide theservice(s) that the UE s receiving oris interested to receive
simultaneously, and which canbe received simultaneously in accordance with the UE capabilities.

- if the PCell broadcasts SysteminformationBlockType20,the UEalso indicates thelist of services thatthe UEis
receiving oris interested to receive on theindicated frequencies.

- the UE indicates its MBMS interestat RRC connection establishment (the UEdoes not need towait until AS
security is activated), and whenever the set of frequencies on which the UEis interested in receiving MBMS
services has changed compared with the last indication sent to thenetwork (e.g. due to a change of user interest
or of service availability ), and whenever the list of MBMS services thatthe UEis interested in receiving has

changed compared with the lastindication sent to the network.

- the UE may only indicate its interest when the PCell provides SystemInformationBlockType 15 and after having
acquired SystemlInformationBlockTypel 5 ofthe current PCell.

- the UE may indicate its MBMS interest even ifthe currentconfigured serving cell(s) do not preventit from
receiving the MBMS services it is interested in.

- the UE indicates with a single bit whether it prioritises MBMS reception over unicast. This priority indication
applies to allunicast bearers and all MBMS frequencies. It is sent whether the MBMS frequencies are congested
ornot.

- the EEUTRANTeuses the Supported BandCombinationIEto derive the UEs MBMS related reception
capabilities, i.e. the EEFUTRAN tries to ensure that the UEis able to receive MBMS and unicast bearers by
providing themon the frequencies indicated in SupportedBandCombination IEsignalled by the UE. The UE
supporting MBMS reception via MBSFN or SC-PTM shall support MBMS reception via MBSFN or SC-PTM
respectively, on anyservingcelland on any cell that may be additionally configured as serving cellaccordingto

the UE capabilities.

- the E-UTRAN tries to ensure thatthe UEwhich does notsupport simultaneous reception ofunicast transmission
and SC-PTM transmission in one subframe on onecarrier is able to receive the indicated MBMS services
transmitted via SC-PTM and to receiveunicast bearers by scheduling themin different subframes.

- for handover preparation, the source eNB transfers the MBMS interest ofthe UE, if available, to the target eNB.
Afterhandover, the UEreads SystemiInformationBlockTypel 5 before updating its MBMS interest. If
SystemInformationBlockTypel5 is provided onthe targetcell but not onthe source cell, the UEindicates its

MBMS interest afterhandover.

If MBMS is prioritised and the unicastconnection cannot bemaintained because of congestion onthe MBMS carrier
then the EEUTRAN releases unicastbearers. It is left to EEFUTRAN implementation whether all bearers or only GBR
bearers are released. The EEFUTRAN does nottrigger re-establishment ofthe released unicast bearers. For congestion
control, the EEFUTRAN can rely on existing access control mechanisms.

The E-UTRAN may take into account the UE priority for MBMS orunicast reception when receiving an indication of
proximity to a CSG cell from a UE which also indicated interestin MBMS reception (or vice-versa).

15.5  Network sharing

Unicast mobility shallnot be affected by the sharing of MBMS resources by operators.
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15.6  Network Functions for Support of Multiplexing

Considerable gain in radio resource efficiency canbe achieved by multiplexing several EEMBMS services onasingle
MCH. The services that share theresources are called EEMBMS Service Multiplex. The amount of common radio
resources allocated tosuchan E-EMBMS Service Multiplexcan be smaller than the sumofradio resources, which would

need to be allocated forthe individual services without multiplexing. This represents the statistical multiplexing gain.

The MCE manages the EMBMS Service Multiplexe.g. deciding which services are to be multiplexed on which MCH.
The durationofeach EEMBMS service may be different, so there is a need to manage the Service Multiplex
dynamically, i.e. addition orremoval of services into/fromthe EEMBMS Service Multiplex. The MCEallocates the
optimal amount ofresources to multiplexed services, using service related information. The MCEselects the CSA
pattern forthe MCHs and also the order in which the services appear in the MCCH. MBSFN transmission is ensured by
identical multiplexing of the services in all cells belonging to thesame MBSFN area. The location ofthe multiplexing

function is in the eNBMA Clayer.

These functions are supported by respective signalling informationon M2 interface. This scheduling informationis sent
to all eNBs via the M2 interface procedure "MBMS Scheduling Information”.

eNB MCE

MBMS SCHEDULING INFORMATION

MBMS SCHEDULING INFORMATION RESPONSE

Figure 15.6.1 MBMS Scheduling Information procedure message flow on M2 interface

15.7 Procedures

15.7.1 Procedures for Broadcast mode

15.7.1.1 Session Start procedure

The purposeofthe MBMS Session Start procedure is to request the EEFUTRAN to notify UEs aboutan upcoming
MBMS Sessionofa given MBMS Bearer Service and to establish an MBMS E-RAB for this MBMS Session. The
MBMS Session Start procedure is triggered by the EPC.
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1.

UE eNB MCE MME
1. MBMS Session
Start Request.
<
2. MBMS Session Start
3. MBMS Session Response.
Start Request >
<
4. MBMS Session
Start Response.
5. MBMS Scheduling
Information
<
6. MBMS Scheduling
Information Response
7. MBMS session
start
<
.................... °

8. eNB will join the IP
Multicast group for the user
plane data delivery

9. Synchronized
MBMS user data

Figure 15.7.1.1-1. Session Start procedure

The MMEsends MBMS session start request message to the MCE(s ) controlling eNBs in the targeted MBMS
service area. The message includes the IP multicast address, sessionattributes and the minimum time to wait

before the first data delivery, andincludes thelist of cell identities ifavailable.

NOTE: The MMEdoes notneedto checkthe PLMNID included in the TMGI

2.

T he MCE decides whetherto use SC-PTM or MBSFN to carry the MBMS bearer overthe air interface.

In MBSFN operation, the MCE checks whether the radio resources are sufficient for the establishment ofnew
MBMS service(s) in the area it controls. Ifnot, MCE decides not to establish the radio bearers of the MBMS
service(s) and does not forward the MBMS session start request messageto the involved eNBs, or may pre-empt
radio resources fromotherradio bearer(s) ofongoing MBMS service(s) according to ARP. The MCE confirms
the receptionofthe MBMS Session Start request to the MME. This message can be transmitted before thestep 4.
Only in case ofdistributed MCEarchitecture radio resourcesetup is scheduled according to the parameter "time
of MBMS data transfer" which indicates an absolutestart time of data delivery, otherwise accordingto the
"minimum time to MBMS data transfer" parameter.

In SC-PTM operation, the MCE only confirms the reception ofthe MBMS Session Startrequest to the MME,
afterthe MCE receives at least one confirmation fromthe eNB(s) (i.e. Step 4).

In MBSFN operation, the MCEsends the MBMS Session Start Request message to therelevant eNBs. Ifthe
MBMS Session Start messageincludes the MBMS Service Area Identity with value O as definedin TS 23.003
[26], the MCE shall considerthat allthose eNBs supportingthe PLMN as indicated by the received MBMS
Session Start Request message are involved. The MCE then determines in which MBSFN area(s) theservice
shouldbe delivered.

In SC-PTM operation, the MCE includes the SC-PTM information (i.e. list of cell identities and QoS
information received fromthe MMEin Step 1), in the MBMS Session Start Request messageto therelevant
eNBs.
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NOTE: TheMCE does notneed tocheckthe PLMN ID included in the TMGI.

NOTE: When to send the MBMS Session Start message fromMCE to eNB according to the minimumtime to
wait indication is an MCE implementation issue.

4. In MBSFN operation, eNB confirms the reception ofthe MBMS Session Start message.

In SC-PTM operation, the eNB checks whether the radiores ources are sufficient for the establishmentofnew
MBMS service(s) in the area it controls. Ifnot, eNB decides not to establish the radio bearers ofthe MBMS
service(s), ormay pre-empt radio resources fromotherradio bearer(s) according to ARP. eNB confirms the

reception ofthe MBMS Session Start message.
Step 5 and 6 are only applicable to MBSFN operation.

5. MCE sends the MBMS Scheduling Information message to the eNB including the updated MCCH information
which carries the MBMS service’s configuration information. This message can be transmitted before thestep 3.

6. eNB confirms the reception ofthe MBMS Scheduling Information message.

7. eNB indicates MBMS sessionstart to UEs by MCCH change notification and updated M CCH information which
carries the MBMS service’s configuration information.

8. eNB joins the IP multicast group to receivethe MBMS User Plane data.
9. eNB sendsthe MBMS data to radio interface; In MBSFN operation, the MBMS datais sent at the determined
time.
15.7.1.2 Session Stop procedure

The MBMS Session Stop procedure is to requestthe EFUTRAN to notify UEs about theend ofa given MBMS Session
and to release the corresponding MBMS E-RA B this MBMS Session. The MBMS Session Stop procedure is triggered

by the EPC.

UE | ens | | McE | MME

1. MBMS Session Stop

Request
4 q
2. MBMS Session Stop
3. MBMS Session Stop Response P
4 Request

4. MBMS Session Stop
Respanse >

5. MBMS Scheduling
6. MBMS Scheduling
Information Response

7. MBMS Session Stop

8. RR Release

eee-———cNBwillleavethell _ _____ °
multicast grpup for the

user plane data delivery

Figure 15.7.1.2-1. Session Stop procedure

1. The MMEsends MBMS sessionstop request message to the MCE(s) controlling eNBs in the targeted MBMS
service area.

2. MCE confirms the reception ofthe MBMS Session stop request to the MME.
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3. MCE forwards the MBMS Session stop message tothe relevanteNBs.
4. eNB confirms the reception ofthe MBMS Session stop message.

Step 5 and 6 are only applicable to MBSFN operation.

5. MCE sendsthe MBMS Scheduling Information message to the eNB including the updated MCCH information
which carries the MBMS service’s configuration information. This message can be transmitted before thestep 3.

6. eNB confirms the reception ofthe MBMS Scheduling Information message.

7. eNB indicates MBMS sessionstop to UEs by removing any service configuration associated with the stopped
session fromthe updated MCCH message.

8. The corresponding E-RABis released, and eNB leaves the IP multicast group.

15.7a M1 Interface

15.7a.1 M1 User Plane

The M1userplane interface is defined between theeNB and the MBMS GW. The M 1 user plane interface provides non
guaranteed delivery ofuser plane PDUs betweenthe eNBand the MBMS GW. The user plane protocol stack on the M1
interface is shownin Figure 15.7a.1-1. The transport network layeris built on IP transportand GTP-U is used on top of
UDP/IP to carry the user plane PDUs between the eNBand the MBMS GW.

User plane PDUs

1P

Data link layer

Physical layer

Figure 15.7a.1-1: M1 Interface User Plane (eNB — MBMS GW)

15.8 M2 Interface
15.8.1 M2 Control Plane

The M2 controlplane interface is defined between the eNB and the MCE. The control plane protocol stack ofthe M2
interface is shownon Figure 15.8.1-1. The transportnetwork layer is built on IP transport, for the reliable transport of
signalling messages SCTP is added on top of IP. The application layersignalling protocol is referred to as M2AP (M2

Application Protocol).
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M2AP

SCTP

1P

Data link layer

Physical layer

Figure 15.8.1-1: M2 Interface Control Plane (eNB-MCE)

The SCTP layerprovides the guaranteed delivery ofapplication layer messages.
In the transportIP layer point-to-point transmission is used to deliver thesignalling PDUs.

A single SCTP association per eNB-MCE interface instance shallbe used with onepair of streamidentifiers for M2
common procedures. Only a few pairs of streamidentifiers should be used for M2 MBM S-service-associated
procedures. eNB and MCE communication context identifiers that are assigned by the eNB and the MCE for M2
MBMS-service-associated procedures shallbe used to distinguish MBMS service specific M2 signalling transport
bearers. The communication context identifiers are conveyed in the respective M2AP messages.

15.8.2 M2 Interface Functions
15.8.2.1 General

The M2 interface provides the following functions:
- MBMS Session Handling Function:
-  MBMS Session Start, MBMS Session Stop, MBMS Session Update.
-  MBMS Scheduling Information Provision Function.
- M2 Interface Management Function:
- Reset, Error Indication, Restoration.
- M2 Configuration Function.
- MBMS Service Counting Function.

- MBMS Service Suspension and Resumption Function.

15.8.2.2 MBMS Session Handling Function

The MBMS Session Handling Function enables the MCE to provide Session Start, Session Stop and Session Update
messages to the eNBs it is connected to. The MCE provides the information ofthe MBMS session, e.g., the MBMS
Service Area information, and the SC-PTM informationto the eNB, where the SC-PTM informationis included only in
case of SC-PTM operation.

15.8.2.3 MBMS Scheduling Information Provision Function

The MBMS Scheduling Information Provision Function enables the MCE to configure MCCH content according to the
expected orongoing MBMS services, and to configure MCH Scheduling Information for suspension notification.

15.8.2.4 M2 Interface Management Function

The M2 interface management functions provide:
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- means to ensure a defined start of the M2 interface operation (reset);
- means to handle different versions ofapplication part implementations and protocol errors (error indication);

- means to restore services following an eNB failure oran M2 path failure (restoration). The Restoration function
enables the MCEto restore in the eNB the MBMS sessions. This restoration functionis implemented by the
MBMS Session Start procedure.

15.8.2.5 M2 Configuration Function

The M2 Configuration Function allows the eNBand MCEto exchange configuration informationnecessary forthe
operationofthe M2 interface,and MCCH related BCCH content.

15.8.2.6 MBMS Service Counting Function

The MBMS Service Counting Function enables the MCEto performcounting and toreceive counting results per
MBMS service(s) within MBSFN area(s). MCE can performcounting only for those MBMS service(s) for which access

has not been denied by the admission control function for the corresponding MBMS session(s).
15.8.2.7 MBMS Service Suspension and Resumption Function

The MBMS Service Suspension and Resumption Function enables the MCEto requestthe eNB that it may release the
allocated RAN resources, may leave the IP multicast ifalready joined, shallupdatethe MCCH information and shall
suspend the MBSFN transmission while keepingthe MBMS context for that servicein the eNB. If the MCE
subsequently requests the eNB forresumption, then the eNB shall allocate the RAN resources, shallsendthe MCCH
change notification, shallupdate the MCCH information, shall resume the MBSFN transmis sion and shall join IP
multicast if previously left. This MBMS Services Suspension and Resumption function is implemented by the MBMS
Scheduling Information procedure as described in subclause 15.8.3.3.

Suspension/Resumptionof MBMS service provisionis applied to a whole MBSFN area.
15.8.2.8 MBMS Overload Notification Function

The MBMS Overload Notification Function enables the eNB to notify the MCEabout MBMS overload status.
15.8.3 M2 Interface Signalling Procedures
15.8.3.1 General

The elementary procedures supported by the M2AP protocol are listed in Table 2and Table 3 of TS 36.443 [44].

15.8.3.2 MBMS Session signalling procedure

The MBMS Session signalling procedure enables the MCEto deliver Session Start, Session Stop and Session Update
messages to the concerned eNBs. At Session Start and Session Update, the MCE provides the informationofthe
MBMS session, e.g.,the MBMS Service Areainformation, and the SC-PTM information to the eNB, where the SC-

PTM information is included only in case of SC-PTM operation.
15.8.3.3 MBMS Scheduling Information procedure

The MBMS Scheduling Information procedure enables the MCE to update MCCH information whenever necessary.
Typically, the MCEissues an MBMS Scheduling Information procedure before user data transmission foran

announced MBMS servicestarts orafterit has ended.

The MBMS Scheduling Information procedurealso enables the MCE to update MCH Scheduling Information for
suspensionnotification.

15.8.3.4 M2 Interface Management procedures

15.8.3.4.1 Reset procedure

The Reset procedure is issued in order to re-initialize the peer entity or part ofthe peer entity afternode setup and after
a failure event occurred. This procedure may be initiated by both the eNBand MCE.
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15.8.3.4.2 Error Indication procedure

The Error Indication procedure may be initiated by the eNBand the MCE. It is used to report detected errors in one
incoming message, if an appropriate failure message cannotbe reportedto thesending entity.

15.8.3.5 M2 Configuration procedures

15.8.3.5.1 M2 Setup procedure

The M2 Setup procedure allows the exchange of configured data which is required in the MCEand in the eNB
respectively toensure a proper interoperation and MCCH related BCCH content. The M2 Setup procedure is triggered

by the eNB. The M2 Setup procedure is the first M2AP procedure executed on an M2 interface instance.
15.8.3.5.2 eNB Configuration Update procedure

The eNB Configuration Update procedure is used to provide updated configured data in the eNBand receive MCCH
related BCCH content fromMCE. The eNB Configuration Update procedure is triggered by the eNB.

15.8.3.5.3 MCE Configuration Update procedure

The MCE Configuration Update procedureis used to provide updated configured data in the MCE and tell eNB updated
MCCH related BCCH content. The MCE Configuration Update procedure is triggered by the MCE.

15.8.3.6 MBMS Service Counting procedures
15.8.3.6.1 MBMS Service Counting procedure

The MBMS Service Counting procedure is used to triggerthe eNB to count the number of connected mode UEs that
eitherare receiving the MBMS service(s) or are interested in the reception ofthe MBMS service(s).

15.8.3.6.2 MBMS Service Counting Results Report procedure

The MBMS Service Counting Results Report procedure is used by the eNB to providethe MCE with the number of
connected mode UEs thateitherare receiving the MBMS service(s) or are interested in the reception ofthe MBMS
service(s) based on counting performed by the eNB.

15.8.3.7 MBMS Overload Notification procedure

The MBMS Overload Notification procedure enables the eNB to notify the MCEabout MBMS overload status.

15.9 M3 Interface
15.9.1 M3 Control Plane

The M3 control plane interface is defined betweenthe MME and the MCE. The control plane protocol stack ofthe M3
interface is shownon Figure 15.9.1-1. The transportnetwork layer is built on IP transport, for the reliable transport of
signalling messages SCTP is added on top of IP. The application layersignalling protocol is referred to as M3AP (M3
Application Protocol).
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M3AP

SCTP

IP

Data link layer

Physical layer

Figure 15.9.1-1: M3 Interface Control Plane (MME-MCE)

The SCTP layerprovides the guaranteed delivery ofapplication layer messages.
In the transportIP layer point-to-point transmission is used to deliver thesignalling PDUs.

A single SCTP association per MME-MCEinterface instance shall be used with onepair of streamidentifiers for M3
common procedures. Only a few pairs of streamidentifiers should be used for M3 MBM S-service-associated
procedures. MME and MCE communication context identifiers that are assigned by the MME and the MCE for M3
MBMS-service-associated procedures shallbe used to distinguish MBMS service specific M3 signalling transport
bearers. The communication context identifiers are conveyed in the respective M3AP messages.

15.9.2 M3 Interface Functions
15.9.2.1 General

The M3 interface provides the following functions:
- MBMS Session Handling Function:
-  MBMS Session Start, MBMS Session Stop, MBMS Session Update.
- M3 Interface Management Function:
- Reset, Error Indication, Restoration.
- M3 Configuration Function (distributed MCE architectureonly, see clause 15.1.1)
- M3 Setup, MCE Configuration Update.
15.9.2.2 MBMS Session Handling Function

The MBMS Session Handling Function enables the MMEto provided Session Start, Session Stop and Session Update
messages to the MCEs it is connected to. The MME provides the information ofthe MBMS session, ¢.g., QoS, MBMS

Service Area, and the list of cell identities ifavailable, to the MCEs.

In this release the MBMS Session Update procedure only supports theupdate of MBMS Service Area, the update ofthe
list of cell identities, the update ofthe allocation and retention priority of the MBMS session and the update oftime of
MBMS data transfer where the lastone is used in the distributed MCE architecture only.

15.9.2.3 M3 Interface Management Function
The M3 interface management functions provide:
- means to ensure a defined start ofthe M3 interface operation (reset);

- means to handle different versions ofapplication part implementations and protocol errors (error indication);
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- means to restore services following an MCE failure or an M3 path failure (restoration). The Restoration function
enables the MMEto restore in the MCEthe MBMS sessions as specified in TS 23.007 [56]. This Restoration
function is implemented by the MBMS Session Startprocedure.

15.9.24 M3 Configuration Function

The M3 Configuration Function allows the MCE to exchange with the MMEnode configuration information necessary
for the operation ofthe M3 interface such as the supported MBMS Service Area information.

15.9.3 M3 Interface Signalling Procedures

15.9.3.1 General
The elementary procedures supported by the M3AP protocol are listed in Table 8-1 and Table 8-2 of TS 36.444 [45].

15.9.3.2 MBMS Session signalling procedure

The MBMS Session signalling procedure enables the MME to deliver Session Start, Session Stop and Session Update
messages to the concerned MCEs. At Session Start and Session Update, the MME provides the information ofthe
MBMS session, e.g.,QoS, MBMS Service Area, and the list of cell identities ifavailable, to the MCEs.

In distributed MCEarchitecture only, the MM Emay also provide a "time of MBMS data transfer" to indicate the
absolute starttime of data delivery,and a "time of MBMS data stop" to indicate the absolute end time of data delivery.

In this release the MBMS Session Update procedure only supports theupdate of MBMS Service Area, the update ofthe
list of cell identities ifavailable, the update ofthe allocationand retention priority ofthe MBMS session and the update
of time of MBMS data transfer where thelast one is used in the distributed M CE architecture only.

15.9.3.3 M3 Interface Management procedures
15.9.3.3.1 Reset procedure

The Reset procedure is issued in order to re-initialize the peer entity or part ofthe peer entity afternode setup and after
a failure event occurred. This procedure may be initiated by both the MME and MCE.

15.9.3.3.2 Error Indication procedure

The Error Indication procedure may be initiated by the MMEand the MCE. It is used to report detected errors in one
incoming message, ifan appropriate failure message cannotbe reported to thesending entity.

15.9.34 M3 Configuration procedures

15.9.3.41 M3 Setup procedure

The M3 Setup procedure allows the initial exchange of configured datawhich is required in the MCEand in the MME
such as the supported MBMS Service Area information. The M3 Setup procedure is initiated by the MCE.

15.9.3.4.2 MCE Configuration Update procedure

The MCE Configuration Update procedureis used to provide updated configured data in the MCEto the MME. The
MCE Configuration Update procedure is triggered by the MCE.

15.10 MBMS Counting
15.10.1 General

MBMS counting in LTEis used to determine if there are sufficient UEs interested in receivinga serviceto enable the
operatorto decideifit is appropriate to deliver the service via MBSFEN. It allows the operatorto choose between
enabling ordisabling MBSFN transmission for the service. MBMS counting applies only to connected mode UEs.
Enabling and disabling MBSFN transmission is realized by MBMS Service Suspension and Resumption function in
subclause 15.8.2.7.

The following principles are used forthe MBMS counting:
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- Counting is supported forboth a service already provided by MBSFN in an MBSFN area as well as fora service
notyet provided via MBSFN in an MBSFN area. A service not yetprovided via MBSFN in an MBSFN area
may be:

- Service provided via unicast bearer.
- Service not yet provided eitherby MBSFN or by unicast.

- RAN s not aware of MBMS service provisioning through unicast bearers.

15.10.2 Counting Procedure

The Counting Procedure is initiated by the network. Initiation ofthe Counting Procedure results in arequest toeach
eNB involved in the providing MBSFN area to send a Counting Request (the Counting Request is included in the
directly extended MCCH message), which contains a list of TMGI's requiring UE feedback. The connected mode UEs
which are receiving orinterested in the indicated services willrespond with a RRC Counting Response message, which
includes short MBMS service identities (unique within the MBSFN service area) and may optionally includethe
information to identify the MBSFN Area (ifoverlapping is configured).

The following principles are used for the Counting Procedure:
- Network has means to disable UE counting perservice.
- TheUEis able to report on multiple MBMS services via a single Counting Response message.
- It is unnecessary to retransmit the Counting Response when the UEmoves within the same MBSFN area.

- Thenetworkonly gets oneresponse froma UE related to one Counting Request message, which is broadcast for
one modification period.

- The UE cannot automatically indicate tonetwork a change ofinterestin MBMS service(s).

- Thenetwork counts UEinterest perservice.

16 Radio Resource Management aspects

The purposeofradio resource management (RRM) is to ensurethe efficient usethe available radio resources and to
provide mechanisms that enable E-UTRAN to meet radio resourcerelated requirements identified in sub-clause 10 of
3GPP TR 25.913 [2]. In particular, RRM in E-UTRAN provides means to manage(e.g. assign, re-assignandrelease)
radio resources taking into account single and multi-cellaspects.

16.1  RRM functions
16.1.1 Radio Bearer Control (RBC)

The establishment, maintenance andrelease of Radio Bearers involvethe configuration ofradio resources associated
with them. When settingup a radio bearer fora service, radio bearer control (RBC) takes into account theoverall
resourcesituation in EEFUTRAN, the QoS requirements of in-progress sessions and the QoS requirement for the new
service. RBC is also concerned with the maintenance ofradio bearers of in-progress sessions at the change ofthe radio
resourcesituation due to mobility or otherreasons. RBCis involved in the release ofradio resources associated with
radio bearers at session termination, handover or at other occasions.

RBC is located in the eNB.
16.1.2 Radio Admission Control (RAC)

The task ofradio admission control (RAC)is to admit orreject the establishmentrequests fornew radio bearers. In
orderto do this, RACtakes intoaccountthe overallresource situation in EEFUTRAN, the QoS requirements, the priority
levels and the provided QoS of in-progress sessions and the QoS requirement ofthe new radio bearerrequest. The goal
of RACis to ensurehigh radio resource utilization (by accepting radio bearer requests as long as radio resources
available) and at the same time to ensure proper QoS forin-progress sessions (by rejecting radio bearer requests when
they cannot be accommodated).
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RAC is located in the eNB.
16.1.3 Connection Mobility Control (CMC)

Connection mobility control (CMC) is concerned with the management ofradio resources in connection with idle or
connected mode mobility. In idle mode, the cellreselection algorithms are controlled by setting of parameters
(thresholds and hysteresis values) thatdefine the bestcelland/or determine when the UEshould selecta new cell. Also,
E-UTRAN broadcasts parameters that configure the UEmeasurement and reporting procedures. In connected mode, the
mobility of radio connections has to be supported. Handover decisions may be based on UEand eNB measurements. In
addition, handover decisions may take other inputs, such as neighbour cell load, traffic distribution, transport and
hardware resources and Operator defined policies into account.

CMC is located in the eNB.

16.1.4 Dynamic Resource Allocation (DRA) - Packet Scheduling (PS)

The task of dynamic resource allocation (DRA) or packet scheduling (PS) is to allocate and de-allocate resources
(including bufferand processing resources and resource blocks (i.e. chunks)) to userand control plane packets. DRA
involves several sub-tasks, including the selection ofradio bearers whose packets are to be scheduled and managing the
necessary resources (e.g. the power levels or the specific resource blocks used). PS typically takes into accountthe QoS
requirements associated with the radio bearers, the channel quality information for UEs, buffer status, interference
situation, etc. DRA may also take into account restrictions or preferences on some ofthe available resource blocks or
resourceblock sets dueto inter-cell interference coordination considerations.

DRA is located in the eNB.

16.1.5 Inter-cell Interference Coordination (ICIC)

Inter-cellinterference coordination has thetask to manageradio resources such thatinter-cell interferenceis kept under
control. ICIC mechanismincludes a frequency domain component and time domain component. ICIC is inherently a
multi-cell RRM functionthatneeds to take into accountinformation (e.g. the resource usage status and traffic load
situation) frommultiple cells. The preferred ICIC method may be different in the uplink and downlink.

The frequency domain ICIC manages radio resource, notably the radioresource blocks, such that multiple cells
coordinate use of frequency domain resources.

In TDD, intended UL-DL configuration may be exchanged through backhaulsignalling, and frequency domain ICIC
information may be exchanged per subframe set, such that multiple cells may coordinatethe usage of frequency domain
resources in the subframe sets.

Forthe time domain ICIC, subframe utilization across different cells are coordinated in time through backhaul
signalling or OAM configuration ofso called AlImostBlank Subframe patterns. The AlmostBlank Subframes (ABSs) in
an aggressor cell are used to protectresources in subframes in the victimcellreceiving strong inter-cell interference.
Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical
channels and/orreduced activity. The eNB ensures backwards compatibility towards UEs by transmitting necessary
control channels and physical signals as well as System Information. Patterns based on ABSs are signalled to the UEto
restrict the UEmeasurement to specific subframes, called measurement resourcerestrictions. Thereare different
patterns depending on the type of measured cell (serving or neighbour cell) and measurement type (e.g. RRM, RLM).
MBSFN subframes canbe used for time domain ICIC when they are also includedin ABS patterns. The eNB cannot
configure MBSFN subframes TS 36.211 [4] as ABSs when these MBSFN subframes are used for otherusages (e.g.,
MBMS, LCS).

Extending the coverage ofa cell by means of connecting a UEto cell that is weaker than the strongest detected cellis
referred to as cellrange extension (CRE). With time domain ICIC, a CRE UE may continue to be served by a victim
cell (i.e., the weaker cell) even while under strong interference fromaggressor cells (i.e., the stronger cell).

A UE understronginterference fromaggressor cells may need to mitigate interference fromthe aggressor cells on some
physicalchannels and signals in orderto receive data fromserving cell orto detect the weak cells or to perform

measurements onthe weakcells.

The network may provide SIB1 to the UEin the CRE region by a dedicated RRC signalling to assist UEsystem
information acquisition.

ICIC is located in the eNB.
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16.1.5.1 UE configurations for time domain ICIC

Forthe UE to measure "protected" resources ofthe serving celland/or neighbour cells, RRM/RLM/CSI measurement
resourcerestrictionis signalled to the UE. There are three kinds of measurementresource restriction patterns that may

be configured forthe UE.
- Pattern 1: A single RRM/RLM measurementresource restriction forthe PCell.

- Pattern 2: A single RRM measurement resourcerestriction forindicated list of neighbour cells operating in the
same carrier frequency as the PCell.

- Pattern 3: Resource restriction for CSI measurementofthe PCell. If configured, two subframe subsets are
configured per UE. The UE reports CSI for each configured subframe subset.

Forpattern 3, it is up to the network to choose the two subframe subsets buttypically thetwo subframe subsets
are chosenwith the expectation that CSI measurements using thetwo configured subframe subsets are subjectto
different levels ofinterference (e.g., onesubframe subsetindicates ABSs while the second subframe subset
indicates non-ABSs). Forperiodic CSIreports, linkage ofeach CSIreport to a configured subset of subframe is
defined in TS 36.331 [16]. Foraperiodic CSIreports,the UEreports CSIbased onthe subframe subset

containing the CSlreference resource.

In RRC_CONNECTED, the RRM/RLM/CSImeasurementresource restrictions are configured by dedicated RRC
signalling.

The network may configure the UEwith CRS assistance information ofthe aggressorcells in orderto aid the UEto
mitigate the interference fromCRS of the aggressorcells.

16.1.5.2 OAM requirements for time domain ICIC
16.1.5.2.1 Configuration for CSG cell

When thetime-domain inter-cell interference coordination is used fornon-members UEin close proximity ofa CSG
cell, OAM configures a CSG cell not to usea time domain resource set (i.e. a set of subframes), sothata non-member
UE in close proximity ofthe CSG cell can be still servedby another cell. OAM also configures a cellneighbourto a
CSG cell with the protected time domain resourcesetnot used by the CSGeell, so that the neighbour cellknows which

time domain resourcecan be used fora non-member UEin close proximity of the CSG cell.
16.1.5.2.2 Configuration for interfering non-CSG cell

When the time-domain inter-cell interference coordination is used to mitigate interference between two cells using X2
signalling of ABS patterns froman interfering eNB to an interfered eNB, the following OAM requirements are applied.

- OAM may configure association between eNBs to use thetime-domain inter-cell interference coordination.

- Forthe deployment scenarios where common subset for ABS patterns frommultiple interfering cells is
desirable, OAM configuration ensures that a ‘common subset’ exists between the ABS patterns ofthose
interfering cells.

NOTE 1: The possibility of whether the common ABS pattern frommultiple eNBs is desirable ornot depends on
the deployment cases ofthe time domain solution ofinter-cell interference coordination.

NOTE2: 1t is up to eNB implementation how a receivingeNB derives the ‘usable ABS subset’ fromthe ABS
patterns coming frommultiple neighbour eNBs.

16.1.6 Load Balancing (LB)

Load balancing has the task to handle uneven distribution ofthe traffic load overmultiple cells. The purpose of LB is
thus to influencethe load distribution in sucha manner thatradio resources remain highly utilized and the QoS ofin-
progress sessions are maintained to the extent possible and call dropping probabilities are kept sufficiently small. LB
algorithms may result in hand-overor cellreselection decisions with the purpose of redistribute traffic from highly
loaded cells to underutilized cells.

LB is located in the eNB.
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16.1.7 Inter-RAT Radio Resource Management

Inter-RAT RRM is primarily concerned with the managementofradio resources in connection with inter-RAT
mobility, notably inter-RAThandover. At inter-RAT handover, the handover decision may take into account the
involved RATsresourcesituationas wellas UE capabilities and Operator policies. Theimportance of Inter-RAT RRM
may depend onthe specific scenario in which EEUTRAN is deployed. Inter-RAT RRM may also include functionality
for inter-RAT load balancing foridle and connected mode UEs.

16.1.8 Subscriber Profile ID for RAT/Frequency Priority

The RRM strategy in EEUTRAN may be based on user specific information.

The Subscriber Profile ID for RAT/Frequency Priority (SPID) parameterreceived by the eNBvia the S1 interface orthe
X2 interface is an index referring to user information (e.g. mobility profile, service usage profile). The information is
UE specific and applies to all its Radio Bearers.

This indexis mapped by theeNBto locally defined configuration in orderto apply specific RRM strategies (e.g. to
define RRC IDLE mode priorities and control inter-RAT/inter frequency handoverin RRC_CONNECTED mode).

16.1.9 Inter-eNB CoMP

The task ofinter-eNB CoMP is to coordinate multiple eNBs in order that the coverage ofhigh data rates and thecell-
edge throughput are improved, and also the systemthroughput is increased. The coordination of multiple eNBs is
achieved by signalling between eNBs ofhypothetical resource allocation information, CoMPhypotheses, associated
with benefit metrics. Each ofthe signalled CoMP hypotheses is concerned with a cell belonging to either the receiving
eNB, the sending eNB or theirneighbour. The benefit metric associated with the CoMPhypotheses quantifies the
benefit assuming that the CoMP hypotheses are applied. Thereceiving eNB ofthe CoMP hypotheses and the benefit
metrics may take theminto account for RRM.

RSRP measurement reports and CSIreports may be exploited for inter-eNB CoMP. Forexample, the RSRP
measurement reports and CSIreports can be used to determine and/or validate CoMP hypotheses and benefit metrics.

The enhanced RNTP may be usedin inter-eNB CoMP to exchange information between eNBs concerning the adopted
powerallocation.

Inter-eNB CoMP is located in the eNB.

16.1.10 Cell on/off and cell discovery

The eNB using cell on/off may adaptively turn the downlink transmission ofa cellon and off. A cell whose downlink
transmission is turned off may be configured as a deactivated SCell fora UE. A cell performing on/off may transmit
only periodic discovery signals and UEs may be configured to measure the discovery signals for RRM. Cell on/off may
be performed forthe purpose ofe.g. inter-cell interference coordination and avoidance, load balancing, and energy
saving, etc. The criteria used for cell on/offmay be e.g. traffic load increase/decrease, UE arrival/departure (i.e. UE-cell
association), and packet arrival/completion.

A UE performs RRM measurement and may discovera cell or transmission point ofa cellbased ondiscovery signals
when the UEis configured with discovery-signal-based measurements.

16.2 RRM architecture

16.2.1 Centralised Handling of certain RRM Functions
\oid.

16.2.2 De-Centralised RRM

16.2.2.1 UE History Information

The sourceeNB collects and stores the UE History Information foras longas the UEstays in one of’its cells.
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When informationneeds to bediscarded because the list is full, such information will be discarded in order ofits
positionin the list, starting with the oldest cellrecord. Ifthe list is full, and the UE history information fromthe UEis
available, the UE history information fromthe UEshould also be discarded.

The resulting information is then used in subsequenthandover preparations by means ofthe Handover Preparation
procedures overthe S1and X2 interfaces, which providethe targeteNB with a list of previously visited cells and
associated (per-cell) information elements. The Handover Preparation procedures also trigger the targeteNB to start
collection and storage of UE history Information and thus to propagatethe collected information.

16.2.3 Void

16.3  UE assistance information for RRM, and UE power
optimisations and UE overheating

Except for NB-IoT UEs, in orderto optimise the user experience and (for instance) to assistthe eNBin configuring
connected mode parameters and connection release handling, the UEmay be configured to send assistance information
to the eNB comprising:

- UE preference for power optimised configuration (1 bit):

- When thisbitis sentby the UE, the UE shall set this in accordance with its preference fora configuration that
is primarily optimised forpowersaving(e.g.along value forthe long DRX cycle or RRC connection
release) ornot;

- Thedetails regardinghow the UEsets theindicator are left to UE implementation.
- UE bandwidth preference on maximum PDSCH/PUSCH bandwidth:

- When this informationis sent by the UEthat supports CEmode, the UE shallset this in accordance with its
preference on maximum PDSCH/PUSCH bandwidthto assistthe eNB fora reconfiguration ofthe CEmode

for the UE in RRC_CONNECTED state;
- The details regardinghow the UE sets thebandwidth preferenceare left to UE implementation.

- UE indication on detected overheating:

- When this informationis send by the UE, the UE shall set this information to informthe eNB about UE
internal overheating caused by configurations concerning carrier aggregation/dual connectivity, MIMO
transmissions, and/or modulation schemes being concurrently configured. The eNB may mitigate the
indicated overheating by downgrading the UE configuration. Ifthe eNB does not provide any mitigation, the
UE may need to mitigate the indicated overheating based on UEimplementation.

- Thedetails regardinghow the UE detects the internal overheating are left to UE implementation.

A NB-IoT UE or BL UE may be configuredto send assistance informationto theeNBto assistthe eNB in connection
release handling.

The network response to the UEassistance information is left to network implementation. The eNB ensures that an
appropriate QoS levelis provided irrespective of received power preference indication or the bandwidth preference.

17 Void
17.1  Void

18 UE capabilities

RRC signalling carries AS capabilities and NAS signalling carries NAS capabilities. The UE capability information is
stored in the MME. In the uplink, except of NB-Io T no capability informationis sent early in e.g.
RRCConnectionRequest message. For NB-IoT, early indications for multi-tone support (IOT bit) and multi-carrier
support (IOT bit) are sent in RRCConnection Request-NB message. In the downlink, enquiry procedure ofthe UE
capability is supported.
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UE eNB MME

§1—AP: INITIAL CONTEXT SETUP REQUEST
<23.401: UE Security Capabilities

+ 36.331: UE Radio Capability:
UERadioAccessCapabilityInformation>

S1-AP: INITIAL CONTEXT SETUP RESPONSE

eNB decides if more capabilities are needed, e.g. based on
— which other RATs the UE supports
— if such neighbour cells are present

RRC: UECapabilityEnquiry
<36.331: RAT-Type>

RRC: UECapabilitylnformation -
<36.331: RAT-Type + UE-CapabilityRAT-
Container>

eNB keeps capabilities during RRC CONNECTED state and builds

one UERadioAccessCapabilityInformation message consisting of all
known capabilities_excluding the UTRAN .capability

S1-AP: UE CAPABILITY INFO INDICATION
<36.331: UE Radio Capability:
UERadioAccessCapabilitylnformation>

MME keeps capabilities until
DETACH or ATTACH (see 23.401,
5.11.2)

Figure 18-1: Initial UE Capability Handling

The MMEstores the UERadio Capability uploaded in the UECAPABILITY INFO INDICATION message.

The possible RAT-Types are: EUTRAN, UTRAN, GERAN-PS, GERAN-CS, CDMA2000-1XRTT. The GERAN
capability is divided into separate parts. MS Classmark 2 and Classmark 3 are used for CS domain (in both AS and
NAS)and MS Radio Access Capability is used for PS domain. The main part of CDM A 2000 capabilities is nothandled
by the eNB or the MME, but is exchanged via tunnelling (see 10.3.2). The small part of CDM A 2000 capabilities (for
CDMA2000-1XRTT) is needed forthe eNBto be able to build messages for the target CDM A2000 RNC (see 10.3.2).

The eNB may acquire the UE capabilities aftera Handover completion. The UE capabilities are thenuploaded to the
MME.

Usually during handover preparation, the source RAN node transfers boththe UEsource RAT capabilities and the
target RAT capabilities to the target RAN node, in order to minimize interruptions andto follow the principles in
subclause 10.2.2. The source RAN is not mandated to acquire other RAT capabilities (i.e. otherthanthesourceand
target RAT capabilities) in order to start a handover preparation. This is described in subclause 19.2.2.5.6. However,

there are exceptions to this principle:

- Forhandover fromGERAN to EUTRAN, due to limitations in GERAN radio interface signalling, source RAT
(GERAN) neverprovides the EUTRA capabilities to the target RAN node.

- Athandover fromUTRANto EUTRAN, it is optionalto forward the UTRAN capabilities to the target RAN.

The UTRAN capabilities, i.e. the INTER RAT HANDOVER INFO, include START-CS, START-PS and "predefined
configurations", which are "dynamic" IEs. In orderto avoid the START values desynchronisationand thekey replaying
issue, the eNBalways enquiry the UEUTRAN capabilities at transition fromRRC IDLE to RRC_CONNECTED and
before Handoverto UTRAN. The eNBdoes notuploadthe UEUTRAN capabilities to the MME.

Due to limitations in radio interface signalling, transfer of EUTRA capabilities is not supported in GERAN.
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Fora NB-IoT UE that supports S1-U data transfer or User Plane CloT EPS optimizations, as defined in TS 24.301 [20],
the procedurein Figure 18-1 is applicable except that RAT-Types and handover are not supported.

Fora UE that supports Control Plane CloT EPS optimization, as definedin TS 24.301 [20], the MM Emay initiate
Connection Establishment Indication procedure to provide UE Radio Capability to the eNBafterreceiving INITIALUE
MESSAGE message. Ifthe UE Radio Capability is not included in the procedure, this may triggerthe eNB to request
the UE Radio Capability from the UE and to provideit to the MMEin the UE CAPABILITY INFO INDICATION
message. The detailed procedure is defined in TS 36.413 [25].

In NB-IoT, for a UE that supports Control Plane CloT EPS optimizations, as defined in TS 24.301 [20], the eNB, based
on configuration, may retrieve the UE Radio capability fromthe MMEupon reception of RRC Connection Requestas
defined in TS 23.401 [17, 5.3.4B.2 & 5.3.4B.3].

19 S1 Interface
19.1  S1 User plane

The S1 userplane interface (S1-U) is defined between the eNB and the S-GW . The S1-U interface provides non
guaranteed delivery ofuser plane PDUs betweenthe eNB and the S-GW . The user plane protocolstack on the S1
interface is shownin Figure 19.1-1. The transportnetwork layeris built on IP transportand GTP-U is used on top of

UDP/IP to carry the user plane PDUs between the eNBand the S-GW.

User plane PDUs

A

\ 4
GTP-U

UDP

1P

Data link layer

Physical layer

Figure 19.1-1: S1 Interface User Plane (eNB - S-GW)

19.2  S1 Control Plane

The S1 controlplane interface (SI-MME) is defined betweentheeNB and the MME. The control planeprotocolstack
of'the Sl interface is shownon Figure 19.2-1. The transportnetwork layer is built on IP transport, similarly to the user
plane but for the reliable transport of signalling messages SCTP is added on top of IP. The application layersignalling

protocolis referred to as S1-AP (S1 Application Protocol).
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S1-AP

SCTP

1P

Data link layer

Physical layer

Figure 19.2-1: S1 Interface Control Plane (e NB-MME)

The SCTP layerprovides the guaranteed delivery ofapplication layer messages.
In the transportIP layer point-to-point transmission is used to deliver thesignalling PDUs.

A single SCTP association per SI-MME interface instance shall be used with onepair of streamidentifiers for S1-
MME common procedures. Only a few pairs of streamidentifiers should be used for SI-MME dedicated procedures.
MME communication context identifiers thatare assigned by the MME for SI-MME dedicated procedures and eNB
communication context identifiers thatare assigned by the eNB for SI-MME dedicated procedures shallbe used to
distinguish UEspecific SI-MME signalling transport bearers. The communication context identifiers are conveyed in
the respective S1-AP messages.

Ifthe S1 signalling transport layernotifies the SIAP layer that the signalling connection broke:
- the MME

- eitherlocally changes thestate ofthe UEs which used this signalling connection to the ECM-IDLE state as
describedin TS 23.401 [17] and removes suspended UE Context data for UEs in ECM-IDLE which have

used the S1 signalling connection before it was broken;or

- keepthoseUEs in ECM_CONNECTED and keep the suspended UE Context data for UEs in ECM-IDLE
which have usedthe S1 signalling connection before it was broken;

- theeNB

- eitherreleases the RRC connection with those UEs and removes suspended UE Context data for UEs in
RRC IDLE which have usedthe S1 signalling connection beforeit was broken;or

- keepthoseUEs in RRC_CONNECTED and keep the suspended UE Context data for UEs in ECM-IDLE
which have used the S1 signalling connection before it was broken.

If the S1 signalling transport layernotifies the SIAP layerthat the signalling connection is operational again and the
eNB and the MMEhavedecided to keep UEs in ECM-CONNECTED and RRC_CONNECTED respectively and keep
the suspended UE Context data for UEs in ECM-IDLE while the signalling connection was broken, handling ofthe UE-
related contexts andrelated signalling connections during the S1 Setup procedure that attempts to re-establish the
broken signalling connectionis described in section 19.2.2.8.

RNs terminate S1-AP. In this case, there is one S1 interface relation between the RN and the DeNB, and one S1
interface relation betweenthe DeNB and each ofthe MMEs in the MMEpool. The S1 interface relation between the
RN and the DeNB carries non-UE-associated S1-AP signalling between RN and DeNB and UE-associated S1-AP
signalling for UEs connected tothe RN. The S1 interface relation between the DeNB and an MME carries non-UE-
associated S1-AP signalling between DeNB and MMEand UE-associated S1-AP signalling for UEs connected to the

RN and for UEs connected to the DeNB.
19.2.1 S1 Interface Functions

The S1 interface provides the following functions:
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E-RAB Service Management function:

- Setup, Modify, Release.

Mobility Functions for UEs in ECM-CONNECTED:
- Intra-LTE Handover;

- Inter-3GPP-RAT Handover.

S1 Paging function:

NAS Signalling Transport function;

LPPa Signalling Transport function;

Sl-interface managementfunctions:

- Errorindication;

- Reset.

Network Sharing Function;

Roaming and A ccess Restriction Support function;
NA S Node Selection Function;

Initial Context Setup Function;

UE Context Modification Function;

UE Context Resume Function;

MME Load balancing Function;

Location Reporting Function;

3GPP TS 36.300 V15.0.0 (2017-12)

PWS (which includes ETW S and CMAS) Message Transmission Function;

Overload function;

RAN Information Management Function;
Configuration Transfer Function;

S1 CDMA2000 Tunnelling function;
Trace function;

UE Radio Capability Match;

Retrieve UE Information Function;

UE Information Transfer Function;

Report of Secondary RAT data volumes Function.

19.2.1.1 S1 Paging function

The paging function supports thesending of pagingrequests to all cells ofthe TA(s) the UEis registered.

Paging requests are sent to the relevanteNBs according to the mobility informationkept in the UE’s MM context in the
serving MME.
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19.2.1.2 S1 UE Context Management function

In orderto support UEs in ECM-CONNECTED, UE contexts needto be managed, i.e. established and released in the
eNodeBand in the EPC to support user individual signalling on S1.

19.2.1.3 Initial Context Setup Function

The Initial Context Setup function supports the establishmentofthe necessary overallinitial UE Context including E-
RAB context, Security context, roaming and access restrictions, UE capability information, Subscriber Profile ID for
RAT/Frequency Priority, UE S1 signalling connection ID, etc. in the eNB to enable fast Idle-to-Active transition.

In addition tothe setup of overallinitial UE Contexts, Initial Context Setup function also supports the piggy-backing of
the corresponding NA S messages. Initial Context Setup is initiated by the MME.

19.2.1.3a UE Context Modification Function

The UE Context Modification function supports the modification of UE Context in eNB for UEs in active state.

19.2.1.3b UE Context Resume Function

The UE Context Resume function supports the suspension and resumption ofan established UE Context and allows
keeping the UE Context in eNB for UEs that were sentto RRC IDLE and may resume the RRC connection without the
necessity to re-establish the UE Context in the eNB.

19.2.14 Mobility Functions for UEs in ECM-CONNECTED

19.2.1.4 .1 Intra-LTE Handover

The Intra-LTE-Handover function supports mobility for UEs in ECM-CONNECTED and comprises the preparation,
execution and completionofhandover via the X2 and S1 interfaces.

19.2.1.4.2 Inter-3GPP-RAT Handover

The Inter-3GPP-RAT Handover function supports mobility to and fromother 3GPP-RATs for UEs in ECM-
CONNECTED and comprises the preparation, executionand completion ofhandover via the S1 interface.

19.21.5 E-RAB Service Management function

The E-RAB Service management function is res ponsible for establishing, modifying andreleasing EFUTRAN resources
for userdata transport once a UE context is available in the eNB. The establishment and modificationof EEUTRAN
resources is triggered by the MME and requires respective QoS information to be providedto theeNB. The release of
E-UTRAN resources is triggered by the MMEeither directly or following a request received fromthe eNB (optional).

ForDC when SCG beareroptionis applied, the modification ofthe E-RABis triggered by the MeNB towards the MME
for the modification ofthe transport information.

19.2.1.6 NAS Signalling Transport function

The NAS Signalling Transport function provides means to transportorreroutea NAS message (e.g. for NAS mobility
management) fora specific UEon the S1 interface.

19.2.1.7 NAS Node Selection Function (NNSF)

The interconnection of eNBs or HeNB GW, if deployed, to multiple MME/Serving S-GW's is supportedin the E-
UTRAN/EPC architecture. Therefore a NAS nodeselection function is located in the eNB orthe HeNB GW, if
deployed, to determine the MME association ofthe UE, based onthe UE’s temporary identifier, which was assignedto
the UE by the CN node (e.g. MMEor SGSN).

NOTE: In casethe UE’s temporary identifieris assigned by the SGSN, respectivemappingrules are defined in
TS 23.003 [26].

Depending on the actual scenario the NNSF determines the UE’s MMEassociation either based its S-TMSI (e.g. at
service request) orbased on its GUMMEI and selected PLMN (e.g. at attach or tracking area update in non-regis tered
TA).
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The NNSF in the eNB or HeNB GW, if deployed, may differentiate betweena GUMMEI mapped fromP-TMSI/RAI
and anative GUMMEI as described in TS 23.401 [17].

This functionality is located in the eNBorin the HeNB GW, if deployed, and enables proper routing via the S1
interface. On S1, no specific procedure corresponds to the NAS Node Selection Function.

eNB selects serving MMEbased on the DCN-ID provided by the UE and the configurationin eNBif a serving MME
corresponding to the information provided by the UE (e.g. GUTI, etc.) cannotbe foundby eNBas described in TS
23.401[17].

19.2.1.8 S1-interface management functions

The Sl-interface management functions provide
- means to ensure a defined start of Sl-interface operation (reset);

- means to handle different versions ofapplication part implementations and protocol errors (error indication).
19.2.1.9 MME Load balancing Function

MME Load balancing is the function which achieves load-balanced MMEs with respect to their processing capacity
within a poolarea during systemoperation. The means to load-balance MMEs is to distribute UEs newly entering the
poolto different MMEs in the MMEpool. In addition the MMEload balancing functionis able to achieve equally
loaded MMEs within a pool area after the introduction ofa new MMEand after the removal ofa MME from the
network.

The support ofthe MMEload balancing functionis achieved by indicating therelative MME capacity in the S1 Setup
procedure to alleNBs served by the MMEs ofthe pool area per MME. In order to support the introduction and/or
removalof MMEs the MME initiated S1 setup update procedure may be used by the operator indicating relative MME
capacity value changes. When there are more than one MME operational in the pool, the indicated relative MME
capacity steers the UEassignment for UEs newly enteringthe MMEpool. When there is only one MME operational in
the pool, UEs may be assigned to this MME.

The MME Load balancing Function is described in detailin TS 23.401 [17].

When DCN are used, the MME Load Balancing function is only performed between MMEs thatbelongto the same
DCN. The MME Load Balancing for DCNis described in TS 23.401 [17].

19.2.1.10 Location Reporting Function

The Location Reporting function supports the MMErequests to theeNB to report thelocation information ofthe UE.
19.2.1.11 Warning Message Transmission function

The warming message transmission function provides means to transfer warning message via S1 interface.

19.2.1.12 Overload Function

The overload function comprises the signalling means:
- toindicate to a proportion of eNBs thatthe serving MME s overloaded;

- toindicate to the eNBs that the serving MMEis back in the "normal operationmode".

19.2.1.13 RAN Information Management Function

The RAN Information Management (RIM) functionis a generic mechanismthat allows therequestand transfer of
information (e.g. GERAN Systeminformation) between two RANnodes via the core network.

19.2.1.14 S1 CDMA2000 Tunnelling function

The S1 CDM A 2000 Tunnelling functiontransports CDM A2000 signalling between UEand CDM A2000 RAT overthe
S1 Interface for mobility from E-UTRAN to CDM A 2000 HRPD and CDM A 2000 IxRTT and for circuit switched

fallbackto CDMA2000 1xRTT.
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19.2.1.15 Configuration Transfer Function

The Configuration Transfer functionis a generic mechanismthatallows the request and transfer of RAN configuration
information (e.g. SON information) between two RAN nodes via the core network.

19.2.1.16 LPPa Signalling Transport function
The LPPa Signalling Transport function provides means to transportan LPPa message on the S1 interface.
19.2.1.17 Trace Function

The Trace function provides means to control trace sessions in the eNB. The Trace functionalso provides means to
controlMDT sessions as describedin TS 32.422 [30] and TS 37.320 [43].

19.2.1.18 UE Radio Capability Match

The UE Radio Capability Match function enables theeNB to provide anindication tothe MME whether the UEradio
capabilities are compatible with the network configuration for voice continuity.

19.2.1.19 Retrieve UE Information Function

The Retrieve UE Information Function enables theeNB to retrieve the UE information fromMME.
19.2.1.20 UE Information Transfer Function

The UE Information Trans fer Function enables the MMEto send the UE information to the eNB.
19.2.1.21 Report of Secondary RAT data volumes Function

The Report of Secondary RAT datavolumes Function enables theeNB to report Secondary RAT usage data
information in case of EN-DC, either with a dedicated procedure or by including Secondary RAT usagedata
information in other messages.

19.2.2 S1 Interface Signalling Procedures
The elementary procedures supported by the SIAP protocol are listed in Table 1 and Table 2 of TS 36.413 [25].

19.2.2.1 Paging procedure

eNB MME

[S1AP] PAGING

A

Paging Response (NAS means)

Figure 19.2.2.1-1: Paging procedure

The MMEnitiates the paging procedure by sending the PAGINGmessage to each eNB with cells belongingto the
tracking area(s) in which the UEis registered. Each eNB can contain cells belonging to different tracking areas, whereas
each cellcan only belongto one TA. In case MME initiates the paging procedure with eDRX configurationit shall
include the S-TMSIin the PAGING message.

The paging response back to the MME: s initiated on NAS layerandis sent by the eNBbased on NAS-level routing
information.
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19.2.2.2 S1 UE Context Release procedure

The S1 UE Context Release procedurecauses the eNBto remove all UE individualsignalling resources and the related
userdata transportresources. This procedureis initiated by the EPC and may be triggered on request ofthe serving
eNB.

19.2.2.2.1 S1 UE Context Release (EPC triggered)

eNB EPC

[S1AP] S1 UE Context Release Command

<
<«

[S1AP] S1 UE Context Release Complete

4

Figure 19.2.2.2.1-1: S1 UE Context Release procedure (EPC triggered)

- The EPC initiates the UE Context Release procedure by sending the S1 UE Context Release Command towards
the EEUTRAN. The eNodeBreleases allrelated signalling and user data transport resources.

- The eNB confirms the S1 UE Context Release activity with the S1 UE Context Release Complete message. The
behaviourofthe eNodeBin case of Control Plane CloT EPS Optimization is specified in TS 23.401 [11].

- In the course ofthis procedurethe EPCreleases allrelated resources as well, except context resources in the
EPC for mobility management and the default EPS Bearer/E-RAB configuration.

19.2.2.2.2 S1 UE Context Release Request (eNB triggered)

The S1 UE Context Release Request procedure is initiated for EEUTRAN internal reasons and comprises the following
steps:

- TheeNB sendsthe S1 UE Context Release Requestmessage tothe EPC.

- TheEPC triggers the EPCinitiated UE context release procedure.

eNB EPC

[S1AP] S1 UE Context Release Request

[S1AP] S1 UE Context Release Command

[S1AP] EPC initiated
[S1AP] S1 UE Context Release Complete

y

Figure 19.2.2.2.2-1: S1 UE Context Release Request procedure (e NB triggered)
and subsequent S1 UE Context Release procedure (EPC triggered)

If the EE-UTRAN internalreason is a radio link failure detected in the eNB, the eNB shall wait a sufficient time before
triggering the S1 UE Context Release Request procedure in order to allow the UEto perform the NASrecovery
procedure,see TS 23.401 [17].

19.2.2.3 Initial Context Setup procedure

The Initial Context Setup procedure establishes the necessary overall initial UE context in the eNBin case ofan Idle-to
Active transition. TheInitial Context Setup procedure is initiated by the MME.
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The Initial Context Setup procedure comprises the following steps:

The MME initiates the Initial Context Setup procedure by sending INITIAL CONTEXT SETUP REQUEST to
the eNB. This messagemay include general UE Context (e.g. security context, roaming and access restrictions,
UE capability information, UES1 signalling connectionID, CN assistance information, etc.), E-RAB context
(Serving GW TEID, QoS information, Correlation id i.e. collocated L-GW TEID or GRE key in case of LIPA
support or in case of SIPTO@LN with collocated L-GW support), and may be piggy-backed with the
corresponding NA S messages. When there are multiple NAS messages in the INITIALCONTEXT SETUP
REQUEST message,the MMEshall ensure that the NAS messages in the EERABto be Setup List are aligned in

the order ofreception fromthe NAS layer to ensure the in-sequence delivery ofthe NAS messages.

Upon receipt of INITTAL CONTEXT SETUP REQUEST, the eNBsetup the context ofthe associated UE, and
performthe necessary RRC signalling towards the UE, e.g. Radio Bearer Setup procedure. Whenthere are

multiple NAS messages to be sentin the RRC message, the order ofthe NAS messages in the RRC message
shallbe kept the same as that in the INITIAL CONTEXT SETUP REQUEST message. If present, the eNBuses

the CN assistance informationas definedin TS 23.401[17] and propagates it during inter-eNB mobility.

The eNB responds with INITIAL CONTEXT SETUP RESPONSE to inform a successful operation, and with
INITIAL CONTEXT SETUP FAILURE to inform an unsuccessful operation.

NOTE: In case offailure,eNB and MMEbehaviours are notmandated. Both implicit release (localrelease at

each node) and explicit release (MME-initiated UE Context Release procedure) may in principle be
adopted. TheeNB should ensure thatno hanging resources remain at the eNB.

Paging
Paging ¢
¢
Random Access Procedure
NAS: Service Request S1-AP: INITIAL UE MESSAGE
P + NAS: Service Request

+ eNB UE signalling connection ID
+ L-GW IP address in case of LIPA

support L
RRC: Radio Bearer Setup <S1-AP: INITIAL CONTEXT SETUP REQUEST
(NAS Message) + (NAS message)

+ MME UE signalling connection ID
+ Security Context

+ UE Capability Information (FFS)
+ Bearer Setup (Serving SAE-GW TEID, Qo{
profile,Correlation id)
RRC: Radio Bearer Setup Complete

S1-AP: INITIAL CONTEXT SETUP COMP@ E
+ eNB UE signalling connection ID
+ Bearer Setup Confirm (eNB TEID)

Figure 19.2.2.3-1: Initial Context Setup procedure (highlighted in blue) in Idle-to-Active procedure

19.2.2.3a UE Context Modification procedure

The UE Context Modification procedure enables the MMEto modify the UE context in the eNB for UEs in active state.
The UE Context Modification procedure is initiated by the MME.

The UE Context Modification procedure comprises the following steps:

The MMEinitiates the UE Context Modification procedure by sending UECONTEXT MODIFICATION
REQUEST to the eNB to modify the UE context in the eNB for UEs in active state.
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- The eNB responds with UECONTEXT MODIFICATION RESPONSE in case ofa successful operation

- Ifthe UE is served by a CSG cell, and is no longera memberofthe CSG cell, the eNBmay initiate a
handoverto another cell. If the UE is not handed over, the eNB should requestthe release of UE context;

- Ifthe UE is served bya hybrid cell, and is no longera CSG member ofthe hybrid cell, the eNBmay provide
the QoS forthe UE as anon CSG member.

- The eNB responds with UECONTEXT MODIFICATION FAILURE in case ofan unsuccessful operation.

UE eNB MME

S1-AP: UE CONTEXT MODIFICATION REQUEST

$1-AP: UE CONTEXT MODIFICATION RESPONSE

51-AP: UE CONTEXT MODIFICATION FAILURE

Figure 19.2.2.3a-1: UE Context Modification procedure

19.2.24 E-RAB signalling procedures
19.2.2.41 E-RAB Setup procedure

UE eNB MME

o S1-AP: E-RAB SETUP REQUEST

RRC: Radio Bearer Setup " E-RAB To Be Setup List: E-RAB ID, QoS,
Serving S-GW TEID

A
Y

S1-AP: E-RAB SETUP RESPONSE
E-RAB Setup List: E-RAB ID, eNB TEID
E-RAB Failed To Setup List: E-RAB ID, Cause

Y

Figure 19.2.2.4.1-1: E-RAB Setup procedure

The E-RAB Setup procedure is initiated by the MMEto support:
- Assignment ofresources to a dedicated E-RAB.
- Assignment ofresources fora default E-RAB.
- Setup of S1 Bearer (on S1) and Data Radio Bearer (on Uu).
The E-RAB Setup procedure comprises the following steps:

- The E-RAB SETUP REQUEST messageis sent by the MMEto the eNB to setup resources on S1and Uu for
one orseveral EERAB(s). The E-ERAB SETUP REQUEST message contains the Serving GW TEID, QoS
indicator(s) and the corresponding NA S message per E-RA B within the E-RAB To Be Setup List. It may also
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include the Correlationid i.e. collocated L-GW TEID or GRE key in case of LIPA support orin case of
SIPTO@LN with collocated L-GW support. When thereare multiple NAS messages in the EERAB SETUP
REQUEST message, the MMEshall ensure that the NAS messages in the EERABto be Setup List are aligned in

the order ofreception fromthe NAS layer to ensure the in-sequence delivery ofthe NAS messages.

Upon receipt ofthe E-RAB SETUP REQUEST message the eNB establishes the Data Radio Bearer(s) (RRC:
Radio Bearer Setup) and resources for S1 Bearers. When there are multiple NAS messages to be sent in the RRC
message, the order ofthe NAS messages in the RRCmessage shall be kept the same as that in the E-RAB
SETUP REQUEST message.

The eNB responds with a E-ERAB SETUP RESPONSE messages to informwhether the setup ofresources and
establishment ofeach E-RA B was successful orunsuccessful, with the E-RAB Setup list (E-RAB ID, eNB
TEID) and the E-RABFailed to Setup list (E-RAB ID, Cause) The eNBalso creates thebinding between the S1
bearer(s) (DL/UL TEID) and the Data Radio Bearer(s).

Interactions with UE Context Release Requestprocedure:

In case ofno response fromthe UE the eNBshall triggerthe S1 UE Context Release Request procedure.

19.2.2.4.2 E-RAB Modification procedure

UE eNB MME

o S1-AP: E-RAB MODIFY REQUEST
RRC: Radio Modify Setup - E-RAB To Be Modified List: E-RAB ID, QoS

1
Y

S1-AP: E-RAB MODIFY RESPONSE
E-RAB Modify List: E-RAB ID
E-RAB Failed To Modify List: E-RAB ID, Cause

Y

Figure 19.2.2.4.2-1: E-RAB Modification procedure

The E-RAB Modification procedure is initiated by the MME to support the modification ofalready established E-RAB
configurations:

Modify of S1 Bearer (on S1) and Radio Bearer (on Uu).

S-GW relocation without UEmobility.

The EPS Bearer Modification procedure comprises the following steps:

The E-RAB MODIFY REQUEST messageis sentby the MMEto the eNB to modify one orseveral E-RAB(s).
The E-RAB MODIFY REQUEST message contains the QoS indicator(s), and the corresponding NAS message
per E-RAB in the E-RAB To Be Modified List. When there are multiple NAS messages in the EERAB MODIFY
REQUEST message, the MMEshall ensure that the NAS messages in the E-RABto be Modified List are
aligned in the order ofreception fromthe NAS layer to ensurethe in-sequence delivery ofthe NA S messages.

The transport information for the new S-GW may be included in case of S-GW relocation without UEmobility.

Upon receipt ofthe EERABMODIFY REQUEST message theeNB modifies the Data Radio Bearer
configuration (RRC procedure to modify the Data Radio bearer). When there are multiple NAS messages to be
sent in the RRC message, the order ofthe NA S messages in the RRC messageshallbe kept the same as thatin
the EERAB MODIFY REQUEST message. In case of S-GW relocation without UEmobility, if transport
information forthe new S-GW is included, theeNBignores the included QoS indicatorand NAS message and
uses the included transport information for S-GW selection.
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- The eNB responds with an EERABMODIFY RESPONSE message to informwhether the E-RA B modification
has succeeded ornot indicating with the E-RABModify list and E-RAB Failed to Modify list. With E-RAB
ID(s) in the E-RAB Modify List or E-RAB Failed to Modify List the eNB identifies the E-RAB(s) successfully

modified or failed to modify.
Interactions with UE Context Release Requestprocedure:

In case ofno response fromthe UE the eNBshall triggerthe S1 UE Context Release Request procedure.

19.2.2.4.3 E-RAB Release procedure
UE eNB MME
_ S1-AP: E-RAB RELEASE COMMAND
RRC: Radio Bearer Release " E-RAB To Be Released List: E-RAB ID, Cause
< 1

S1-AP: E-RAB RELEASE COMPLETE
E-RAB Release List: E-RAB ID
E-RAB Failed To Release List: E-RAB ID, Cause

\J

Figure 19.2.2.4.3-1: E-RAB Release procedure

The E-RAB Release procedure is initiated by the MME to releaseresources for the indicated E-RABs.

The E-RAB Release procedure comprises the following steps:

- The E-RAB RELEASE COMMAND messageis sentby the MMEto the eNB to release resources on S1and Uu
for one orseveral E-RAB(s). With the EERABID(s) in the E-RAB To Be Released List containedin E-RAB
RELEASE COMMAND messagethe MMEidentifies, the E-RAB(s) to be released.

- Uponreceipt ofthe ERABRELEASE COMMAND message theeNBreleases the Data Radio Bearers (RRC:
Radio bearerrelease)and S1 Bearers.

- The eNB responds with an EERAB RELEASE COMPLETE message containing E-RABRelease listand E-RAB
Failed to Release list. With the E-RABIDs in the E-RAB Release List/E-RA B Failed to Release List the eNB
identifies the E-RAB(s) successfully released or failed to release.

Interactions with UE Context Release Requestprocedure:

In case ofno responseornegativeresponse fromthe UE orin case the eNB cannot successfully performthe release of
any ofthe requested bearers, the eNBshall trigger the S1 UE Context Release Request procedure, except if the eNB has
already initiated the procedures associated with X2 Handover.
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19.2.2.4.4 E-RAB Release Indication procedure
UE eNB MME
RRC: Radio Bearer Release S1-AP: E-RAB RELEASE INDICATION
E-RAB Released List: E-RAB ID, Cause

Figure 19.2.2.4.4-1: E-RAB Release Indication procedure

The E-RAB Release Indication procedure enables the EEFUTRAN to send information about released res ources forone
or several E-RABs to the MME. The eNB initiates the procedure by sending the E-RAB RELEA SE INDICATION
messageto the MME. The E-RABID(s) in the E-RAB Released List identifies thereleased E-RAB(s) in the eNB.

19.2.2.4.5 E-RAB Modification Indication procedure

eNB MME

S1-AP: E-RAB MODIFICATION INDICATION

S1-AP: E-RAB MODIFICATION CONFIRM

Figure 19.2.2.4.5-1: E-RAB Modification Indication procedure

The E-RAB Modification Indication procedureis initiated by the eNB to support the modification ofalready established
E-RAB configurations and CSG membership verification. The current version ofthe specification supports the
modification ofthe transportinformation and CSGmembership verification. This procedureis used for DCif the SCG
beareroptionis applied.

If the EPC is able to apply the requested modification, the MMEresponds with the E-RABMODIFICATION
CONFIRM.

If the EPC is not able to modify a transport path as requested, the MM Eres ponds with the list of E-RABs failed in the
E-RAB MODIFICATION CONFIRM, the MeNB either keeps the previous transport pathunchanged and, ifapplicable,
triggers to release the corresponding SCGbearers, ortears down the corresponding E-RABs.

19.2.2.5 Handover signalling procedures

Handover signalling procedures supportboth, inter-eNB handover and inter-RAT handover.

Inter-RAT handovers shall be initiated via the S1 interface.

Inter-eNB handovers shall be initiated via the X2 interface except ifany ofthe following conditions are true:
- thesource eNBis not an RN and there is no X2 between sourceand targeteNB.

- thesource eNBis an RN and there is no X2 between DeNB and thetarget eNB orbetween the source RN and
the DeNB.
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- thesource eNBis an RN and the UE’s serving MME s not included in the MME Pool(s) connected with the
target eNB.

- thesource eNBhas been configuredto initiate handover to the particular targeteNB via S1 interface in orderto
enable the change ofan EPCnode (MMEand/or Serving GW).

- thesource eNBhas attempted to start theinter-eNB HO via X2 but receives a negative reply fromthe target eNB
with a specific cause value.

Inter-eNB handovers shall be initiated via the S1 interface, ifone ofthe above conditions applies.
19.2.2.51 Handover Preparation procedure

The Handover preparation procedure is initiated by the sourceeNB if it determines the necessity to initiate the handover
viathe S1 interface.

UE

Source eNB MME

S1-AP: HANDOVER REQUIRED

S1-AP: HANDOVER COMMAND

A

RRC: HANDOVER COMMAND

S1-AP: HANDOVER
PREPARATION FAILURE

Figure 19.2.2.5.1-1: Handover preparation procedure

The handover preparation comprises the following steps:
- The HANDOVER REQUIRED message is sentto the MME.

- Thehandover preparation phase is finished upon thereception ofthe HANDOVER COMMAND messagein the
source eNB, which includes at least radio interfacerelated information (HO Command for the UE), successfully
established E-RAB(s) and E-RA B(s) which failed to setup.

- In casethe handoverresource allocationis not successful (e.g. no resources are available on the target side) the
MMEresponds with the HANDOVER PREPARATION FAILURE messageinstead ofthe HANDOVER
COMMAND message.

19.2.2.5.2 Handover Resource Allocation procedure

The handoverresource allocation comprises the following steps:

Figure 19.2.2.5.2-1: Handover resource allocation procedure

- The MMEsendsthe HANDOVER REQUEST message includingthe E-RAB(s) which needs to be setup by the
target eNB.

- In the case ofa UE performing handover toward an RN, the HANDOVER REQUEST is received by the DeNB,
which shallread the target cell ID from the message, find the target RN corresponding to the target cell ID, and
forward the message toward the target RN.

- Thetarget eNBresponds with the HANDOVER REQUEST ACK message after the required resources forall
accepted E-RABs are allocated. The HANDOVER REQUEST A CK message contains successfully established
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E-RAB(s), E-RAB(s) which failed to setup and radio interfacerelated information (HO Command for the UE),
which is later sent transparently via the EPC/CN from the target RAT to the sourceRAT.

- Ifnoresources are available on the target side, thetarget eNB responds with the HANDOVER FAILURE
messageinstead ofthe HANDOVER REQUEST ACK message.

19.2.2.5.3 Handover Notification procedure

The Handover Completion for S1 initiated handovers comprises the following steps:

- The HANDOVER NOTIFY messageis sent by the target eNB to the MME when the UE has successfully been
transferred to the target cell. If the eNB supports SIPTO@LN with stand-alone gateway, the message shall
include the LHN ID.

UE Target eNB MME

RRC: HANDOVER CONFIRM

S1-AP: HANDOVER NOTIFY

Figure 19.2.2.5.3-1: Handover completion procedure

19.2.254 Handover Cancellation

This functionality is located in the source eNBto allow a final decisionregarding the outcome ofthe handover, i.e.
eitherto proceedorto cancelthe handover procedure.

Figure 19.2.2.5.4-1: Handover cancellation procedure

- ThesourceeNBsendsa HANDOVER CANCEL message to the MME indicating the reason for the handover
cancellation.

- The MMEconfirms the reception ofthe HANDOVER CANCEL message by returningthe HANDOVER
CANCEL ACK message.

19.2.255 Path Switch procedure

The handover completion phase for X2 initiated handovers comprises the following steps:

- The PATHSWITCHmessage is sent by the targeteNB to the MME when the UE has successfully been
trans ferred to the target cell. The PATH SWITCH messageincludes the outcome ofthe resource allocation:
successfully established E-RAB(s). Ifthe eNB supports SIPTO@LN with stand-alone gateway, the message

shallinclude the LHNID.
- The MMEresponds with the PATH SWITCH ACK message whichis sent to theeNB.

- The MMEresponds with the PATH SWITCH FAILURE message in case a failure occurs in the EPC.
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UE Target eNB MME

RRC: HANDOVER CONFIRM S1-AP: PATH SWITCH

\ 4

S1-AP: PATH SWITCH ACK

S1-AP: PATCH SWITCH FAILURE

Figure 19.2.2.5.5-1: Path Switch procedure

19.2.2.5.6 Message sequence diagrams
This subclause complements TR 25.922 [27] subclause 5.1.7.2 regarding the E-FUTRAN handling of containers.

Most RRCinformation is carried by means of containers across interfaces other than Uu. The following sequence
diagrams illustrate which RRC information should be included within these containers used across the different network

interfaces.

NOTE: In orderto maintain independence between protocols, no requirements are included in the interface
protocols that are used to transfer the RRC information.

SRVCC (see TS 23.216 [28]) is supported from EUTRAN to UTRAN or GERAN A/Gb mode and fromUTRAN or
GERAN A/Gb mode to EUTRAN.

There is no support for interworking between EUTRAN and GERAN Iu-mode and between EUTRAN and GAN.

Figure 19.2.2.5.6-1 and 19.2.2.5.6-1a illustrate the messagesequence for handover fromGERAN to EUTRAN
procedure:
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UE s-BSS CN t-eNB

24.008 ATTACH/RAU REQUEST

< 24.008 UE Network Capability: 24.301
UE Network Capability >

48.018 PS-HANDOVER-REQUIRED
> 36.413 HANDOVER REQUEST

»
P>

< 48.018 Source to Target Transparent
Container: 36.413 Source eNB to Target < 36.413 Source to Target Transparent
eNB Transparent Container: 36.331 Container: 36.413 Source eNB to Target
HandoverPreparationinformation> eNB Transparent Container: 36.331
HandoverPreparationinformation>
<36.413 UE Security Capabilities
(NOTE 1) >

36.413 HANDOVER REQUEST ACK

48.018 PS-HANDOVER-REQUIRED-ACK [
< 36.413 Target to Source Transparent

44.060 PS HANDOVER COMMAND < 48.018 Target to Source Transparent Container: 36.413 Targgt eNB to Source

<44.060 PS Handover to E-UTRAN Container: 36.413 Target eNB to Source eNBt'l'rlans.p;;e;;f’znta:jner. 3;:6'413 REC
load: 36.331 DL-DCCH-Mq : eNB Transparent Container: 36.413 RRC container: 5. andovert.ommand:

payloa essage P 36.331 DL-DCCH-Message: 36.331

container: 36.331 HandoverCommand:
36.331 DL-DCCH-Message: 36.331
RRCConnectionReconfiguration>

36.331 RRCC tionR fi tion>
onnectionReconiguration RRCConnectionReconfiguration>

36.331 UECapabilityEnquiry

36.331 UECapabilitylnformation |

NOTE 1: The information included in this IE is derived from the information provided in the “UE Network Capability” IE during network attach / RAU
Figure 19.2.2.5.6-1. Handover of PS domain service from GERAN A/Gb mode to EUTRAN, normal flow

UE is not requested to provide EEUTRAN UE capabilities while in GERAN. Hence the HANDOVER REQUEST does
not contain EEUTRAN UE capabilities, and the capabilities are fetched by TargeteNB from UE afterhandoveris

completed.
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UE s-BSS CN t-eNB

24.008 ATTACH/RAU REQUEST -

< 24.008 UE Network Capability: 24.301
UE Network Capability >

48.008 HANDOVER REQUIRED

< 48.008 Source eNB to target eNB 36.413 HANDOVER REQUEST

transparent information (E-UTRAN): >
36.413 Source eNB to Target eNB < 36.413 Source to Target Transparent
Transparent Container: 36.331 Container: 36.413 Source eNB to Target
HandoverPreparationinformation> eNB Transparent CFJntamer: 36.'331
HandoverPreparationinformation>
<36.413 UE Security Capabilities
(NOTE 1) >

36.413 HANDOVER REQUEST ACK

<
<

44.018 INTER SYSTEM TO E-UTRAN 48.008 HANDOVER COMMAND < 36.413 Target to Source Transparent
HANDOVER COMMAND < Container: 36.413 Target eNB to Source
< <48.008 Layer 3 Information: 36.413 eNB Transparent Container: 36.413 RRC
<44.018 DL-DCCH-Message: 36.331 Target eNB to Source eNB Transparent container: 36.331 HandoverCommand:
DL-DCCH-Message: 36.331 Container: 36.413 RRC 36.331 DL-DCCH-Message: 36.331
RRCConnectionReconfiguration> container: 36.331 HandoverCommand: RRCConnectionReconfiguration>
36.331 DL-DCCH-Message: 36.331

RRCConnectionReconfiguration>

36.331 UECapabilityEnquiry

36.331 UECapabilitylnformation

A 4

NOTE 1: The information included in this IE is derived from the information provided in the “UE Network Capabilitv” IE durina network attach / RAU

Figure 19.2.2.5.6-1a. Handover of CS domain service from GERAN A/Gb mode to PS-domain service
in EUTRAN, normal flow

UE is not requested to provide EEFUTRAN UE capabilities while in GERAN. Hence the HANDOVER REQUEST does
not contain E-UTRAN UE capabilities, and the capabilities are fetched by TargeteNB from UE after completed

handover.
Figure 19.2.2.5.6-2 illustrates the message sequence for PS handoverand CS handover fromUTRANto EUTRAN

procedure:
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UE s-RNC CN t-eNB

24.008 ATTACH/RAU REQUEST

< 24.008 UE Network Capability: 24.301
UE Network Capability >

25.331 UE CAPABILITY INFORMATION

<25.331: Inter-RAT UE radio access
capability: 36.331
UE-EUTRA-Capability >

25.413 RELOCATION REQUIRED

> 36.413 HANDOVER REQUEST
<25.413: Source To Target Transparent

Container: 36.413 Source eNB to Target | <36.413: Source to Target Transparent
eNB Transparent Container: 36.413 RRC | Container: 36.413 Source eNB to Target

Container: 36.331 eNB Transparent Container: 36.413 RRC
HandoverPreparationinformation> Container: 36.331

»

HandoverPreparationinformation >
<36.413 UE Security Capabilities
(NOTE 1) >

36.413 HANDOVER REQUEST ACK

25.413 RELOCATION COMMAND <
25.331 HANDOVER FROM UTRAN < <36.413: Target to Source Transparent
’ COMMAND <25.413; Target To Source Transparent Container: 36.413 Target eNB to Source
_ ) Container: 36.413 Target eNB to Source | €NB Transparent Container: 36.413 RRC
<25.331: E-UTRA message: 36.331 eNB Transparent Container: 36.331 container: 36.331 HandoverCommand:
DL-DCCH-.Message:‘36.3?f1 HandoverCommand: 36.331 36.331 DL-DCCH-Message: 36.331
RRCConnectionReconfiguration > DL-DCCH-Message: 36.331 RRCConnectionReconfiguration >

RRCConnectionReconfiguration >

NOTE 1: The information included in this IE is derived from the information provided in the “UE Network Capability” IE during network attach / RAU

Figure 19.2.2.5.6-2: Handover of PS domain service and handover of CS domain service from UTRAN
to EUTRAN, normal flow

Figure 19.2.2.5.6-3 to Figure 19.2.2.5.6-5 illustrate the messagesequence forthe handover from EUTRAN to GERAN
A/Gb mode procedure:
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36.331 UECapabilityEnquiry

s-eNB

<36.331 UE-CapabilityRequest >

36.331 UECapabilityInformation

<&

<36.331 UECapabilityRAT-Container:
24.008 Classmark 2 and Classmark 3 >
(NOTE 1)

36.331 MobilityFromEUTRAComman

»
»

203

36.413 HANDOVER REQUIRED

o]

A 4

<36.413 Source to Target Transparent
Container: 48.008 Old BSS to new BSS
info >
<24.008 Classmark 2 and Classmark 3>

36.413 HANDOVER COMMAND

3GPP TS 36.300 V15.0.0 (2017-12)

t-BSS

48.008 HANDOVER REQUEST

<48.008 Old BSS to new BSS info>
<24.008 Classmarks 2 and 3>

48.008 HANDOVER REQUEST ACK

<36.331 targetRAT-MessageContainer:
44.018 HANDOVER COMMAND>

<36.413 Target to Source Transparent

Container: 48.008 Layer 3 information:
44.018 HANDOVER COMMAND>

<48.008 Layer 3 information: 44.018
HANDOVER COMMAND>

NOTE 1: the GERAN capabilities can be stored by the MME at an earlier opportunity, as shown in Figure 18-1, and transferred to the eNB at
connection setup.

Figure 19.2.2.5.6-3: Handover of CS domain service from EUTRAN to GERAN A/Gb mode, normal flow
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UE s-eNB CN t-BSS

36.331 UECapabilityEnquiry

<36.331 UE-CapabilityRequest >
36.331 UECapabilityInformation

<36.331 ueCapabilitiesRAT-Container:

24.008 MS Radio Access Capability >
(NOTE 1) 36.413 HANDOVER REQUIRED

A

48.018 PS-HANDOVER-REQUEST
<36.413 Source to Target Transparent

Container: 48.018 Source BSS to Target BSS
Transparent Container: 24.008 MS Radio
Access Capability >
<36.413 Source to Target Transparent
Container: 48.018 Source BSS to Target BSS
Transparent Container: 48.018 EUTRAN Inter
RAT Handover Info: 36.331 UE-EUTRA-
Capability >

36.413 HANDOVER COMMAND

I

<48.018 Source BSS to Target BSS Transparent;

Container: 24.008 MS Radio Access Capability>

<48.018 Source BSS to Target BSS Transparent;

Container: 48.018 EUTRAN Inter RAT Handover|
Info: 36.331 UE-EUTRA-Capability >

«48.018 PS-HANDOVER-REQUEST-ACK

36.331 MobilityFromEUTRACommand | ¢ <48.018 Target BSS to Source BSS
< <36.413 Target To Source Transparent Transparent Container: 44.060 PS
< 36.331 targetRAT-MessageContainer: Container: 48.018 Target BSS to Source Handover Command and SI/PSI
44.060 PS Handover Command and BSS Transparent Container: 44.060 PS Container >
SI/PSI Container > Handover Command and SI/PSI (NOTE 2)
Container >

24.008 RAU COMPLETE
_______________________________ —»| 48.018 CREATE-BSS-PFC PDU
<24.008 Inter RAT handover Information: »
25.331 INTER RAT HANDOVER INFO > <24.008 Inter RAT handover Information:
25.331 INTER RAT HANDOVER INFO >

NOTE 1: the GERAN capabilities can be stored by the MME at an earlier opportunity, as shown in Figure 18-1, and transferred to the eNB at
connection setup.

NOTE 2: the inclusion of GERAN SI/PSl is dependent on the PS Handover Indication in the Source BSS to Target BSS Transparent Container
in the HANDOVER REQUIRED messaae.

Figure 19.2.2.5.6-4. Handover of PS domain service from EUTRAN to GERAN A/Gb mode, normal flow
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UE s-eNB CN t-BSS

36.331 UECapabilityEnquiry

<36.331 UE-CapabilityRequest >

36.331 UECapabilityInformation

<36.331 ueCapabilitiesRAT-Container:
24.008: Classmark2, Classmark3 and
24.008: MS Radio Access Capability >

(NOTE 1) 36.413 HANDOVER REQUIRED

<36.413 Source to Target Transparent 48.008 HANDOVER REQUEST

Container: 48.018 Old BSS to New BSS
Information : 48.008 Old BSS to New
BSS Information>
<24.008 Classmark 2 and Classmark 3

> 48.018 PS-HANDOVER-REQUEST
<36.413 Source to Target Transparent
Container: 48.018 Source BSS to Target
BSS Transparent Container: 24.008 MS
Radio Access Capability >
<36.413 Source to Target Transparent
Container: 48.018 Source BSS to Target
BSS Transparent Container: 48.018
EUTRAN Inter RAT Handover Info:
36.331 UE-EUTRA-Capability>

<48.008 Old BSS to new BSS info >
<24.008 Classmark 2 and Classmark 3>

< 48.018 Source BSS to Target BSS
Transparent Container: 24.008 MS Radio
Access Capability >
<48.018 Source BSS to Target BSS
Transparent Container: 48.018 EUTRAN
Inter RAT Handover Info: 36.331
UE-EUTRA-Capability>

48.008 HANDOVER REQUEST ACK

<48.008 Layer 3 information: 44.060
DTM HANDOVER COMMAND>

48.018 PS-HANDOVER-REQUEST-ACK

&

36.413 HANDOVER COMMAND

36.331 MobilityFromEUTRACommand | <48.018 Target BSS to Source BSS
P <36.413 Target to Source Container: Transparent Container: 44.060 DTM
< 36.331 targetRAT-MessageContainer: | 48.008 Layer 3 information: 44.060 DTM HANDOVER COMMAND>
44.060 DTM HANDOVER COMMAND> HANDOVER COMMAND>

<36.413 Target To Source Transparent
Container: 48.018 Target BSS to Source
BSS Transparent Container: 44.060 DTM
HANDOVER COMMAND>

24.008 RAU COMPLETE
<24.008 Inter RAT handover Information:
25.331 INTER RAT HANDOVER INFO > 48.018 CREATE-BSS-PFC PDU >

<24.008 Inter RAT handover Information:
25.331 INTER RAT HANDOVER INFO >

NOTE 1: the GERAN capabilities can be stored by the MME at an earlier opportunity, as shown in Figure 18-1, and transferred to the eNB at
connection setup.

NOTE 2: the 36.413 HANDOVER COMMAND includes two identical copies of the 44.060 DTM HANDOVER COMMAND message i.e. the eNB
can forward either of the two

Figure 19.2.2.5.6-5: Handover of CS and PS domain services from EUTRAN to GERAN A/Gb mode,
normal flow

Figure 19.2.2.5.6-6 and Figure 19.2.2.5.6-7 illustrate the messagesequence forthe handover from EUTRANto UTRAN
procedure:
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[ |

36.331 UECapabilityEnquiry

s-eNB

<36.331 ueCapabilityRequest>

36.331 UECapabilityInformation

<

<36.331 ueCapabilitiesRAT-Container:
25.331 RRC Information to target RNC:
INTER RAT HANDOVER INFO >

36.331 MobilityFromEUTRACommand

>
P

206

36.413 HANDOVER REQUIRED

o]

<36.413 Source to Target Transparent
Container: 25.413 Source RNC to Target
RNC Transparent Container: 25.331
INTER RAT HANDOVER INFO WITH
INTER RAT CAPABILITIES: 36.331 UE-
EUTRA-Capability >

36.413 HANDOVER COMMAND

3GPP TS 36.300 V15.0.0 (2017-12)

25.413 RELOCATION REQUEST

t-RNC

< 25.413 Source RNC to Target RNC
Transparent Container : 25.331 INTER
RAT HANDOVER INFO WITH INTER
RAT CAPABILITIES: 36.331 UE-EUTRA-
Capability >

25.413 RELOCATION REQUEST ACK

<36.331 targetRAT-MessageContainer :

25.331 HANDOVER to UTRAN
COMMAND>

<36.413 Target To Source Transparent
Container: 25.413 Target RNC to Source
RNC Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >

< 25.413 Target RNC to Source RNC
Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >

Figure 19.2.2.5.6-6. Handover of PS or CS domain service from EUTRAN to UTRAN, normal flow
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36.331 UECapabilityenquiry

<36.331 ueCapabilityRequest >

36.331 UECapabilitylnformation

»

<36.331 ueCapabilitiesRAT-Container:
25.331 RRC Information to target RNC:
INTER RAT HANDOVER INFO >

s-eNB

207

(o |

3GPP TS 36.300 V15.0.0 (2017-12)

36.413 HANDOVER REQUIRED

25.413 RELOCATION REQUEST (CS)

<36.413 Source to Target Transparent
Container: 25.413 Source RNC to Target
RNC transparent Container: 25.331
INTER RAT HANDOVER INFO WITH
INTER RAT CAPABILITIES: 36.331 UE-
EUTRA-Capability >
<36.413 Source to Target Transparent
Container: 25.413 Source RNC to Target
RNC transparent Container: 25.331

»

< 25.413Source RNC to Target RNC
transparent Container: 25.331 INTER RAT
HANDOVER INFO WITH INTER RAT
CAPABILITIES: 36.331 UE-EUTRA-
Capability >

25.413 RELOCATION REQUEST (PS)

INTER RAT HANDOVER INFO WITH
INTER RAT CAPABILITIES: 36.331 UE-

»
>

< 25.413Source RNC to Target RNC

t-RNC

EUTRA-Capability > transparent Container: 25.331 INTER
RAT HANDOVER INFO WITH INTER
RAT CAPABILITIES: 36.331 UE-EUTRA-

Capability >

_ 25.413 RELOCATION REQUEST ACK (C$)

< 25.413 Target RNC to Source RNC
Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >

25.413 RELOCATION REQUEST ACK (PS)

36.413 HANDOVER COMMAND < 25.413 Target RNC to Source RNC

Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >

<36.413 Target To Source Transparent
Container: 25.413 Target RNC to Source
RNC Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >
<36.413 Target To Source Transparent
Container: 25.413 Target RNC to Source
RNC Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >

36.331 MobilityFromEUTRACommand

<36.331 targetRAT-MessageContainer :
25.331 HANDOVER to UTRAN
COMMAND>

Figure 19.2.2.5.6-7. Handover of PS and CS domain service from EUTRAN to UTRAN, normal flow

19.2.2.5.7 eNB Status Transfer procedure

The purposeofthe eNB Status Transfer procedureis to transfer theuplink PDCP SN and HF N receiver status and the
downlink PDCP SN and HFN transmitter status fromthe eNB to the MMEduring an S1 handover for each respective
E-RAB forwhich PDCP SN and HFN status preservationapplies.
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eNB

3GPP TS 36.300 V15.0.0 (2017-12)

MME

S1-AP: eNB Status Transfer

A 4

Figure 19.2.2.5.7-1: eNB Status Transfer

19.2.2.5.8 MME Status Transfer procedure

The purposeofthe MME Status Transfer procedureis to transfer theuplink PDCP SN and HF N receiver status and the
downlink PDCP SN and HFN transmitter status fromthe MMEto the eNB during an S1 handover for each respective

E-RAB forwhich PDCP SN and HFN status preservationapplies.

eNB

MME

«S1=-AP: MME Status Transfer

Figure 19.2.2.5.8-1: MME Status Transfer

19.2.2.6 NAS transport procedures

A NAS signalling messageis transferred on the S1 interface in both directions. The procedures providing this

functionality are:

Initial UE Message procedure (eNB initiated);

Uplink NAS transport procedure (eNB initiated);

Downlink NAS transport procedure (MME initiated);

Downlink NA S non delivery indication procedure (eNB initiated)
Downlink NA S delivery indication procedure; (eNB initiated);

Reroute NAS Request procedure.

1) Initial UE Messageprocedure
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eNB MME

S1-AP: INITIAL UE MESSAGE

A 4

Figure 19.2.2.6-1: Initial UE Message procedure

- The INITIALUE MESSAGE procedure is initiatedby theeNB by sending the INITITALUE MESSAGE
messageto the MME. The INITIALUE MESSAGE contains a NAS message (e.g. Service Request), the UE
signalling reference ID and other S1 addressing information. Ifthe eNBis a HeNB supporting LIPA, the
messageshallinclude the HeNB collocated L-GW IP address to enable the establishment ofa LIPA PDN
connection. Ifthe eNB supports SIPTO@LN with collocated L-GW , the message shallinclude the collocated L~
GW IP address to enable the establishment ofa SIPTO@LN PDN connection. Ifthe eNB supports SIPTO@LN
with stand-alone gateway, themessage shallinclude the LHNID. In case of UE accessto a CSGeell the
INITIAL UE MESSAGE contains the CSGid ofthe cell. In case of UE access to a hybrid cellthe INITIALUE
MESSAGE contains the CSGid and Access Mode ofthe cell.

i) Uplink NAS Transport procedure (eNB initiated)

eNB MME

S1-AP: UPLINK NAS TRANSPORT

\ 4

Figure 19.2.2.6-2: Uplink NAS Transport procedure

- The Uplink NAS Transport procedureis initiated by the eNB by sending the UPLINK NAS TRANSPORT
messageto the MME. The UPLINK NAS TRANSPORT message contains a NAS message, UEidentification
and other S1related addressing information. Ifthe eNBis a HeNB supporting LIPA, the message shallinclude
the HeNB collocated L-GW IP address toenable the establishmentofa LIPA PDN connection. Ifthe eNB
supports SIPTO@LN with collocated L-GW, the message shallinclude the collocated L-GW IP address to
enable the establishment ofa SIPTO@LN PDN connection. Ifthe eNB supports SIPTO@LN with stand-alone

gateway, themessage shallinclude the LHN ID.
iii) Downlink NA S Transport procedure (MME initiated)
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eNB MME

S1-AP: DOWNLINK NAS TRANSPORT

A

Figure 19.2.2.6-3: Downlink NAS Transport procedure

- The Downlink NAS Transport procedure is initiated by the MMEby sending the DOWNLINK NA S
TRANSPORT message tothe eNB. The DOWNLINK NAS TRANSPORT contains a NAS message, UE
identification and other S1 related addressing information and may contain the UE Radio Capability information.
In addition arequest to indicate thesuccessful delivery ofthe Downlink NAS PDU to the UEmay be included in
the DOWNLINK NAS TRANSPORT message.

iv) Downlink NAS non delivery indication procedure

eNB MME

S1-AP: DOWNLINK NAS NON DELIV ERY
INDICATION

Figure 19.2.2.6-4: Downlink NAS Non Delivery Indication procedure

- WhentheeNBdecides to not start the delivery ofa NAS message that has beenreceived fromMME, it shall
report the non-delivery ofthis NAS message by sendinga DOW NLINK NAS NON DELIVERY INDICATION

messageto the MMEincludingthenon-delivered NA S message and an appropriate cause value.

v) Downlink NAS delivery indication procedure

eNB MME

S1-AP: DOWNLINK NAS DELIVERY
INDICATION

A4

Figure 19.2.2.6-5: Downlink NAS Delivery Indication procedure

- The eNB may berequestedby the MMEto providean indication whether the Downlink NAS PDU has been
successfully delivered to the UE. The eNB then triggers the Downlink NAS Delivery Indication procedure per

downlink NAS PDU providedin a DOWNLINK NAS TRANSPORT as specified in TS 23.401 [17].
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vi) Reroute NAS Request procedure

eNB MME

S1-AP: REROUTE NAS REQUEST

<

Figure 19.2.2.6-6: Reroute NAS Request procedure

The Reroute NAS Request procedure is usedto reroute a NAS message (and thereby a UE) to another MME when
DCNs are used.

The procedure is initiated by the MME sending the REROUTENA S REQUEST message. Uponreceivingthe
REROUTE NAS REQUEST message, theeNBselectsa MMEin the indicated DCN and sends the INITIALUE
MESSAGE message to thenew selected MMEas describedin TS 23.401 [17]. In case a UE-associated logical S1-
connection was established betweenthe MMEand the eNB, uponsending (respectively receiving) the REROUTE NAS
REQUEST message the MME (respectively eNB) shall locally remove the UE-associated logical S1-connection.

19.2.2.7 S1 interface Management procedures
19.2.2.71 Reset procedure

The purposeofthe Reset procedure is to re-initialize the peer entity or part ofthe peerentity afternode setup and aftera
failure event occurred. This procedure s initiated by both theeNB and MME.

19.2.2.7.1a eNB initiated Reset procedure

eNB MME

S1-AP: RESET

S1-AP: RESET ACK

A

Figure 19.2.2.7.1a-1: eNB initiated Reset procedure

- TheeNB triggers the RESET message to indicate thatan initialisationin the MMEis required. The MME
releases the corresponding references and resources.

- Afterwards the MMEsends the RESET ACK messageto confirmthat the resources and references are cleared.
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19.2.2.7.1b MME initiated Reset procedure

eNB MME

S1-AP: RESET

S1-AP: RESET ACK

Figure 19.2.2.7.1b-1: MME initiated Reset procedure

- The MMEtriggers the RESET message to indicate thatan initialisation in the eNBis required. The eNBreleases
the corresponding references and resources.

- Afterwards the eNBsends the RESET ACK messageto confirmthat the resources and references are cleared.
19.2.2.7.2 Error Indication functions and procedures

The Error Indication procedure is initiated by the eNB and the MME, to report detected errors in one incoming
message, ifan appropriate failure message cannot be reported to the sending entity.

19.2.2.7.2a eNB initiated error indication

eNB MME

S1-AP: ERROR INDICATION

\ 4

Figure 19.2.2.7.2a-1: eNB initiated Error Indication procedure

The eNB sends the ERROR INDICA TION message to report the peer entity which kind of error occurs.

19.2.2.7.2b MME initiated error indication

eNB MME

S1-AP: ERROR INDICATION

Figure 19.2.2.7.2b-1: MME initiated Error Indication procedure

The MMEsends the ERROR INDICA TION message to report the peer entity which kind oferror occurs.

19.2.2.8 S1 Setup procedure

The S1 Setup procedure is usedto exchange configured datawhich is required in the MM E and in the eNBrespectively
to ensure a proper interoperation. The S1 Setup procedure is triggered by the eNB. The S1 Setup procedureis the first
S1AP procedure which will be executed.
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eNB MME

S1-AP: S1 SETUP REQUEST

A 4

S1-AP: S1 SETUP RESPONSE

A

S1-AP: S1 SETUP FAILURE

A

Figure 19.2.2.8-1: S1 Setup procedure

The eNB initiates the S1 Setup procedure by sendingthe S1 SETUP REQUEST messageincluding supported
TAs and broadcasted PLMNs to the MME.

In the successful case the MMEresponds with the S1 SETUP RESPONSE message whichincludes served
PLMN:s as well as a relative MME capacity indicator to achieve load balanced MMEs in the pool area.

The MMEand the eNB may agree at the S1 Setup procedure that UE-related contexts and related signalling
connectionthat have beenexisting before the S1 Setup shallnot be affected. The MME or eNB orboth may
triggeran S1AP Reset procedure forany UE-related context and related signalling connection for UEs which
could notbe kept in ECM_ CONNECTED and RRC_CONNECTED or for UEs for which the MMEorthe eNB
decided to removethe UE-related context and related signalling connection. If either the MMEand the eNBdo
not agree to keep the UE-related contexts (ifany), then they are removed and allrelated signalling connections

are erased.

If the MME-cannotacceptthe S1 Setup Request the MMEresponds with the S SETUP FAILURE message
indicating the reason ofthe denial. The MME optionally indicates in the S1 SETUP FAILURE message when

the eNBis allowed to re-initiate the S1 Setup Request procedure towards the same MMEagain.

19.2.2.9 eNB Configuration Update procedure

The eNB Configuration Update procedure is used to provide updated configured data in eNB. The eNB Configuration
Update procedure is triggered by the eNB.

eNB MME

S1-AP: ENB CONFIGURATION UPDATE

»

S1-AP: ENB CONFIGURATION UPDATE ACKNOWLEDGE

<

S1-AP: ENB CONFIGURATION UPDATE FAILURE

Figure 19.2.2.9-1: eNB Configuration Update procedure

The eNB initiates the eNB Configuration Update procedure by sending the ENB CONFIGURA TION UPDATE
messageincluding updated configured data like supported TAs and broadcasted PLMNs to the MME. In case
one ormore supported TA(s)needs tobe updated, theeNBshall provide the whole list of TA(s), including those

which has not been changed, in the ENB CONFIGURATION UPDATE message.

The MMEresponds with the ENB CONFIGURATION UPDATE ACKNOW LEDGE message to acknowledge
that the provided configuration dataare successfully updated.

The MMEshall overwrite andstore thereceived configuration data which are included in the ENB
CONFIGURATION UPDATEmessage. Configuration data which has not beenincluded in the ENB
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CONFIGURATION UPDATEmessage are interpreted by the MME as still valid. For the provided TA(s) the
MMEshall overwrite the whole list of supported TA(s).

In case the MME cannot accept thereceived configuration updates the MME shall respond with the ENB
CONFIGURATION UPDATEFAILURE message including an appropriate cause value to indicate the reason of
the denial. The MME optionally indicates in the ENB CONFIGURATION UPDATE FAILURE messagewhen
the eNBis allowed to re-initiate the eNB Configuration Update procedure towards thesame MMEagain. Forthe
unsuccessfulupdate case theeNB and the MMEshall continue with the existing configuration data.

19.2.2.9a eNB Configuration Transfer procedure

The eNB Configuration Transfer procedureis initiated by the eNB to request and/or transfer RAN configuration
information via the core network.

eNB MME

S1-AP: ENB CONFIGURATION TRANSFER

A 4

Figure 19.2.2.9a-1: eNB Configuration Transfer procedure

The eNB Configuration Transfer procedureis initiated by the eNB by sending the eNB CONFIGURA TION
TRANSFER message tothe MME. The eNB CONFIGURA TION TRANSFER message contains RAN configuration
information (e.g. SON information) and otherrelevantinformationsuch as therouting address which identifies the final
RAN destinationnode.

19.2.2.10 MME Configuration Update procedure

The MME Configuration Update procedure is used to provide updated configured data and changes ofthe relative
MME capacity values in the MME. The MME Configuration Update procedure is triggered by the MME.

eNB MME

S1-AP: MME CONFIGURATION UPDATE

<

S1-AP: MME CONFIGURATION UPDATE ACKNOWLEDGHE

S1-AP: MME CONFIGURATION UPDATE FAILURE

\4

Figure 19.2.2.10-1: MME Configuration Update procedure

The MMEinitiates the MME Configuration Update procedure by sending the MME CONFIGURA TION
UPDATEmessage includingupdated configured data like served PLMNs and changes ofthe relative MME
capacity values to the eNB.

The eNB responds with the MME CONFIGURA TION UPDATE ACKNOW LEDGE message to acknowledge
that the provided configuration dataandthe relative MME capacity values are successfully updated.

The eNB shall overwrite and store thereceived configuration dataandrelative MME capacity values which are
included in the MM E CONFIGURA TION UPDATE message. Configuration data which has not been included

in the MME CONFIGURATION UPDATE message are interpreted by the eNB as still valid.
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- In casethe eNB cannot accept thereceived configuration updates the eNB shall respond with the MME
CONFIGURATION UPDATEFAILURE message including an appropriate cause value to indicate the reason of
the denial. The eNB optionally indicates in the MME CONFIGURATION UPDATE FAILURE message when
the MME s allowed to re-initiate the MME Configuration Update procedure towards the same eNB again. For
the unsuccessfulupdate casethe eNB and the MM E shall continue with the existing configurationdataand
relative MME capacity values.

19.2.2.10a MME Configuration Transfer procedure

The MME Configuration Transfer procedureis initiated by the MMEto request and/or transfer RAN configuration
information to the eNB.

eNB MME

S1-AP: MME CONFIGURATION TRANSFER

A

Figure 19.2.2.10a-1: MME Configuration Transfer procedure

The MME Configuration Transfer procedureis initiated by the MMEDby sending the MME CONFIGURA TION
TRANSFER message tothe eNB. The MME CONFIGURA TION TRANSFER message contains RAN configuration

information (e.g. SON information) and other relevantinformation.
19.2.2.11 Location Reporting procedures
The Location Reporting procedures providethe means to report the current location ofa specific UE.
The procedures providing this functionare:
- Location Reporting Control procedure;
- Location Report procedure;
- Location Report Failure Indication procedure.
If DC is configured fora specific UE, the location reported refers to thecellserved by the MeNB.

NOTE: The following STIAP procedures are able to provide location information without thereportingbeing
triggered by the Location Reporting Control procedure:
S1 UE Context Release, E-RAB Release, E-RABRelease Indication, Path Switch, Handover Notification,

Initial UE Message, Uplink NAS Transport.
19.2.2.11.1 Location Reporting Control procedure

eNB MME

_ S1-AP: LOCATION REPORTING CONTROL

Figure 19.2.2.11.1-1: Location Reporting Control procedure
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The Location Reporting Control procedure is initiated by the MME sending the LOCA TION REPORTING CONTROL
to the eNBto requestthe currentlocation information, e.g. Cell ID, of a specific UE, and how the information shallbe
reported, e.g. direct report, report every cell change. The Location Reporting Control procedure is also used to terminate

reporting on cell change.

If the Location Reporting Control procedure fails, e.g. due to an interaction with an initiated handoverthentheeNB
shallindicate the failure using the Location Report Failure Indication procedure.

If the Location Reporting Control procedure is on going fora specific UE and the eNBreceived an UECONTEXT
RELEASE COMMAND message fromMMEthis specific UE then the eNB shall terminate the on-going Location
Reporting.

19.2.2.11.2 Location Report procedure

eNB MME

S1-AP: LOCATION REPORT

v

Figure 19.2.2.11.2-1: Location Report procedure

The Location Report procedureis initiated by the eNB by sending the LOCATION REPORT to the MME'to report the
current locationinformation ofa specific UE as a standalone report, orevery time UE changes cell.

19.2.2.11.3 Location Report Failure Indication procedure

eNB MME

S1-AP: LOCATION REPORT FAILURE |
INDICATION

Figure 19.2.2.11.3-1: Location Report Failure Indication procedure

The Location Report Failure Indication procedure is initiated by theeNB by sending the LOCATION REPORT
FAILURE INDICATION to the MMEto indicatethatthe Location Report Control procedure has failed dueto e.g. UE
has performed inter-eNB handover.

19.2.2.12 Overload procedure

19.2.2.12.1 Overload Start procedure

The Overload Start procedure is used by the MMEto indicate to a proportion of eNBs to which the MMEhas an S1
interface connection that the MME s overloaded. The Overload Start procedure is used to provide an indicationof
which type of RRC connections needs to be rejected/permitted only.
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MME

S1-AP: OVERLOAD START

Figure 19.2.2.12.1-1 Overload Start procedure

Ifthe OVERLOAD START message contains a list of GUMMETIs, the eNBshallselect the new RRC connections tobe

rejected based on this list.

The eNB may also trigger EABas specified in TS 23.401 [17] subclause 4.3.7.4.1 and TS 23.251 [54] subclause 4.6.
19.2.2.12.2 Overload Stop procedure

The Overload Stop procedureis used by the MMEto indicatethe concerned eNB(s) thatthe MMEis no longer

overloaded.

eNB

MME

S1-AP: OVERLOAD STOP

Figure 19.2.2.12.2-1: Overoad Stop procedure

If the OVERLOAD STOP message contains a list of GUMMEIs, the eNB shallstop rejecting the new RRC connections
corresponding to each received GUMMEI value ifapplicable.

The eNB may also stopongoing EABactions.

19.2.2.13 Write-Replace Warning procedure

eNB

MME

<

S1-AP: WRITE-REPLACE WARNING

<

REQUEST
S1-AP: WRITE-REPLACE WARNING

RESPONSE

A\ 4

Figure 19.2.2.13.1-1: Write-Replace Waming procedure

The Write-Replace Warning procedure is used to startthe broadcasting ofa PW S warning message.

ETWSis an example of PW S warning systemusing this procedure where one message at a time can be delivered over

the radio.
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CMAS is another example of PW S warning systemusing this procedure which allows the broadcast of multiple
concurrent warning messages over the radio.

The procedure is initiated by the MME by sending WRITE-REPLA CE W ARNING REQUEST message containing at
least the Message Identifier, Warning Arealist, information on how the broadcast should be performed, and the
contents ofthe warning messageto be broadcast.

The eNB responds with WRITE-REPLA CE W ARNINGRESPONSE message toacknowledgethatthe requested PW S
warning message broadcast was initiated.

ETWSand CMAS are independentservices and ETW S and CM A S messages are differentiatedover S1 in orderto
allow different handling.

In the case of ETWS, the Write-Replace Warning procedure canalsobe used to overwrite the ongoing broadcasting of
an ETWS warning message.

19.2.2.14 eNB Direct Information Transfer procedure

The eNB Direct Information Transfer procedureis initiated by the eNB to request and transfer information to the core
network.

eNB MME

S1-AP: ENB DIRECT INFORMATION TRANSFER |

Figure 19.2.2.14-1: eNB Direct Information Transfer procedure

The eNB Direct Information Transfer procedureis initiated by the eNB by sending the eNB DIRECT INFORM A TION
TRANSFER message tothe MME. The eNB DIRECT INFORMA TION TRANSFER message contains RIM

information and RIM routing address which identifies the final RAN destination node.
19.2.2.15 MME Direct Information Transfer procedure

The MME Direct Information Transfer procedure is initiated by the MMEto request and transfer information tothe
eNB.

eNB MME

S1-AP: MME DIRECT INFORMATION TRANSFER

A

Figure 19.2.2.15-1: MME Direct Information Transfer procedure

The MME Direct Information Transfer procedure is initiated by the MMEby sending the MME DIRECT
INFORMATION TRANSFER message to theeNB. The MMEDIRECT INFORMATION TRANSFER message

contains RIM information.
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19.2.2.16 S1 CDMA2000 Tunnelling procedures

The S1 CDMA2000 Tunnelling procedures carry CDM A 2000 signalling messages between UEand CDMA2000RAT
overthe S1 Interface. This includes signalling for pre-registration and handover preparation for optimized mobility
from E-UTRAN to CDM A 2000 HRPD, signalling for handover preparation for mobility from E-UTRAN to
CDMAZ2000 IxRTT and signalling to support CS fallbackto CDMA 2000 IxXRTT for mobile originated and mobile
terminated CS domain services. The CDM A2000 messages are tunnelled transparently to theeNBand MME, however,
additional information may be sent along with the tunnelled CDM A 2000 messageto assist the eNodeBand MMEin the
Tunnelling procedure. The procedures providing this functionality are:

- Downlink ST CDMA2000 Tunnelling procedure;
- Uplink S1 CDMA2000 Tunnelling procedure.
19.2.2.16.1 Downlink S1 CDMA2000 Tunnelling procedure

The MMEsends the DOWNLINK S1 CDM A 2000 TUNNELLING message to theeNB to forward a CDM A 2000
messagetowards an UE for which a logical S1 connectionexists (seeFigure 19.2.2.16.1-1 below).

eNB MME

DOWNLINK S1 CDMA2000 TUNNELING

hl

] |
Figure 19.2.2.16.1-1: Downlink S1 CDMA2000 Tunnelling procedure

19.2.2.16.2 Uplink S1 CDMA2000 Tunnelling procedure

The eNB sends the UPLINK S1 CDM A 2000 TUNNELLING messageto theMMEto forward a CDM A 2000 message
towards the CDMA2000 RAT (HRPD or 1xRTT) as depicted on Figure 19.2.2.16.2-1 below.

eNB MME

UPLINK S1 CDMA2000 TUNNELING

[
»

IR ]
Figure 19.2.2.16.2-1: Uplink S1 CDMA2000 Tunnelling procedure
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19.2.2.17 Kill procedure

eNB MME

<S1-AP: KILL REQUEST

S1-AP: KILL RESPONSE

\ 4

Figure 19.2.2.17-1: Kill procedure

The Kill procedure is used to stop the broadcasting ofa PW S warning message orall PW S warning messages.
CMAS s an example of warning systemusing this procedure. The ETW S warning systemdoesn’t use this procedure.

The procedure is initiated by the MME sending the KILL REQUEST message containingat leastthe Message Identifier
and serialnumber ofthe message to be killed and the Warning AreaList where it shall be killed.

The eNB responds with a KILL RESPONSE message to acknowledge that the requested PW S message broadcast
delivery has actually been stopped.

19.2.2.18 LPPa Transport procedures

An LPPa signalling message is transferred on the S1 interface in both directions. The procedures providing this
functionality are:

- Downlink UE Associated LPPa Transport procedure;

- Uplink UE Associated LPPa Transport procedure;

- Downlink Non UE Associated LPPa Transportprocedure;
- Uplink Non UE Associated LPPa Transport procedure.

The UE-associated signalling is used to support E-CID positioningofa specific UE. The non-UE associated signalling
is used to obtain assistance data froman eNodeB to support OTDOA positioning forany UE.

19.2.2.18.1 Downlink UE Associated LPPa Transport procedure

The Downlink UE Associated LPPa Transportprocedureis initiated by the MMEby sending the DOWNLINK UE
ASSOCIATED LPPA TRANSPORT message to theeNB. The DOWNLINK UE ASSOCIATED LPPA TRANSPORT

contains an LPPa message.

eNB MME

_ S1-AP: DOWNLINK UE ASSOCIATED LPPA
~ TRANSPORT

Figure 19.2.2.18.1-1: Downlink UE Associated LPPa Transport procedure
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19.2.2.18.2 Uplink UE Associated LPPa Transport procedure

The Uplink UE Associated LPPa Transport procedure is initiated by the eNB by sending the UPLINK UE
ASSOCIATED LPPA TRANSPORT message to the MME. The UPLINK UE ASSOCIATED LPPA TRANSPORT

messagecontains a LPPamessage.

eNB MME

S1-AP: UPLINK UE ASSOCIATED LPPA ~
TRANSPORT

A

Figure 19.2.2.18.2-1: Uplink UE Associated LPPa Transport procedure

19.2.2.18.3 Downlink Non UE Associated LPPa Transport procedure

The Downlink Non UE Associated LPPa Transport procedure is initiated by the MMEby sendingthe DOWNLINK
NON UE ASSOCIATED LPPA TRANSPORT message to theeNB. The DOWNLINK NON UE ASSOCIATED LPPA

TRANSPORT contains a LPPa message.

eNB MME

_ S1-AP: DOWNLINK NON UE ASSOCIATED
~ LPPA TRANSPORT

Figure 19.2.2.18.3-1: Downlink Non UE Associated LPPa Transport procedure

19.2.2.18.4 Uplink Non UE Associated LPPa Transport procedure

The Uplink Non UE Associated LPPa Transport procedure is initiated by theeNB by sending the UPLINK NON UE
ASSOCIATED LPPA TRANSPORT message to the MME. The UPLINK NON UE ASSOCIATED LPPA

TRANSPORT message contains an LPPa message.

eNB MME

S1-AP: UPLINK NON UE ASSOCIATED -
LPPA TRANSPORT

A

Figure 19.2.2.18.4-1: Uplink Non UE Associated LPPa Transport procedure

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022

Page 221



Release 15 222 3GPP TS 36.300 V15.0.0 (2017-12)

19.2.2.19 Trace procedures

The Trace procedures providethe means to control trace sessions and MDT sessions in the eNB for both signalling and
management triggered sessions.

The procedures providing this functionare:
- Trace Start procedure;
- Trace Failure Indication procedure;
- Deactivate Trace procedure;
- Cell Traffic Trace procedure.

19.2.2.19.1 Trace Start procedure

eNB MME

S1-AP: TRACE START

A

Figure 19.2.2.19.1-1: Trace Start procedure

The Trace Start procedure is initiated by the MME by sendingthe TRACE START message to the eNBin orderto
requestthe initiation ofa trace session fora specific UE in ECM_CONNECTED mode orrequest the initiationofan
MDT session fora specific UE.

19.2.2.19.2 Trace Failure Indication procedure

eNB MME

S1-AP: TRACE FAILURE INDICATION

v

Figure 19.2.2.19.2-1: Trace Failure Indication procedure

The Trace Failure Indication procedure is initiated by the eNB by sending the TRACEFAILURE INDICA TION
messageto the MMEto report thata Trace Start procedure or a Deactivate Trace procedure has failed dueto an
interaction with a handover procedure.
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19.2.2.19.3 Deactivate Trace procedure

eNB MME

S1-AP: DEACTIVATE TRACE

A

Figure 19.2.2.19.3-1: Deactivate Trace procedure

The Deactivate Trace procedure is initiated by the MMEDby sendingthe DEACTIVATE TRA CE messageto theeNBto
requestthe termination ofan ongoingtracesession.

19.2.2.19.4 Cell Traffic Trace procedure

eNB MME

S1-AP: CELL TRAFFIC TRACE

v

Figure 19.2.2.19.4-1: Cell Traffic Trace procedure

The Cell Traffic Trace procedure is initiated by the eNB by sendingthe CELL TRAFFIC TRA CE message to the MME
to report the allocated Trace Recording Session Referenceand the Trace Referenceto MME. This procedure is used to
support management triggered trace.

19.2.2.20 UE Capability Info Indication procedure

The purposeofthe UE Capability Info Indication procedure is to enable the eNBto provide to the MME UE capability-
related information, as describedin TS 23.401 [17].

eNB MME

S1-AP: UE CAPABILITY INFO INDICATION

A 4

Figure 19.2.2.20-1: UE Capability Info Indication procedure
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19.2.2.21 UE Radio Capability Match procedure

eNB MME

1-AP: UE RADIO CAPABILITY MATCH
REQUEST

S1-AP: UE RADIO CAPABILITY MATCH
RESPONSE g

Figure 19.2.2.21-1: UE Radio Capability Match procedure

The UE Radio Capability Match procedure is initiated by the MMEto requestan indication on whether the UE Radio
capabilities match the network configuration for voice continuity.

19.2.2.22 PWS Restart Indication procedure

eNB MME

S1-AP: PWS Restart Indication

v

Figure 19.2.2.22-1: PWS Restart Indication procedure

The PW S Restart Indication procedure is used to informthe MM Ethat PWS information forsome cells orall cells of
the eNBare available forreloading fromthe CBC if needed.

The procedure is initiated by theeNB sendingthe PWS RESTART INDICATION message.
19.2.2.23 PWS Failure Indication procedure

eNB MME

S1-AP: PWS Failure Indication

\4

Figure 19.2.2.23-1: PWS Failure Indication procedure
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The PW S Failure Indication procedure is used to informthe MME that ongoing PWS operation has failed forone or
more cells.

The procedure is initiated by theeNB sending the PWS FAILUREINDICA TION message.
19.2.2.24 UE Context Modification Indication procedure

eNB MME

S$1-AP: UE CONTEXT MODIFICATION
INDICATION >
$1-AP: UE CONTEXT MODIFICATION
< CONFIRM

Figure 19.2.2.24-1: UE Context Modification Indication procedure

The UE Context Modification Indication procedure enables the eNB to request the modifications ofthe UE Context.

In the currentversion ofthe specification, the procedure is only used for CSG membership verification for Dual
Connectivity.

This procedureis initiated by the eNB.

19.2.2.25 Connection Establishment Indication procedure

eNB MME

S1-AP: CONNE CTION
ESTABLISHMENT INDICATION

Figure 19.2.2.25-1: Connection Establishment Indication procedure

The Connection Establishment Indication procedure enables the MMEto provide information to the eNB to complete
the establishmentofthe UE-associated logical S1-connection in case of Control Plane CloT EPS Optimization either

- afterreceiving INITIAL UE MESSAGE message, ifthe MMEhas no NASPDU to sendin DL, or

- afterreceiving an eNB CP RELOCATION INDICATION message.

The UE Radio Capability may be provided fromthe MMEto the eNB in this procedure. Ifthe UE radio capability is not
included, this may triggerthe eNB to request the UE Radio Capability from the UE and to provideit to the MMEin the
UE CAPABILITY INFO INDICATION message.

NAS-levelsecurity information may be provided fromthe MMEto the eNB in this procedure in casethe UE-associated
logical S1-signalling connectionis established fora NB-IOT UE using Control Plane CloT EPS optimizations afterthe
MMEreceives an eNB CP RELOCATION INDICATION message fromthe eNB, as describedin TS 33.401 [22].

This procedureis initiated by the MME.
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19.2.2.26 UE Context Suspend procedure

eNB MME

S1-AP: UE CONTEXT SUSPEND
REQUEST

. S1-AP: UE CONTEXT SUSPEND
~ RESPONSE

\4

Figure 19.2.2.26-1: UE Context Suspend procedure

The UE Context Suspend procedure is initiated by theeNB to requestthe MMEto suspend the UE context and the
related bearer contexts in the EPC after which the eNB sends the UEto RRC _IDLE.

Aftersuccessful completion ofthe UE Context Suspend procedurethe UE-associated signalling connectionis said to be
suspended. The eNBand the MMEkeep all context data necessary to resume the UE-associated signalling connection
so that there is no needto exchange informationthathas been providedto the respectivenode already before the UE-
associated signalling connection has been suspended. Only the following STAP procedures are allowed to take place on
a suspendend UE-associated signalling connection:

- UE Context Resume;
- SIAPUE Context Release (eNBand MME initiated);

19.2.2.27 UE Context Resume procedure

eNB MME

S1-AP: UE CONTEXT RESUME REQUEST

»
»

< S1-AP: UE CONTEXT RESUME RESPONSE

l

¢ - S1-AP: UE CONTEXT RESUME FAILURE _ _ _

Figure 19.2.2.27-1: UE Context Resume procedure

The UE Context Resume procedure is initiated by the eNB to indicate that the UEhas resumed the RRC connectionand
to request the MMEto resume the UE context and related bearer contexts in the EPC. In case the UE context cannotbe
resumed in the EPC this is indicatedby the MMEby sendingthe UECONTEXT RESUME FAILURE message.
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19.2.2.28 Retrieve UE Information procedure

eNB MME

S1-AP: RETRIEVE UE INFORMATION

A 4

Figure 19.2.2.28: Retrieve UE Information procedure

The Retrieve UE Information procedure is initiated by the eNB to request the UE information (i.e. QoS parameters, UE
capability) fromMME for NB-lIoT UE using Control Plane CloT EPS Optimisation, as specified in TS 23.401 [17].

19.2.2.29 UE Information Transfer procedure

eNB MME

S$1-AP: UE INFORMATION TRANSFER

A

Figure 19.2.2.29: UE Information Transfer procedure

The UE Information Trans fer procedure is initiated by the MMEto send the UE information (i.e. QoS parameters, UE
capability) to the eNB for NB-IoT UE using Control Plane CloT EPS Optimisation, as specified in TS 23.401 [17].

19.2.2.30 eNB CP Relocation Indication

The eNB CP Relocation Indication procedure is only applicable for NB-IOT UEs using Control Plane CloT EPS
optimizations. The purpose ofthe eNB CP Relocation Indication procedure is to request the MME to authenticatethe
UE’s re-establishment request as described in TS 33.401 [22], and initiate the establishment ofthe UE-associated
logical S1-connectionafterthe UE has initiated a RRC Re-establishmentprocedurein a new eNB.

When thenew eNBreceives the RRCConnectionReestablishmentRequest message, it triggers the eNB CP Relocation
Indication procedure including NA S-level security information received fromthe UE. If the MME authenticates the
request, it initiates the Connection Establishment Indication procedure including NA S-level security informationto be
sent to the UEin the RRCConnectionReestablishment message. In case the MME cannot authenticate the UE’s request,
the CONNECTION ESTABLISHMENT INDICA TION message does not contain security information, and theeNB
shall fail the RRC Re-establishment.
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UE New eNB MME

RRCConnectionReestablishmentRequest |

S1-AP: CONNECTION ESTABLISHMENT INDICATION

A

RRCConnectionReestablishment

Figure 19.2.2.30-1: eNB CP Relocation Indication procedure (highlighted in blue)

Interactions with the MME CP Relocation and UE Context Release procedures:

In case of successful UE authentication,the MME initiates the UE Context Release procedure to release the UE’s S1-
connectionin the old eNB. The MME may initiate the MME CP Relocation procedure before the release procedure in
orderto triggerthe old eNB to return non-delivered NAS PDUs to the MME.

19.2.2.31 MME CP Relocation Indication

The MMECP Relocation Indication procedure is only applicable for UEs using Control Plane CloT EPS optimizations.
The purposeofthe MME CP Relocation Indication procedure is to informthe previously serving eNB that the UE’s
connectionis to be relocatedto anew eNB.

Upon reception ofthe MME CP RELOCATION INDICATION message, the old eNBshall terminate the delivery of
downlink NAS PDUs towards the UE, and initiate NAS Non Delivery Indication procedure(s) to report the non-delivery
of any NAS PDUs previously received fromthe MME.

Old eNB MME

S1-AP: NAS NON DELIVERY INDICATION

v

Figure 19.2.2.31-1: MME CP Relocation Indication procedure (highlighted in blue).

19.2.2.32 Secondary RAT Report

The Secondary RAT Report procedure is used by theeNB during mobility procedures or for periodic reporting to
provide informationon theused NR resources during EN-DC.

eNB MME

S1-AP: SECONDARY RAT REPORT

Figure 19.2.2.32-1: Secondary RAT Report Procedure.

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 228



Release 15 229 3GPP TS 36.300 V15.0.0 (2017-12)

20 X2 Interface
20.1 User Plane

The X2 userplane interface (X2-U) is defined between eNBs. The X2-U interface provides non guaranteed delivery of
userplane PDUs. The user plane protocol stack on the X2 interface is shown in Figure 20.1-1. The transportnetwork
layeris built on IP transport and GTP-U is used ontop of UDP/IP to carry the user plane PDUs.

The X2-U interface protocol stackis identical to the S1-U protocol stack.

ForDC, if X2-U userdata bearers are associated with E-RA Bs for which the split bearer optionis configured, GTP-U
conveys PDCP PDUs in uplink and downlinkand a RAN Container containing flow control information. The RAN
Containeris carried in the "RAN Container" field ofthe GTP-U extension header.

User plane PDUs

IP

Data link layer

Physical layer

Figure 20.1-1: X2 Interface User Plane (eNB-eNB)

20.1.1 Flow Control Functions

The Flow Control functionis applied whenan E-RABis configured forthe split bearer option and only for DL i.e. the
flow controlinformation is provided only by the SeNB to the MeNB for the MeNB to control the downlink user data
flow to the SeNB. The flow control functionis furtherdescribedin TS 36.425 [61].

20.2  Control Plane

The X2 controlplane interface (X2-CP)is defined between two neighbour eNBs. The control plane protocolstack of
the X2 interface is shown on Figure 20.2-1 below. The transport network layer is built on SCTP on top of IP. The
application layer signalling protocol s referred to as X2-AP (X2 Application Protocol).
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X2-AP

SCTP

1P

Data link layer

Physical layer

Figure 20.2-1: X2 Interface Control Plane

A single SCTP association per X2-C interface instance shall be used with one pair of streamidentifiers for X2-C
common procedures. Only a few pairs of streamidentifiers should be used for X2-C dedicated procedures.

Source-eNB communication context identifiers thatare assigned by the source-eNB for X2-C dedicated procedures, and
target-eNB communication context identifiers thatare assigned by the target-eNB for X2-C dedicated procedures, shall
be used to distinguish UE specific X2-Csignalling transportbearers. The communication context identifiers are
conveyedin the respective X2A P messages.

RNs terminate X2-AP. In this case, there is one X2 interface relationbetweenthe RN and the DeNB.
20.2.1  X2-CP Functions

The X2AP protocol supports the following functions:
- Intra LTE-Access-SystemMobility Support for UEin ECM-CONNECTED:
- Context transfer fromsourceeNBto target eNB;
- Controlofuserplane tunnels between source eNB and target eNB;
- Handovercancellation.
- Support of DC for UE in ECM-CONNECTED:
- Establishment, Modification and Release ofa UE context at the SeNB;

- Controlofuserplane tunnels between MeNB and SeNB for a specific UE for split bearerand data
forwarding;

- Provision ofthe TNLinformation ofthe S1userplane tunnels for SCG bearers.
- Support of EN-DC for UE in ECM-CONNECTED:
- Establishment, Modification and Release ofa UE context at the en-gNB;

- Controlofuserplane tunnels between MeNB and en-gNB for a specific UE for split bearer, SCG split bearer
and data forwarding;

- Provision ofthe TNLinformation ofthe S1 user plane tunnels for SCG bearers and SCGsplit bearers.
- Support ofinter-eNB UE Context Resume:

- Retrieval of UE context fora UE which attempts to resume its RRC connection in an eNB different from
where the RRC connection was suspended.

- Load Management;

- General X2 management and error handling functions:
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- Error indication;
- Setting up the X2;
- Resettingthe X2;
- Updating the X2 configuration data;
- X2 Release;
- X2AP Message Transfer;
- Registration;
- X2 Removal.
- Mobility failure event notification and information exchange in support ofhandover settings negotiation;

- Energy Saving. This functionallows decreasing energy consumption by enabling indicationofcell
activation/deactivation.

20.2.2 X2-CP Procedures
The elementary procedures supported by the X2AP protocol are listed in Table 8.1-1 and Table 8.1-2 of TS 36.423 [42].

20.2.2.1 Handover Preparation procedure

The Handover preparation procedure is initiated by the sourceeNB if it determines the necessity to initiate the handover
viathe X2 interface.

Figure 20.2.2.1-1: Handover Preparation procedure

The sourceeNBsends a HANDOVER REQUEST to the targeteNB including the bearers to be setup by the target
ENB.

The handover preparation phase is finished upon thereception ofthe HANDOVER REQUEST ACKNOW LEDGE
messagein the sourceeNB, which includes at leastradio interface related information (HO Command for the UE),

successfully established E-RAB(s) and failed established E-RAB(s).

In case the handoverresource allocation is not successful (e.g. no resources are available on the target side) thetarget
eNB responds with the HANDOVER PREPARATION FAILURE messageinstead ofthe HANDOVER REQUEST
ACKNOWLEDGE message.

If eNB received NAS message fromMME during X2 handover procedure, it shallbe acted as specified in subclause
19.2.2.6.

20.2.2.2 Handover Cancel procedure

This functionality is located in the source eNB to allow cancellation ofthe handover procedure.

UE Source eNB Target eNB

X2-AP: HANDOVER REQUEST

>
X2-AP: HANDOVER REQUEST ACKNOWLEDGE

RRC: HANDOVER COMMAND €

¢ X2-AP: HANDOVER PREPARATION FAILURE

<

Figure 20.2.2.2-1: Handover Cancel procedure
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The sourceeNBsends a HANDOVER CANCEL message to the target eNB indicating the reason for the handover
cancellation.

20.2.2.2a SeNB Addition Preparation procedure

The SeNB Addition Preparation procedure is initiated by the MeNB to request the SeNB to allocate resources for DC
operation fora specific UE.

MeNB SeNB

X2-AP: SENB ADDITION REQUEST

>
X2-AP: SENB ADDITION REQUEST ACKNOWLEDGE

X2-AP: SENB ADDITION REJECT

Figure 20.2.2.2a-1: SeNB Addition Preparation procedure

The MeNB sends an SENB ADDITION REQUEST message to the SeNB including the bearers for which DCshallbe
configured.

In case resource allocation at the SeNB has been performed successfully, the SeNB responds with an SENB
ADDITION REQUEST ACKNOWLEDGE message, which includes radio interface related information, successfully
established and failed to be established bearers for DC.

In case the SeNB addition is notsuccessful (e.g. no resources are available on the SeNB side) the SeNB responds with
the SENB ADDITION REJECT message instead.

20.2.2.2b SeNB Reconfiguration Completion procedure

The SeNB Reconfiguration Complete procedure is initiated by theMeNB to indicate to the SeNB that the UEhas been
successfully configured with the requested SeNB radio configuration.

MeNB SeNB

X2-AP: SENB RECONFIGURATION COMPLETE

Figure 20.2.2.2b-1: SeNB Reconfiguration Completion procedure

The same procedureis also used by the MeNB to indicate that the MeNB finally decided to not requestthe UEto apply
the radio configuration requested by the SeNB.

The SeNB Reconfiguration Completion procedure is used in the course ofan SeNB Addition and in the course ofan
MeNB nitiated SeNB Modification ifthe MeNB initiated SeNB Modificationrequires signalling towards the UE.

20.2.2.2c MeNB initiated SeNB Modification Preparation procedure

The MeNB initiated SeNB Modification Preparation procedure is initiated by the MeNB to request the SeNB to modify
resources allocated fora specific UE at the SeNB.
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MeNB SeNB

X2-AP: SENB MODIFICATION REQUEST

L
X2-AP: SENB MODIFICATION REQUEST ACKNOWLEDGE
¢

X2-AP: SENB MODIFICATION REQUEST REJECT
¢

Figure 20.2.2.2c-1: MeNB initiated SeNB Modification Preparation procedure

The MeNBinitiated SeNB Modification does notnecessarily result in communication towards the UE.

In case resource modification at the SeNB has been performed successfully, the SeNB responds with an SENB
MODICATION REQUEST ACKNOWLEDGE message.

In case the SeNB modification is notsuccessful (e.g. no resources are available on the SeNBside), the SeNB responds
with the SENB MODIFICATION REQUEST REJECT message instead.

20.2.2.2d SeNB initiated SeNB Modification procedure

The SeNB initiated SeNB Modification Preparation procedure is initiated to request the modification ofthe UE context

at the SeNB.
MeNB SeNB

X2-AP: SENB MODIFICATION REQUIRED

X2-AP: SENB MODIFICATION CONFIRM

X2-AP: SENB MODIFICATION REFUSE
L

Figure 20.2.2.2d-1: SeNB initiated SeNB Modification procedure

The SeNB initiated SeNB Modification does notnecessarily result in communication towards the UE.

If the MeNB decides tonot follow the SeNBs request it replies with an SENB MODIFICATION REFUSE message.

20.2.2.2¢e MeNB initiated SeNB Release procedure

The MeNBiinitiated SeNB Release procedure is triggered by the MeNB to initiate the release ofthe resources fora
specific UE at the SeNB.
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MeNB SeNB

X2-AP: SENB RELEASE REQUEST

Figure 20.2.2.2e-1: MeNB initiated SeNB Release procedure

20.2.2.2f SeNB initiated SeNB Release procedure

The SeNB initiated SeNB Release procedure is triggered by the SeNB to initiate the release ofthe resources fora
specific UE at the SeNB.

MeNB SeNB

X2-AP: SENB RELEASE REQUIRED

X2-AP: SENB RELEASE CONFIRM

Figure 20.2.2.2f-1: SeNB initiated SeNB Release procedure

20.2.2.2g SeNB Counter Check procedure

The SeNB Counter Check procedure is initiated by the SeNB to request the MeNB to executea counter check
procedure to verify thevalue ofthe PDCP COUNTs associated with SCG bearers established in the SeNB.

MeNB SeNB

X2-AP: SENB COUNTER CHECK REQUEST

Figure 20.2.2.2g-1: SeNB Counter Check procedure

20.2.2.3 UE Context Release procedure

Athandover, the UE Context Release procedureis initiated by the target eNB to signal to the source eNB that resources
for the handed over UE context can be released.

ForDC, the UE Context Release procedure is initiated by the MeNB to finally release the resources at the SeNB for the
specific UE once eitherthe SeNB initiated orthe MeNB initiated SeNB Release Procedure has been performed.
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Source Target
eNB eNB

X2-AP: UE CONTEXT RELEASE

A

Figure 20.2.2.3-1: UE Context Release procedure for handover and DC.

Athandover, by sending UECONTEXT RELEASE the target eNB informs the sourceeNB of Handover success and
triggers the release ofresources.

en-gNB MeNB

X2-AP: UE CONTEXT RELEASE

A

Figure 20.2.2.3-2: UE Context Release procedure for EN-DC.

For EN-DC, the UE Context Release procedure is initiated by the MeNB to finally release the UE context at the en-
gNB.

20.2.2.4 SN Status Transfer procedure

The purposeofthe SN Status Transfer procedure is to transfer the uplink PDCP SN and HFN receiver status and the
downlink PDCP SN and HFN transmitter status fromthe source to the targeteNB during an X2 handover, or between
eNB and en-gNB involved in EN-DC, for each respective E-RA B for which PDCP SN and HFN status preservation
applies.

Source Target
eNB eNB

X2-AP: SN STATUS TRANSFER .

Figure 20.2.2.4-1: SN Status Transfer procedure for handover.
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MeNB / en-gNB
en-gNB / MeNB

X2-AP: SN STATUS TRANSFER

v

Figure 20.2.2.4-2: SN Status Transfer procedure for EN-DC.

20.2.2.5 Error Indication procedure

The Error Indication procedure is initiated by an eNB or an en-gNB to signalto a peer EEFUTRANnode an error
situationin a received message, providedit cannot be reported by an appropriate failure message.

eNB / eNB /
en-gNB en-gNB

X2-AP: ERROR INDICATION

A

Figure 20.2.2.5-1: Error Indication procedure

20.2.2.6 Load Indication procedure

Inter-cellinterference coordination in EEUTRAN is performed through the X2 interface. In case of variation in the
interference conditions, the eNB signals the new condition to its neighbour eNBs e.g. the neighbour eNBs for which an

X2 interface is configured due to mobility reasons.

When thetime-domain inter-cell interference coordination is used to mitigate interference, theeNB signals its almost
blank subframe (ABS) patterns to its neighbour eNBs, so that the receiving eNB can utilize the ABS ofthe sending eNB
with less interference.

NOTE: A typicaluse case ofthe time-domain solution of inter-cell interference coordination is the one where an
eNB providing broader coverage and therefore being more capacity constrained determines its ABS
patterns and indicates themto eNBs, providing smaller coverageresiding in its area.

When inter-eNB CoMP is used, the eNB signals the COMP hypotheses and associated benefit metrics to its neighbour
eNB(s), so that the receiving eNB may take theminto account for RRM.

The Load Indication procedure is used to transfer interference co-ordination information between neighbouring eNBs
managing intra-frequency cells, and adjacent frequency TDD cells.
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Release 15

eNB

eNB

v

X2-AP: LOAD INFORMATION

Figure 20.2.2.6-1: Load Indication procedure

20.2.2.7 X2 Setup procedure

The purposeofthe X2 Setup procedure is to exchange application level data needed for two eNBs to interoperate

correctly overthe X2 interface.

eNB

eNB

X2-AP: X2 SETUP REQUEST

X2-AP: X2 SETUP RESPONSE

A

X2-AP: X2 SETUP FAIL.URE

A

Figure 20.2.2.7-1: X2 Setup procedure

20.2.2.8 eNB Configuration Update procedure
The purposeofthe eNB Configuration Update procedure is to update application level configuration data needed for

two eNBs to interoperate correctly over the X2 interface.

eNB

eNB

X2-AP: ENB CONFIGURATION UPDATE REQUEST

X2-AP: ENB CONFIGURATION UPDATE RESPONSE

<

X2-AP: ENB CONFIGURATION UPDATE FAILURE

Figure 20.2.2.8-1: eNB Configuration Update procedure
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20.2.2.9 Reset procedure

The Reset procedure is initiated by an eNB oran en-gNB to align the resources with a peer EEUTRANnode in the event
of an abnormal failure. The procedure resets the whole X2 interface.

eNB/ eNB /
en-gNB en-gNB

X2-AP: RESET

v

X2-AP: RESET RESPONSE

A

Figure 20.2.2.9-1: Reset procedure

20.2.2.10 Resource Status Reporting Initiation procedure

The Resource Status Reporting Initiation procedure is used by an eNB to request measurements fromanother eNB.

eNB eNB

X2-AP: RESOURCE STATUS REQUEST

\ 4

X2-AP: RESOURCE STATUS RESPONSE

A

X2-AP: RESOURCE STATUS FAILURE

A

Figure 20.2.2.10-1: Resource Status Reporting Initiation procedure

20.2.2.11 Resource Status Reporting procedure

The Resource Status Reporting procedure reports measurement results requested by another eNB.

eNB eNB

X2-AP: RESOURCE STATUS UPDATE

A

Figure 20.2.2.11-1: Resource Status Reporting procedure
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20.2.212 Radio Link Failure Indication procedure

The purposeofthe Radio Link Failure Indication procedureis to enable mobility robustness and radio link failure
recovery improvement in EEUTRAN by passing information about a failure eventoverthe X2 interface.

When are-establishmentrequest is received ora connection failure reported after RRC connection setup oran incoming
successfulhandover, the eNBuses the cell identifiers provided by the UEto identify the potentially previous serving
cell/eNB. The eNB that received the information about the failure sends a RLF INDICATION messageto the concerned
eNB(s). The previously serving eNB may then match the correct context, oruse theinformation available in the RLF
Report, if included in the RLF INDICATION message, to analyze the possible rootcauseofthe failure. Ifthe previous
serving eNBmatches thecorrectcontext, it may also trigger the Handover Preparation proceduretowards the eNB that
initiated the Radio Link Failure Indication procedure.

NOTE: When decidingwhetherto triggerthe Handover preparation procedure the previously servingeNB may
take into account a number of factors, e.g. the CSFB indicator in the UE Context.

eNB eNB

X2-AP: RLF INDICATION

v

Figure 20.2.2.12-1: Radio Link Failure Indication procedure

20.2.2.13 Handover Report procedure

The purposeofthe Handover Report procedure is to enable mobility robustness improvement in EEFUTRAN.

The Handover Report procedure is used to pass information connected to theanalysis ofan RLF which occurred shortly
aftera successful handover.

The eNB where the RLF occurred (original targeteNB) sends a HANDOVER REPORT message to the original source
eNB, identifying the sourcecell, the target cell, and the cell where re-establishment took place.

The Handover Report procedure is also used to pass information connected to potential inter-RA T ping-pong cases. The
eNB that detected the potential ping-pong cases sends a HANDOVER REPORT messageto the sourceeNB ofthe first
inter-RAT handover, identifying thesource and the targetcells ofthe first inter-RA T handover, and the target cell of the

second inter-RAT handover.

eNB eNB

X2-AP: HANDOVER REPORT

\4

Figure 20.2.2.13-1: Handover Report procedure

20.2.2.14 Mobility Settings Change procedure

The purposeofthe MOBILITY SETTINGS CHANGE procedure is to enable an eNBto send a MOBILITY CHANGE
REQUEST message to a peer eNB to negotiate thehandover trigger settings.
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eNB eNB

X2-AP: MOBILITY CHANGE REQUEST

. X2-AP: MOBILITY CHANGE ACKNOWLEDGE

< X2-AP:MOBILITY CHANGE FAILURE

Figure 20.2.2.14-1: Mobility Settings Change procedure

20.2.2.15 Cell Activation procedure

The purposeofthe Cell Activation procedure is to enable an eNBto senda CELL ACTIVATION REQUEST message
to a peereNBto requestthe re-activation of one or more cells, controlled by the peer eNB and which had been
previously indicated as dormant.

eNB eNB

X2-AP: CELL ACTIVATION REQUEST

X2-AP: CELL ACTIVATION RESPONSE

A

< X2-AP: CELL ACTIVATION FAIL.URE

Figure 20.2.2.15-1: Cell Activation procedure

20.2.2.16 X2 Release procedure

The purposeofthe X2 Release procedure is to enable an X2 GW to inform the relevant (H)eNBs that thesignalling (i.e.
SCTP) connectionto a peer (H)eNBis unavailable.

X2 GW eNB

X2-AP: X2 RELEASE

\ 4

Figure 20.2.2.16-1: X2 Release procedure
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20.2.2.17 X2AP Message Transfer procedure

The purposeofthe X2AP Message Transfer procedure is to allow indirect transport of an X2AP message (except the
X2APMESSAGE TRANSFER message) between two (H)eNBs throughan X2 GW, and to allow an (H)eNB to

register with an X2 GW.

eNB X2 GW eNB

X2-AP: X2AP MESSAGE TRANSFER
X2-AP: X2AP MESSAGE TRANSFER

Figure 20.2.2.17-1: X2AP Message Transfer procedure

20.2.2.18 X2 Removal procedure

The purposeofthe X2 Removal procedure is to performthe removal of X2 connectivity between two eNBs in a
controlled manner. Ifthe procedureis successful, the receiving eNB res ponds with the X2 REMOVAL RESPONSE
message, after which both eNBs remove the X2 signalling connection between themand may release all associated
resources. In case the receiving eNB cannotremove the X2 signalling connection (e.g. because ofan ongoing procedure
and/ordueto local configuration), it responds with the X2 REMOVAL FAILURE message. The initiatingeNB may
include an X2 removal threshold forremoval ofa signalling connection.

eNB eNB

X2-AP: X2 REMOVAL REQUEST >

X2-AP: X2 REMOVAL RESPONSE

A

< X2-AP: X2 REMOVAL FAILURE

Figure 20.2.2.18-1: X2 Removal procedure

20.2.2.19 Retrieve UE Context

The purposeofthe Retrieve UE Context procedure is to retrieve the UE context fora UE which attempts to resume its
RRC connectionin an eNB (the new eNB) different fromthe eNB (the old eNB) where the RRC connection was

suspended.

Ifthenew eNB is able to identify the old eNBbased on the Resume ID received fromthe UE, it triggers the Retrieve
UE Context procedure towards the old eNB.

Ifthe old eNB is able to match the UE context with the Resume ID included in the RETRIEVE UE CONTEXT
REQUEST message it responds with the RETRIEVE UE CONTEXT RESPONSE message containing UE context
information.

Upon resumption ofthe UE Context in the new eNB, the new eNB resumes the RRC connectionand performs the S1-
AP Path Switch procedure to establish a S1 UE associated signalling connectionto the servingMME and torequest the
MME o resume the UE context and related bearer contexts in the EPCand updatethe downlink path. Afterthe SI-AP
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Path Switch procedure the new eNB triggers release ofthe UE Context at the old eNBby means ofthe X2-AP UE
Context Release procedure.

UE New eNB Old eNB MME

RRCConnectionResumeRequest

X2-AP: RETRIEVE UE CONTEXT

REQUEST |

' | X2-AP:RETRIEVE UE CONTEXT | |

| RESPONSE |
o RRCConnectionResume $1-AP: PATH SWITCH REQUEST

A

S1-AP: PATH SWITCH REQUEST RESPONSE

X2-AP: UE CONTEXT RELEASE >

Figure 20.2.2.19-1: Retrieve UE Context procedure (highlighted in blue). Successful case

In case the old eNB cannot find UE Context Information corresponding to the Resume ID received fromthe UE, it
responds with the RETRIEVE UE CONTEXT FAILURE messageand the new eNB fails the RRC connectionresume
procedure as specified in TS 36.331 [16].

UE New eNB Old eNB

RRCConnectionResumeRequest _ |
Ll

X2-AP: RETRIEVE UE CONTEXT
REQUEST

Y

i

|

|

i X2-AP: RETRIEVE UE CONTEXT
} FAILURE
|

RRCConnectionSetup

Figure 20.2.2.19-2: Retrieve UE Context procedure (highlighted in blue). Unsuccessful case

20.2.2.20 SgNB Addition Preparation procedure

The SgNB Addition Preparation procedure is initiated by the MeNB to requestthe en-gNB to allocateresources for EN-
DC operation fora specific UE.

MeNB en-gNB

X2-AP: SGNB ADDITION REQUEST

X2-AP: SGNB ADDITION REQUEST ACKNOWLEDGE

X2-AP: SGNB ADDITION REJECT

A

Figure 20.2.2.20-1: SgNB Addition Preparation procedure

The MeNBsends an SGNB ADDITION REQUEST message to theen-gNB including the bearers for which EN-DC
shallbe configured.
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In caseresource allocation at the en-gNB has been performed successfully, the en-gNB responds with an SGNB
ADDITION REQUEST ACKNOW LEDGE message, which includes radio interface related information, successfully
established and failed to be established bearers for EN-DC.

In case the SgNB Addition is notsuccessful (e.g. no resources are available onthe en-gNBside) the en-gNB res ponds
with the SGNB ADDITION REJECT messageinstead.

20.2.2.21 SgNB Reconfiguration Completion procedure

The SgNB Reconfiguration Complete procedureis initiated by the MeNB to indicate to the en-gNB thatthe UEhas
been successfully configured with the requested en-gNB radio configuration.

MeNB en-gNB

X2-AP: SGNB RECONFIGURATION COMPLETE

Figure 20.2.2.21-1: SgNB Reconfiguration Completion procedure

The same procedureis also used by theMeNB to indicate that the MeNB finally decided to not requestthe UEto apply
the radio configuration requested by the en-gNB.

The SgNB Reconfiguration Completion procedure is used in the courseofan SgNB Additionand in the courseofan
MeNB initiated SgNB Modificationifthe MeNB initiated SgNB Modification requires signalling towards the UE.

20.2.2.22 MeNB initiated SgNB Modification Preparation procedure

The MeNB initiated SgNB Modification Preparation procedure is initiated by the MeNB to request the en-gNB to
modify resources allocated fora specific UE at the en-gNB.

MeNB en-gNB

X2-AP: SGNB MODIFICATION REQUEST

|

X2-AP: SGNB MODIFICATION REQUEST ACKNOWLEDGE

-

X2-AP: SGNB MODIFICATION REQUEST REJECT
(|

Figure 20.2.2.22-1: MeNB initiated SgNB Modification Preparation procedure

The MeNB initiated SgNB Modification does not necessarily result in communication towards the UE.

In case resource modification at the en-gNB has been performed successfully, the en-gNB responds with an SGNB
MODICATION REQUEST ACKNOW LEDGE message.

In case the SgNB modificationis not successful (e.g. no resources are available on theen-gNBsside), the en-gNB
responds with the SGNB MODIFICATION REQUEST REJECT message instead.

20.2.2.23 SgNB initiated SgNB Modification Preparation procedure

The SgNBinitiated SgNB Modification Preparation procedure is initiated to request themodification ofthe UE context
atthe SgNB.
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MeNB en-gNB

X2-AP: SGNB MODIFICATION REQUIRED

Bl

X2-AP: SGNB MODIFICATION CONFIRM

4

X2-AP: SGNB MODIFICATION REFUSE

Figure 20.2.2.23-1: SgNB initiated SgNB Modification procedure

The SgNBinitiated SgNB Modificationdoes not necessarily result in communication towards the UE.
Ifthe MeNB decides tonot follow the en-gNBs requestit replies with an SGNB MODIFICATION REFUSE message.
20.2.2.24 MeNB initiated SgNB Release procedure

The MeNB initiated SgNB Release procedure is triggered by the MeNB to initiate the release of the resources fora
specific UE at the en-gNB.

MeNB en-gNB

X2-AP: SGNB RELEASE REQUEST

>
X2-AP: SGNB RELEASE REQUEST ACKNOWLEDGE

X2-AP: SGNB RELEASE REJECT

g

Figure 20.2.2.24-1: MeNB initiated SeNB Release procedure

20.2.2.25 SgNB initiated SgNB Release procedure

The SgNB initiated SgNB Release procedure is triggered by the en-gNB to initiate the release ofthe resources fora
specific UE at the en-gNB.

MeNB en-gNB

X2-AP: SGNB RELEASE REQUIRED

X2-AP: SGNB RELEASE CONFIRM

A4

Figure 20.2.2.25-1: SgNB initiated SgNB Release procedure

20.2.2.26 SgNB initiated SgNB Change procedure

The SgNB initiated SgNB Change procedureis triggered by the en-gNB to initiate the transfer of the resources fora
specific UE at the en-gNB to another en-gNB.
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MeNB en-gNB

X2-AP: SGNB CHANGE REQUIRED

X2-AP: SGNB CHANGE CONFIRM

X2-AP: SGNB CHANGE FAUILURE

v

Figure 20.2.2.26-1: SgNB initiated SgNB Change procedure

In case the transfer ofthe UE context to the targeten-gNB has been performed successfully, the MeNB responds with
an SGNB CHANGE CONFIRM message.

Ifthe MeNB s not able to trans ferthe UE context to the target en-gNB, it replies with an SGNB CHANGE FAILURE
message.
20.2.2.27 SgNB Counter Check procedure

The SgNB Counter Check procedure is initiated by theen-gNB to requestthe MeNB to execute a counter check
procedure to verify thevalue of the PDCP COUNTS associated with SCG bearers or SCG split bearers.

MeNB en-gNB

X2-AP: SGNB COUNTER CHECK REQUEST

Figure 20.2.2.27-1: SgNB Counter Check procedure

20.2.2.28 EN-DC X2 Setup procedure

The purposeofthe EN-DC X2 Setup procedure is to exchangeapplicationleveldataneeded foran eNBand an en-gNB
to interoperate correctly overthe X2 interface in EN-DC case. The procedure is triggered by theeNB orby the en-gNB.

eNB en-gNB

X2-AP: EN-DC X2 SETUP REQUEST _

X2-AP: EN-DC X2 SETUP RESPONSE

A

X2-AP: EN-DC X2 SETUP FAIL.URE

A

Figure 20.2.2.28-1: EN-DC X2 Setup
procedure triggered by the eNB.
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en-gNB eNB

X2-AP: EN-DC X2 SETUP REQUEST

X2-AP: EN-DC X2 SETUP RESPONSE

A

< X2-AP: EN-DC X2 SETUP FAILURE

Figure 20.2.2.28-2: EN-DC X2 Setup procedure triggered by the en-gNB.

20.2.2.29 EN-DC Configuration Update procedure

The purposeofthe EN-DC Configuration Update procedure is to update application level configuration dataneeded for
an eNB and an en-gNB to interoperate correctly over the X2 interface in EN-DC case. The procedure is triggered by the
eNB or by the en-gNB.

eNB en-gNB

X2-AP: EN-DC CONFIGURATION UPDATE REQUEST

X2-AP: EN-DC CONFIGURATION UPDATE RESPONSE

)l

X2-AP: EN-DC CONFIGURATION UPDATE FAILURE

Figure 20.2.2.29-1: EN-DC Configuration Update procedure triggered by the eNB.

en-gNB eNB

X2-AP: EN-DC CONFIGURATION UPDATE REQUEST

X2-AP: EN-DC CONFIGURATION UPDATE RESPONSE

X2-AP: EN-DC CONFIGURATION UPDATE FAILURE

Figure 20.2.2.29-2: EN-DC Configuration Update procedure triggered by the en-gNB.
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20.2.3 Void

21 Void
21.1  Void
21.2  Void
21.3 Void

22 Support for self-configuration and self-optimisation
22.1 Definitions

This conceptincludes several different functions fromeNB activationto radio parameter tuning. Figure 22.1-1is a basic
framework for all self-configuration/self-optimization functions.

Self-configuration process is defined as the process where newly deployednodes are configured by automatic
installation procedures to get thenecessary basic configuration for systemoperation.

This process works in pre-operational state. Pre-operational stateis understood as thestate fromwhen the eNBis
powered up and has backbone connectivity until the RF transmitter is switched on.

As describedin Figure 21.1, functions handled in the pre-operational state like:
- Basic Setup; and
- Initial Radio Configuration.

are covered by the Self Configuration process.

Self-optimization process is defined as theprocess where UE & eNB measurements and performance measurements
are used to auto-tune the network.

This process works in operational state. Operational state is understood as thestate where the RF interface is
additionally switched on.

As describedin Figure 21.1, functions handled in the operational state like:
- Optimization / Adaptation

are covered by the Self Optimization process.
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(A) Basic Setup

a-1:

configuration of IP address
and detection of OAM

Self-Configuration
(pre-operational state)

: authentication of eNB/NW

-3 : association to aGW

: downloading of eNB software

(and operational parameters)

(B) Initial Radio
Configuration

Self-Optimisation _ JL ______

(operational state)

-1: neighbour list configuration

: coverage/capacity related

parameter configuration

(C) Optimization /
Adaptation

: neighbour list optimisation ‘

1 coverage and capacity control

Figure 22.1-1: Ramifications of Self-Configuration /Self-Optimization functionality

22.2 UE Support for self-configuration and self-optimisation

UE shall support measurements and procedures which canbe used for self-configuration and self-optimisation ofthe E-

UTRAN ssystem.

- UE shallsupport measurements and measurement reporting to support self-optimisation ofthe EUTRAN
system. Measurements and reports used for the normal systemoperation, should be used as input for the self-
optimisation process as faras possible.

- Thenetworkis able to configure themeasurements and the reporting for self-optimisation support by RRC
signalling messages.

22.3 Self-configuration

22.31
22.3.11

Prerequisites

The following prerequisites are assumed:

Dynamic configuration of the S1-MME interface

- Aninitial remote IP end point to be used for SCTP initialisation is provided to the eNB foreach MME. The eNB
may be in pre-operational or operational state whenthis occurs.

Howthe eNB gets the remoteIP end point(s) and its own IP address are outside thescope ofthis specification.
22.3.1.2 SCTP initialization

Foreach MMEthe eNodeBtries toinitialize a SCTP association as described in IETF RFC 4960 [8], using a known
initial remote IP Endpoint as thestarting point, until SCTP connectivity is established.

22.3.1.3 Application layer initialization

Once SCTP connectivity has been established, the eNodeBand MME shall exchangeapplication level configuration
data overthe SI-MMEapplication protocol with the S1 Setup Procedure, which is needed for thesetwo nodes to
interwork correctly on the S1 interface.
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- The eNodeBprovides therelevant configuration informationto the MME, which includes list of supported
TA(s),etc.

- The MMEprovides the relevant configuration information to the eNodeB, which includes PLMN ID, etc.

- When theapplication layer initialization is successfully concluded, the dynamic configuration procedure is
completed andthe SI-MME interface is operational.

22.3.2 Dynamic Configuration of the X2 interface
22.3.2.1 Prerequisites

The following prerequisites are assumed:

- Aninitial remote IP end point to be used for SCTP initialisation is provided to the eNB/en-gNB.
22322 SCTP initialization

Forcandidate eNB/en-gNB the eNB/en-gNB tries to initialize a SCTP association as described in IETF RFC 4960 [8],
using aknown initial remote IP Endpoint as thestarting point, until SCTP connectivity is established.

22.3.2.3 Application layer initialization

Once SCTP connectivity has been established, the eNB and its candidatepeereNB are in a positionto exchange
application level configuration dataoverthe X2 application protocol needed for the two nodes to interwork correctly on
the X2 interface.

- The eNB provides the relevant configuration information to the candidate eNB, which includes served cell
information, etc.

- The candidate eNB provides therelevant configuration information to theinitiating eNB, which includes served
cell information, etc.

- When theapplication layer initialization is successfully concluded, the dynamic configuration procedure is
completed and the X2 interface is operational.

- eNBs shallkeep neighbouring eNBs updated with thecompletelist of served cells while the X2 interface is
operational.

22.3.2a Automatic Neighbour Relation Function

The purposeofthe Automatic Neighbour Relation (ANR) function is to relieve the operator fromthe burden of
manually managing Neighbour Relations (NRs). Figure 22.3.2a-1 shows ANR and its environment:
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Figure 22.3.2a-1: Interaction between eNB and O&M due to ANR

The ANR function resides in the eNB and manages the conceptual Neighbour Relation Table (NRT). Located within
ANR, the Neighbour Detection Function finds new neighbours and adds themto the NRT. ANR also contains the
Neighbour Removal Function which removes outdated NRs. The Neighbour Detection Function and the Neighbour

Removal Function are implementation specific.
A Neighbour Cell Relation (NCR) in the context of ANRis defined as follows:

An existing Neighbour Relation froma source cellto a target cellmeans thateNB controlling the source cell:

a) Knows the ECGI/CGI and PCI of the targetcell.
b) Has an entry in the Neighbour Relation Table forthe source cellidentifyingthe targetcell.

c) Has theattributes in this Neighbour Relation Table entry defined, eitherby O&M orset todefault values.

Foreach cell that the eNBhas, theeNBkeeps a NRT, see Figure 22.3.2a-1. For each NCR, the NRT contains the Target
Cell Identifier (TCI), which identifies the target cell. For EEUTRAN, the TCI corresponds to the EFUTAN Cell Global
Identifier (ECGI) and Physical Cell Identifier (PCI) of the target cell. Furthermore, each NCR has three attributes, the

NoRemove, the NoHO and the NoX2 attribute. These attributes have the following definitions:

- No Remove: If checked, the eNBshallnot remove the Neighbour Cell Relation from the NRT.
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- No HO: If checked, the Neighbour Cell Relation shallnot be used by theeNB forhandoverreasons.

- No X2: If checked, the Neighbour Relation shallnot use an X2 interface in order to initiate procedures towards

the eNB parenting the target cell.

Neighbour Cell Relations are cell-to-cell relations, while an X2 link is set up between two eNBs. Neighbour Cell
Relations are unidirectional, while an X2 link is bidirectional.

NOTE: The neighbourinformation exchange, which occurs duringthe X2 Setup procedure orin the eNB
Configuration Update procedure, may be used for ANR purpose.

The ANR function alsoallows O&M to manage the NRT. O&M can add and delete NCRs. It can also change the
attributes ofthe NRT. The O&M systemis informed about changes in the NRT.

22.3.3 Intra-LTE/frequency Automatic Neighbour Relation Function

The ANR (Automatic Neighbour Relation) functionrelies on cells broadcasting their identity on global level, E-
UTRAN Cell Global Identifier (ECGI).

Cell A CellB
Phy-CID=3 Phy-CID=5
Global-CID =17 Global-CID =19

1) report(Phy-CID=5,
strong signal)

3) Report

Global-CID=19 2b) Read BCCH()

2) Report Global-CID
Request (Target Phy-

CID=5)

Figure 22.3.3-1: Automatic Neighbour Relation Function

The function works as follows:

The eNB serving cell A has an ANR function. As a part ofthe normal call procedure, theeNB instructs each UE to
performmeasurements on neighbour cells. The eNB may use different policies forinstructingthe UEto do
measurements, and when to report themto the eNB. This measurement procedure is as specified in TS 36.331 [16].

1. The UE sends a measurement report regarding cell B. This report contains Cell B’s PCI, but not its ECGI.
When theeNBreceives a UE measurement report containing the PCI, the following sequence may be used.

2. The eNB instructs the UE, using the newly discovered PCl as parameter, to read the ECGI, the TACand all

available PLMNID(s) ofthe related neighbour cell. To do so, the eNBmay need to schedule appropriateidle
periods to allow the UEto read the ECGI from the broadcast channel ofthe detected neighbour cell. How the UE
reads the ECGI is specified in TS 36.331 [16].

When the UEhas found outthe new cell’s ECGI, the UE reports the detected ECGI to the servingcelleNB. In
addition the UEreports the tracking area codeand all PLMN IDs that have beendetected. Ifthe detected cellis a

CSG or hybrid cell, the UE also reports the CSGID to the serving celleNB.
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4. The eNB decides to add this neighbour relation, and canuse PCl and ECGI to:
a Lookup atransport layeraddress to thenew eNB.
b Update the Neighbour Relation List.

¢ Ifneeded,setup anew X2 interface towards this eNB. The setup ofthe X2 interface is described in section
2232

NOTE: The eNB may differentiate the open access HeNB from the othertypes of (H)eNB by the PCI
configuration or ECGI configuration.

22.3.4 Inter-RAT/Inter-frequency Automatic Neighbour Relation Function

Cell A CellB

Type = LTE Type = UTRAN
Phy-CID= 3 Phy-CID=PSC=5
Global-CID =17 Global-CID =19

2) Report Neighbour
Response (Phy-CID,

Signal level 1) Report Neighbour Request
(RAT, Frequency)
/ b) Read BCCH (...)

4) Report 3) Report Global-CID
Global-CID=19 Request (Target Phy-CID=5)

Figure 22.3.4-1: Automatic Neighbour Relation Functionin case of UTRAN detected cell

ForInter-RAT and Inter-Frequency ANR, each cell contains an Inter Frequency Search list. This list contains all
frequencies that shall be searched.

ForInter-RAT cells, the NoX2 attributein the NRT is absent, as X2 is only defined for EFUTRAN.

The function works as follows:

The eNB serving cell A has an ANR function. During connected mode, the eNB can instruct a UEto perform
measurements and detect cells on other RA Ts/frequencies. The eNB may use different policies forinstructingthe UEto
do measurements, and when to report themto the eNB.

1 The eNB instructs a UE to look forneighbourcells in the target RA Ts/frequencies. To do sothe eNBmay need
to schedule appropriate idle periods to allow the UEto scan all cells in the target RA Ts/frequencies.

2 The UEreports the PClofthe detected cells in the target RA Ts/frequencies. The PClis defined by the carrier
frequency andthe Primary Scrambling Code (PSC) in case of UTRAN FDD cell, by the carrier frequency and
the cell parameter ID in case of UTRAN TDD cell, by the Band Indicator+BSIC + BCCH ARFCN in case of
GERAN cell and by the PN Offset in case of CDM A 2000 cell.
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When theeNBreceives UEreports containing PCIs ofcell(s) the following sequencemay be used.

3 TheeNB instructs the UE, using the newly discovered PCl as parameter, to read the CGI and the RACofthe
detected neighbour cellin case of GERAN detected cells, CGI, LAC, RAC and all broadcasted PLMN-ID(s ) in
case of UTRANdetected cells and CGI in case of CDM A2000 detected cells. For the Interfrequency case, the
eNB instructs the UE, using thenewly discovered PCl as parameter, to read the ECGI, TACand all available
PLMN ID(s) of the inter-frequency detected cell. The UE ignores transmissions fromthe serving cell while
finding the requested information transmitted in the broadcastchannel ofthe detected inter-system/inter-
frequencyneighbourcell. To do so, the eNBmay need to schedule appropriate idle periods toallow the UEto
read the requested information fromthe broadcast channel ofthe detected inter-RA T/inter-frequency neighbour
cell.

4 Afterthe UE has read therequested information in the new cell, it reports thedetected CGl and RAC (in case of
GERAN detected cells) or CGl, LAC, RAC and allbroadcasted PLMN-ID(s) (in case of UTRAN detected cells)
or CAI (in case of CDM A 2000 detected cells) to theservingcelleNB. In the inter-frequency case, the UE
reports the ECQI, the, tracking area code and all PLMN-ID(s ) that have been detected. Ifthe detected cellis a
CSG or hybrid cell, the UE also reports the CSGID to the serving celleNB.

5 TheeNB updates its inter-RAT/inter-frequency Neighbour Relation Table.

In the inter-frequency case and ifneeded, the eNB can use the PCland ECGI for a new X2 interface setup towards this
eNB. The setup ofthe X2 interface is described in section 22.3.2.

NOTE: The eNB may differentiate the open access HeNB from the othertypes of (H)eNB by the PCI
configurationor ECGI configuration.

22.3.4a Automatic Neighbour Relation Function towards NR

The ANR function described in section22.3.2 and 22.3.4 applies towards NR with enhancements as follows:

An existing NCR from a source E-UTRA cellto a target NR cell means that eNB controlling the source cellknows the
NCG and PCIof the target cell.

An X2 link may be set up betweeneNB and en-gNB. The NoRemove, the NoHO and the NoX2 attributes apply when
the en-gNB parents the targetcell.

Each E-UTRA cell contains an Inter Frequency Search list. This list contains all frequencies that shall be searched.
The PCl is defined by thecarrier frequency and NR-PCI.

NOTE: In the presentversionofthe specification, the eNBmay use the PClreported by the UEto lookup NCQI,
TACand supported PLMN-ID(s) in O&M provisioned information or in information received on the X2
interface.

22.3.5 Framework for PCI Selection

The eNB shallbase the selection ofits PCl either on a centralized or distributed PCl assignment algorithm:
[Centralized PCI assignment] The OAM signals a specific PCl value. The eNBshall select this value as its PCI.

[Distributed PCl assignment] The OAM signals a list of PCI values. The eNB may restrict this list by removing PCI-s
that are:

a) reported by UEs;
b) reported overthe X2 interface by neighbouring eNBs; and/or
¢) acquired through other implementation dependent methods, e.g. heard overtheairusing a downlink receiver.

The eNB shallselect a PCI value randomly fromthe remaining list of PCls.
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22.3.6 TNL addressdiscovery

22.3.6.1 TNL address discovery of candidate eNB via S1 interface

If the eNB is aware of the eNBID ofthe candidate eNB (e.g. via the ANR function) butnota TNL address suitable for
SCTP connectivity, then the eNB can utilize the Configuration Transfer Function to determine the TNLaddress as
follows:

- The eNB sendsthe eNB CONFIGURATION TRANSFER messageto the MMEto request the TNLaddress of
the candidateeNB, and includes relevant information such as the source and target eNB ID.

- The MMEr elays the requestby sending the MME CONFIGURA TION TRANSFER message tothe candidate
eNB identified by the target eNBID.

- Thecandidate eNBresponds by sending the eNB CONFIGURA TION TRANSFER message containing one or
more TNL addresses to be used for SCTP connectivity with theinitiating eNB, and includes other relevant
information suchas the source and target eNB ID.

- The MMEr elays the response by sendingthe MME CONFIGURATION TRANSFER messageto theinitiating
eNB identified by the target eNBID.

22.3.7 Dynamic configuration of the Xw-C interface

22.3.7.1 Prerequisites
The following prerequisites are assumed:
- Aninitial remote IP end point to be used for SCTP initialisation is provided to the eNB.

Howthe eNB gets the remote IP end point(s) and its own IP address are outside the scope ofthis specification.

22.3.7.2 SCTP initialization

Foreach WT the eNBtries to initialize a SCTP associationas described in IETF RFC 4960 [8], using a known initial
remote IP endpoint as the starting point, until SCTP connectivity is established.

22.3.7.3 Application layer initialization

Once SCTP connectivity has been established, the eNB and candidate W T shall exchange application level
configurationdataoverthe Xw-Capplication protocol with the Xw Setup Procedure, which is needed for these two
nodes to interwork correctly on the Xw interface.

- TheeNB provides the relevant configuration information to the W T, which includes the GlobaleNB ID.

- The WT provides the relevant configuration information to the eNB, which includes WLAN information, etc.

- When theapplication layer initialization is successfully concluded, the dynamic configuration procedure is
completed and the Xw-Cinterface is operational.

22.4 Self-optimisation

22.4.1  Supportfor Mobility Load Balancing
22411 General

The objectiveofload balancingis to distribute cellload evenly amongcells orto transfer part ofthe traffic from
congestedcells. This is doneby the means of self-optimisation of mobility parameters or handover actions.

Self-optimisation ofthe intra-LTE and inter-RA Tmobility parameters to the current load in the celland in the adjacent
cells can improve the systemcapacity compared to static/non-optimised cell reselection/handover parameters. Such
optimisation canalsominimize human intervention in the network management and optimization tasks.

Support formobility load balancing consists of one or more of following functions:
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- Loadreporting;
- Load balancing actionbased onhandovers;
- Adapting handover and/or reselection configuration.

Triggering of each ofthese functions is optional and depends on implementation. Functional architecture is presented in
Figure 22.4.1.1-1.

Load balancing algorithm

N

Load reporting HO (cause load Adapting HO
function balancing) parameters

Support for mobility load balancing

RAN

Figure 22.4.1.1-1: Functional architecture of SON load balancing

2241.2 Load reporting

The load reporting functionis executed by exchanging cell specific load information between neighbour eNBs overthe
X2 interface (intra-LTE scenario) or S1 (inter-RA T scenario).

22.41.21 Load reporting for intra-LTE scenario

The load information consists of:
- radio resourceusage (UL/DLGBR PRB usage, UL/DLnon-GBR PRB usage, UL/DLtotal PRB usage);
- HW load indicator (UL/DLHW load: low, mid, high, overload);
- TNLload indicator (UL/DL TNL load: low, mid, high, overload);
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- (Optionally) Cell Capacity Class value (UL/DLrelative capacity indicator: the same scale shall apply to E-
UTRAN, UTRAN and GERAN cells when mapping cell capacities on this value);
- Capacity value (UL/DLavailable capacity forload balancingas percentage oftotal cell capacity).
NOTE 1: Capacity value is expressed in available EEUTRAN resources.
NOTE2: A cellis expected to accepttraffic corresponding to the indicated available capacity.
224.1.2.2 Load reporting for inter-RAT scenario
The load information consists of:

- Cell Capacity Class value (UL/DLrelative capacity indicator: the same scale shallapply to EEUTRAN, UTRAN,
GERAN and eHRPD cells when mapping cell capacities on this value);

- Capacity value (UL/DLavailable capacity for load balancingas percentage oftotal cell capacity).

NOTE 1: Capacity value is expressed in available EEFUTRAN resources.

NOTE2: A cellis expected to accepttraffic correspondingto the indicated available capacity.
Event-triggered inter-RAT load reports are sent when the reporting node detects crossing of cell load thresholds.

Load information shallbe providedin a procedure separated fromexisting active mode mobility procedures, which
shallbe used infrequently and with lower priority with respect to the UE dedicated signalling.

22413 Load balancing action based on handovers

The sourcecell may initiate handover due to load (see sub-clauses 10.1.2 and 10.2.2). The target cell performs
admission control for the load balancing handovers. A handover preparationrelated to a mobility load balancing action

shallbe distinguishable fromotherhandovers, so thatthe targetcellis able to apply appropriate admission control.
22414 Adapting handover and/or reselection configuration

This functionenables requesting ofa change ofhandoverand/orreselection parameters at target cell. The sourcecell
that initialized the load balancing estimates if it is needed to change mobility configuration in the sourceand/ortarget
cell. If the amendment is needed, the source cell initializes mobility negotiation procedure toward the targetcell.

The sourcecellinforms the targetcellabout the new mobility setting and provides cause forthe change (e.g. load
balancing related request). The proposed changeis expressed by themeans ofthe difference (delta) between the current
and the new values ofthe handover trigger. The handover trigger is the cell specific offset that corresponds to the
threshold at whicha cellinitialises the handover preparation procedure. Cell reselection configuration may be amended
to reflect changes in the HO setting. The targetcellresponds to the information fromthe source cell. The allowed delta
range for HO trigger parameter may be carried in the failure response message. The source cellshould consider the

responses before executing the planned change of'its mobility setting.

All automatic changes on the HO and/or reselection parameters must be within therange allowed by OAM.
22.4.2 Supportfor Mobility Robustness Optimisation
22421 General
Mobility Robustness Optimisation aims at detecting and enabling correction of following problems:
- Connection failure due to intra-LTE or inter-RA T mobility;
- Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);
- Inter-RAT ping-pong.
22422 Connection failure due to intra-LTE mobility

One ofthe functions of Mobility Robustness Optimization is to detectconnection failures that occur due to Too Early or
Too Late Handovers, or Handover to Wrong Cell. These problems are defined as follows:
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- [Too Late Handover] An RLF occurs afterthe UEhas stayed fora long period oftime in the cell; the UE
attempts to re-establishtheradio link connection in a different cell.

- [Too Early Handover] An RLF occurs shortly aftera successful handover froma source cellto a target cellora
handover failure occurs during thehandover procedure; the UE attempts to re-establish the radio link connection
in the source cell.

- [Handoverto WrongCell] An RLF occurs shortly aftera successful handover froma source cellto a target cell
or a handover failure occurs during the handover procedure; the UE attempts to re-establish theradio link

connectionin a cell otherthanthe sourcecelland the target cell.

In the definition above, the "successful handover" refers to the UEstate, namely the successful completionofthe RA
procedure.

In addition, MRO provides means to distinguish the above problems fromLTE coverage related problems and other
problems, not related to mobility.

Solution for failure scenarios consists of one or more of following functions:

- Detection ofthe failure after RRC re-establishmentattempt;

- Detection ofthe failure after RRC connection setup;

- Retrieval of information needed for problemanalysis.
Triggering ofeach ofthese functions is optional and depends on situation and implementation.
Detection of the failure after RRC re-establis hment attempt:

Detection mechanisms for Too Late Handover, Too Early Handover and Handover to Wrong Cell are carried out
throughthefollowing:

- [Too Late Handover]
If the UE attempts to re-establish the radio link connectionin a cell that belongs to eNB B, indicating as the last
serving cellacell belongingto eNB A, different fromeNB B, then eNB B may report this event toeNB A by
means ofthe RLF Indication Procedure. eNB A may then use information in the RLF INDICATION message to
determine whether the failure occurred in the serving cell.

- [Too Early Handover]
If the target cellbelongs toan eNB B different fromthe eNB A that controls the sourcecell, the eNB B may
send a HANDOVER REPORT messageindicating a Too Early Handovereventto eNB A upon eNBBreceives
an RLF INDICATION message fromeNB A and if eNB B has sentthe UECONTEXT RELEASE messageto
eNB A related to the completionofan incoming handover forthe same UE within the last Tstore UE cntxt
seconds orthereexists a prepared handover forthe same UEin eNB B.

- [Handoverto Wrong Cell]
Ifthe type ofthe failure is Radio Link Failure and the target cellbelongs to eNB B that is different fromthe eNB
A that controls the source cell, the eNB B may send a HANDOVER REPORT message indicatinga Handover
To Wrong Cellevent to eNB A uponeNB B receives an RLF INDICATION message fromeNBC, and if eNB
B has sent the UECONTEXT RELEASE message toeNB A related to the completion ofan incoming handover
for the same UE within the last Tstore UE cntxt seconds orthere exists a prepared handover for the same UE in
eNB B. This also applies wheneNB A and eNB C are the same. The HANDOVER REPORT message may also
besent ifeNB B and eNB C are the same and the RLF Indication is internal to this eNB.
If the type ofthe failure is Handover Failure duringa handover froma cell in eNB A, and the UE attempts to re-
establish theradio link connection toa cellin eNB C, then eNB C may send a RLF INDICATION message to
eNB A.

The detection ofthe aboveevents, when involving more thanoneeNB, is enabled by the RLF Indication and Handover
Report procedures.

The RLF Indication procedure may be initiated after a UE attempts to re-establish the radio link connectionat eNB B
aftera failure at eNB A. The RLF INDICATION message sent fromeNB B to eNB A shall contain the following

mformation elements:

- Failure Cell ID: PCI ofthe cell in which the UE was connected prior to the failure occurred;
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- Reestablishment CellID: ECGI ofthe cell where RL re-establishmentattempt is made;
- C-RNTI: C-RNTTI of the UE in the cellwhere UE was connected prior to the failure occurred;

- shortMAC-I (optionally): the 16 least significantbits ofthe MAC-I calculated using the security configuration of
the source celland the re-establishment cell identity;

- UE RLF Report Container (optionally): the RLF Report received fromthe UE, as specified in TS 36.331 [16];
- Reestablishment Cause (optionally): provided by the UE during the RRC connection re-establishmentattempt.

eNB B may initiate RLF Indication towards multiple eNBs if they controlcells which use the PCl signalled by the UE
during the re-establishment procedure. The eNB A selects the UE context thatmatches the received Failure Cell ID and
C-RNTI, and, if available, uses theshortMA C-I to confirmthis identification, by calculating the shortMAC-I and
comparing it to the received IE.

The Handover Report procedure is used in the case ofrecently completed handovers, when a failure occurs in the target
cell (in eNB B) shortly afterit sent the UE Context Release messageto the sourceeNB A. The Handover Report
procedure is also used whenan RLF occurs before the UE Context Release messageis sent, ifthe randomaccess
procedure in the target cell was completed successfully. The HANDOVER REPORT message contains the following
information:

- Type ofdetected handover problem(Too Early Handover, Handoverto Wrong Cell);
- ECdI of source and targetcells in the handover;

- ECdI of'the re-establishment cell (in the case of Handover to Wrong Cell);

- Handovercause(signalled by the source during handover preparation);

- C-RNTI allocated forthe UEin the source cell (if available);

- Mobility Information (optionally);

- UE RLF Report (optionally): the RLF Report received fromthe UEand forwarded in the RLF INDICA TION
message.

UE may provide the RLF Report to the eNB after successful RRCre-establishment. The radio measurements contained
in the RLF Report may be used e.g. to identify coverageissues as thepotential cause ofthe failure. The cause forthe
RLF contained in the RLF Report may be used to identify the cause ofthe failure and exclude theevents thatare

irrelevant for MRO evaluation.
Detection of the failure after RRC connection setup:

In case the RRCre-establishment fails orthe UE does not performany RRC re-establishment, the UE makes the RLF
Report available to the eNBafterreconnecting fromidle mode. The RLF Report is describedin section 22.4.5.
Availability ofthe RLF Report at the RRC connection setup procedure is the indication that the UE suffered froma
connection failure and that the RLF Report from this failure was not yet delivered to the network. The RLF Report from
the UE includes the following information:

- The E-CAl of the last cellthat served the UE (in case of RLF) or the target ofthe handover (in case ofhandover
failure). If the E-CGI is not known, the PCl and frequency information are used instead.

- E-Cdl ofthe cell that the re-establishment attempt was made at.

- E-Cdl of'the cell that served the UEat the last handover initialisation, i.e. when message 7
(RRCConnectionReconfiguration) was received by the UE, as presented in Figure 10.1.2.1.1-1.

- Time elapsedsince thelast handoverinitialisationuntil connection failure.

- Anindication whether the connection failure was due to RLF orhandover failure.
- Theradio measurements.

- C-RNTI allocated forthe UEin the last serving cell.

- RLF triggerofthe last RLF that was detected.
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- Time elapsedfromthe connection failure till RLF Report signalling.

The eNB receiving the RLF Report fromthe UE may forward the report to theeNB that served the UEbefore the
reported connection failure using the RLF INDICATION message. The radio measurements contained in the RLF
Report may be used e.g. to identify coverage issues as the potential cause ofthe failure. The cause forthe RLF
contained in the RLF Report may be used to identify the cause ofthe failure and exclude the irrelevantevents that are

irrelevant for MRO evaluation.

Detection of Too Late Handover, Too Early Handover and Handover to Wrong Cellis carried out through the
following:

- [Too Late Handover]
There is no recent handover for the UE priorto the connection failure i.e. the UE reported timer is absentor
larger than the configured threshold, e.g. Tstore UE cntxt.

- [Too Early Handover]
There is arecent handover for the UE priorto the connection failure i.e. the UE reported timer is smaller than the
configured threshold, e.g. Tstore UE cntxt, and the first re-establishmentattempt cellis the cellthat served the

UE at the last handoverinitialisation.

- [Handoverto Wrong Cell]
There is a recent handover for the UE priorto the connection failure i.e. the UE reported timeris smaller than the
configuredthreshold, e.g. Tstore UE cntxt, and the first re-establishmentattempt cellis neitherthe cell that
served the UEat the last handover initialisation nor the cell that served the UE where the RLF happened orthe

cell that the handover was initialised toward.
The "UEreported timer" above indicates the time elapsed since the lasthandover initialisation until connection failure.

In case of Too Early Handover or Handoverto Wrong Cell, the eNB receiving the RLF INDICATION message may
use the HANDOVER REPORT message to informthe eNB controlling the cell where the mobility configuration caused

the failure.
Retrieval of information needed for problem analysis

The information needed for detailed problemanalysis may be retrieved fromboth, the UEand the network sides. The
information that is collected at the UEis provided to thenetwork with the RLF Report, which may be forwarded to the
last servingnode in the RLF INDICATION messageand, in case of " Too Early HO" or "HO to Wrong Cell", furtherin
the HANDOVER REPORT message.

In orderto retrieve relevant information collected at thenetwork side as part ofthe UE context, the UE provides C-
RNTT used in the last serving cell. If the cause for the failure is identified as a "Too Early HO" ora "HO to Wrong
Cell", the eNB controlling the lastserving cell shall, if supported, include in the HANDOVER REPORT message the
C-RNTI used in the source cell of the last completed handover before the failure. Ifthe eNB controlling thatsource cell
provided the Mobility Information, it is included in the HANDOVER REPORT message. [fused, the Mobility
Information is prepared at the sourceeNB ofa handover and may refer to oridentify any handover-related data at this
eNB.

Handling multiple reports from a single failure event

In case the RRCre-establishment fails and the RRC connection setup succeeds, MRO evaluation of intra-LTE mobility
connection failures may be triggered twice for the same failure event. In this case, only one failure eventshould be
counted.

22.4.2.2a Connection failure due to inter-RAT mobility

One ofthe functions of Mobility Robustness Optimization is to detect connection failures that occurred due to Too
Early or Too Late inter-RA T handovers. These problems are defined as follows:

- [Too Late Inter-RAT Handover] An RLF occurs afterthe UEhas stayed in an EEUTRAN cell for a long period
of time; the UE attempts to re-connect to a UTRAN cell.

- [Too Early Inter-RAT Handover] AnRLF occurs shortly aftera successful handover froma UTRANcell to a
target cellin E-UTRAN; the UE attempts to re-connectto the sourcecell orto another UTRAN cell.
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The UE makes the RLF Report available to an eNB, when RLF happens in EEUTRAN and the UEre-connects to an
eNB cell. Availability ofthe RLF Report at the RRC connectionsetuporat ahandoverto EEUTRAN cellis the
indication that the UEsuffered a connection failure and that the RLF Report from this failure was not yet delivered to

the network.

The eNB receiving the RLF Report fromthe UE may forward the report to theeNB that served the UEbefore the
reported connection failure using the RLF INDICATION messageover X2 or by means ofthe eNB configuration
trans fer procedureand MME configuration transfer procedureover S1. If present in the RLF Report, the radio
measurements may be usedto identify lack of coverage as the potential cause of the failure. This information may be

used to exclude thoseevents fromthe MRO evaluation andredirect themas input to other algorithms.

Detection mechanisms for Too Late Inter-RA T Handover and Too Early Inter-RA T Handover are carried outthrough
the following:

- [Too Late Inter-RAT Handover]
The connection failure occurs while being connected toan LTEcell, and there is no recent handover forthe UE
priorto the connection failure i.e., the UE reported timeris absent or larger than the configured threshold, e.g.,
Tstore UE cntxt,and the first cell where the UE attempts to re-connectis a UTRAN cell.

- [Too Early Inter-RAT Handover]
The connection failure occurs while being connected toan LTEcell, and there is a recent inter-RAT handover
for the UE priorto the connection failure i.e., the UE reported timeris smaller than the configured threshold,
e.g., Tstore UE cntxt,and thefirst cell where the UEattempts to re-connect and thecellthat served the UE at

the last handover initialisation are both UTRAN cells.
The "UEreported timer" above indicates the time elapsed since the lasthandover initialisation until connection failure.

In case the failure is a Too Early Inter-RA T Handover, the eNBreceiving the RLF INDICA TION message may inform
the UTRANnode by means ofthe eNB Direct Information Transfer procedureover S1. The information contains:

- Typeofdetected handover problem(Too Early Inter-RAT Handover);
- UE RLF Report Container: the RLF Report received fromthe UE, as specified in TS 36.331 [16];

- Mobility Information (optionally, if provided in the last Handover Res ource Allocation procedure fromthe
UTRANnode);

22423 Unnecessary HO to another RAT

One ofthe purposes ofinter-RAT Mobility Robustness Optimisation is the detection ofa non-optimaluse ofnetwork
resources. In particular, in case of inter-RA T operations and when EFUTRAN is considered, the case known as
Unnecessary HO to another RAT is identified. The problemis defined as follows:

- UE is handedover fromE-UTRANto other RAT (e.g. GERAN or UTRAN) even though quality ofthe E-
UTRAN coverage was sufficient for the service used by the UE. The handover may therefore be considered as

unnecessary HO to another RAT (too early IRAT HO without connection failure).

In inter-RAT HO, if the serving cell threshold (E-UTRAN) s set too high, and another RAT with good signal strength
is available, a handoverto another RAT (e.g. UTRAN or GERAN) may be triggered unnecessarily, resulting in an
inefficient use ofthe networks. Witha lower threshold the UE could have continued in the source RAT (EFUTRAN).

To be able to detect the Unnecessary HO to another RAT, an eNBmay chooseto putadditional coverage and quality
condition informationinto the HANDOVER REQUIRED messagein the Handover Preparation procedure when an
inter-RAT HO from E-UTRAN to another RAT occurs. The RAN node in the other RAT, uponreceiving this additional
coverageand quality information, may instruct the UEto continue measuring the source RAT (E-UTRAN) during a
period oftime, while being connected toanother RAT (e.g. UTRAN or GERAN), and send periodic orsingle
measurement reports tothe other RAT (e.g. UTRAN or GERAN). When the period oftime indicated by the source
RAT (E-UTRAN) expires, the RANnode in the other RAT (e.g. UTRAN or GERAN), may evaluate the received
measurement reports with the coverage/quality conditionreceived during the inter-RAT HO procedure and decide ifan
inter-RAT unnecessary HO report should be sentto the RANnodein the source RAT (E-UTRAN). The inter-RAT
unnecessary HO report should include the following information:

- Handovertype (LTEto UTRAN, LTE to GERAN);

- Typeofdetected handover problem(Unnecessary HO to another RAT);
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- ECdI ofthe source cellin the handover;
- Cell ID of the target cell;

- Alist ofcells whose radio quality, as reported in the UE’s first measurementreport following the handover,
exceeds the threshold indicated in the additional coverage and quality information in the Handover Preparation
procedure.

The inter-RA T unnecessary HO report shallonly be sentin cases where, in all UE measurement reports collected during
the measurementperiod, any source RAT cells exceed the radio coverage and/or quality threshold (the radio threshold
RSRP or/and RSRQ and the measurement period are indicated in the additional coverage and quality informationin the
Handover Preparation procedure). Ifan inter-RA T handover towards LTEis executed fromRNC within the indicated
measurement period, the measurementperiod expires. In this case, the RNCmay also sendthe HO Report. No HO
Report shallbe sent in case no EEFUTRAN cell could be included, orif the indicated period oftime is interrupted by an
inter-RAT handoverto a RAT different than LTE or by an intra-UMTS handover with SRNCrelocation or inter-BSS
handover.

The RANnode in the source RAT (E-UTRAN) upon receiving ofthe report, can decide if/how its parameters (e.g.,
threshold totrigger IRAT HO) should be adjusted.

22424 O&M Requirements

All automatic changes ofthe HO and/or reselection parameters for mobility robustness optimisation shall be within the
range allowed by OAM.

The following control parameters shallbe provided by OAM to control MRO behaviour:

- Maximum deviation of Handover Trigger
This parameter defines the maximum allowed absolutedeviation ofthe Handover Trigger (as defined in
22.4.1.4), fromthe default point of operation defined by the parameter values assigned by OAM.

- Minimum time between Handover Trigger changes
This parameter defines the minimum allowed time interval between two Handover Trigger changeperformedby

MRO. This is used to control the stability and convergence ofthe algorithm.

Furthermore, in order to support the solutions for detection of Too Late and Too Early HO, the parameter
Tstore UE cntxt shallbe configurable by the OAM system.

OAM may define multiple coverage configurations foreach cellserved by an eNB. The coverage configuration may
also mean a cell is inactive (no coverage). The eNBmay dynamically selectthe mostappropriatecoverage
configuration forits served cells.

22425 Inter-RAT ping-pong

One ofthe functions of Mobility Robustness Optimization is to detect ping-pongs that occur in inter-RA T environment.
The problemis defined as follows:

- AUE is handed over froma cell in a sourceRAT (e.g. EEFUTRAN) to a cell in a target RAT different fromthe
source RAT (e.g. UTRAN), then within a predefined limited time the UE is handedoverbackto a cellin the
source RAT, while the coverage ofthesource RAT was sufficient for the service used by the UE. The event may
occurmore than once.

The solution for the problemmay consistofthe following steps:
1) Statistics regarding inter-RA T ping-pongoccurrences are collected by theresponsible node.
2) Coverage verification is performedto check ifthe mobility to other RAT was inevitable.

The statistics regarding ping-pong occurrence may be based on evaluationofthe UE History InformationIEin the
HANDOVER REQUIRED message. Ifthe evaluationindicates a potential ping-pong case and the source eNB ofthe 1*
inter-RAT handoveris differentthanthetarget eNB ofthe 2™ inter-RAT handover, the targeteNB may use the
HANDOVER REPORT message to indicatethe occurrence of potential ping-pong cases to thesource eNB. The
HANDOVER REPORT message for ping-pong indication contains the following information:

- Typeofdetectedhandover problem(InterRA Tping-pong);
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- ECdI ofthe source cellin the handover from E-UTRANto UTRAN;

- ECdI ofthetarget in the handover fromUTRANto E-UTRAN;

- Cell Identifier ofthe target UTRAN cellin the first inter-RA T handover;

- Cause ofthe first handover (signalled by the source during handover preparation).

IfE-UTRAN coverage during the potential ping-pong eventneeds to be verified for the purpose of determining
corrective measures, the Unnecessary HO to another RAT procedure may be used

22.4.2.6 Dynamic coverage configuration changes

Each eNB may be configured with alternative coverage configurations and an eNB may autonomously select and switch
between these configurations, e.g. usingthe Active Antenna Systems functions.

An eNBmay notify its neighbour eNBs about the coverage reconfiguration using the ENB CONFIGURA TION
UPDATEmessage with the list of cells with modified coverageincluded. The list contains the ECGI of each modified
cell and its coverage state indicator. The indicator may be usedat thereceiving eNB to adjust the functions ofthe
Mobility Robustness Optimisation, e.g. by using the indicator to retrieve a previously stored Mobility Robustness
Optimisation state. Ifthe list includes indication about planned reconfigurationand possiblya list ofreplacing cells, the
receiving eNB may use this to avoid connection or re-establishment failures during the reconfiguration. Also, ifthe
sendingeNBadds cells in inactive state, thereceiving eNB may use this information toavoid connection or re-
establishment failures.

The receiving node may also usethe notification to reduce the impact on mobility. Forexample, the receiving eNB
shouldavoidtriggering handovers towards cell(s) thatare indicated to be inactive.

22.4.3 Supportfor RACH Optimisation

The setting of RACH parameters thatcan be optimized are:

- RACH configuration (resource unit allocation);

- RACH preamble split (among dedicated, group A, group B);

- RACH backoffparametervalue;

- RACH transmission power control parameters.
RACH optimization is supported by UEreported informationand by PRA CH parameters exchange between eNBs.
UEs which receive polling signalling shall report the below information:

- Numberof RACH preambles sentuntil the successful RACH completion;

- Contention resolution failure.
22.4.4 Supportfor Energy Saving
22.4.41 General

The aim of this functionis to reduce operational expenses through energy savings.

The functionallows, forexample in a deployment where capacity boosters can be distinguished fromcells providing
basic coverage, to optimize energy consumption enabling the possibility fora E-UTRAN cell providing additional
capacity, to be switched off when its capacity is no longerneeded and tobe re-activated on a need basis. The basic
coveragemay be providedby E-UTRAN, UTRAN or GERAN cells.

22442 Solution description

The solutionbuilds upon thepossibility forthe eNB owning a capacity booster cell to autonomously decideto switch-
off such cellto lower energy consumption (dormantstate). The decision is typically based oncell load information,
consistently with configured information. The switch-off decision may also be taken by O&M.
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The eNB may initiate handover actions in order to off-load thecell being switched offand may indicate thereason for
handover with an appropriate cause value to supportthe targetnode in taking subsequent actions, e.g. when selecting
the target cell for subsequent handovers.

AllpeereNBs are informed by the eNB owning the concerned cell about the switch-offactions over the X2 interface,
by means ofthe eNB Configuration Update procedure. The eNB indicates the switch-offactionto a GERAN and/or

UTRANnNode by means ofthe eNB Direct Information Transfer procedure over S1.

All informed nodes maintain the cell configuration data, e.g., neighbour relationship configuration, also when a certain
cell is dormant. Ifbasic coverage is ensured by E-UTRAN cells, eNBs owning non-capacity boosting cells may request
a re-activation over the X2 interface if capacity needs in such cells demand todo so. This is achieved via the Cell
Activation procedure. Ifbasic coverage is ensuredby UTRAN or GERAN cells, the eNB owning the capacity booster
cell may receive a re-activationrequest froma GERAN or UTRANnode by means ofthe MME Direct Information
Transfer procedure over S1. The eNB owning the capacity booster cell may also receive fromthe sending GERAN or
UTRANnode the minimum time before that cell switches off; during this time, the same eNB may preventidle mode

UEs from camping on the celland may prevent incoming handovers to the same cell.

The eNB owning the dormantcell should normally obey a request. The switch-on decisionmay also be taken by O&M.
All peereNBs are informed by the eNB owning the concerned cell about the re-activationby an indication on the X2
interface. The eNB indicates the re-activation actionto a GERAN and/or UTRANnode by means oftheeNB Direct
Information Transfer procedureover S1. The eNB owning the concerned cellmay choose to delay ornot tosend
indication(s) ifthe sending GERAN or UTRANnode has included the minimum activation time in the re-activation
request.

22443 O&M requirements
Operators should be able to configure the energy saving function.
The configured informationshouldinclude:
- The ability ofan eNB to performautonomous cell switch-off.
- Theability ofan eNB to requestthe re-activation ofa configured list of dormant cells owned by a peer eNB.
O&M may also configure
- policies used by the eNB for cell switch-off decision.

- policies usedby peer eNBs forrequesting there-activation ofa dormant cell.

22.4.5 Radio Link Failure report

The RLF Report fromthe UE can be used forboth coverage optimization and mobility robustness optimization.

The UE stores the latest RLF orhandover failure related information, and indicates RLF report availability at each
subsequent LTERRC connection (re-)establishment and handoverto an LTE cell untilthe RLF report is fetched by the

network or for48 hours afterthe RLF or handover failure is detected.

The UE keeps the informationduring statetransitions and RAT changes, and indicates RLF report availability again
afterit returns to the LTERAT.

The UE only indicates RLF report availability and only provides the RLF report to the network if the current RPLMN is
a PLMN that was presentin the UE’s EPLMN List or was the RPLMN at the time the RLF or handover failure was
detected.

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 263



Release 15 264 3GPP TS 36.300 V15.0.0 (2017-12)

22.5 Void
22.6 Void

22A  LTE-WLAN Aggregation and RAN Controlled LTE-
WLAN Interworking

22A.1 LTE-WLAN Aggregation

22A.1.1 General

E-UTRAN supports LTE-WLAN aggregation (LW A) operation whereby a UEin RRC_CONNECTED is configured by
the eNBto utilize radio resources of LTEand WLAN. Two scenarios are supported depending on the backhaul

connectionbetween LTEand WLAN:

- non-collocated LW A scenario foranon-ideal backhaul;
- collocated LW A scenario foran ideal/internal backhaul,

The overall architecture for the non-collocated LW A scenario is illustrated in Figure 22A.1.1-1 below where the
WLAN Termination (W T) terminates the Xw interface for WLAN.

MME(S-GW
9
@
! Q
—Xw WT
eNB | ( ))
X >
X&W WT
eNB

Figure 22A.1.1-1: Non-collocated LWA Overall Architecture

22A.1.2 Radio Protocol Architecture

In LWA, the radio protocolarchitecturethata particular beareruses depends on the LW A backhaul scenario and how
the beareris set up. Two bearer types exist for LW A:split LW A bearerand switched LW A bearer. Thosetwo bearer
types are depicted on Figure 22A.1.2-1 forthe collocated scenario and on Figure22A.1.2-2 for the non-collocated
scenario.
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Figure 22A.1.2-1: LWA Radio Protocol Archite cture for the Collocated Scenario
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Figure 22A.1.2-2: LWA Radio Protocol Architecture for the Non-Collocated Scenario

In the downlink, for PDUs sentover WLAN in LW A operation, the LW AAP entity [66] generates LW AAP PDU
containinga DRBidentity and the WT uses the LW A EtherType 0x9E65 for forwarding the data to the UEover
WLAN. The UE uses the LW A EtherType to determine thatthe received PDU belongs to an LW A bearer and uses the

DRB identity to determine to which LW A bearer the PDU belongs to.

In the uplink, for PDUs sent over WLAN in LW A operation, the LW A AP entity in the UE generates LW AAP PDU
containinga DRBidentity and the UEuses the LW A EtherType 0x9E65 forsendingthe data over WLAN.

LW A supports split bearer operation where the PDCP sublayer supports in-sequence delivery ofupperlayer PDUs
based onthe reordering procedure introduced for DC.

The UE supporting LW A may be configured by theeNB to send PDCP status reportor LW A status report [15],in cases
where feedback fromWT is not available.

Only RLC AM and RLCUM can be configured foran LW A bearer.
E-UTRAN does notconfigure LW A with DC, LWIP or RCLWI simultaneously forthe same UE.

IfLW A and RAN assisted WLAN interworking are simultaneously configured for the same UE, in
RRC CONNECTED, the UE only applies LWA.

For LW A bearer, if the data available for transmissionis equalto or exceeds the threshold configured by EFUTRAN the
UE decides which PDCP PDUs are sent over WLAN or LTE. If the data available is below the threshold, the UE
transmits PDCP PDUs on LTE or WLAN as configured by E-UTRAN.

Foreach LW A DRB, E-UTRAN may configure the IEEE 802.11 ACvalue to be used forthe PDCP PDUs that are sent
over WLAN in the uplink.

For LW A bearer, forrouting of UL data over WLAN, the WT MAC address may be provided to the UEby the E-
UTRAN or using other WLAN procedure.
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22A.1.3 Network Interfaces
22A.1.3.1 General

In the non-collocated LW A scenario, theeNB is connected to one ormore W Ts via an Xw interface. In the collocated
LW A scenario the interface between LTEand WLAN is up to implementation. For LW A, the only required interfaces
to the Core Network are S1-U and SI-MME which are terminated at the eNB. No Core Network interface is required
for the WLAN.

NOTE 1: WTis alogicalnode and 3GPP does not specify where it is implemented.

NOTE2: LTE-WLAN aggregation supportata WLAN does not preclude the implementationoflegacy WLAN
interworking (e.g. S2a, S2b or NSWO) in the same WLAN.

22A.1.3.2 User Plane

In the non-collocated LW A scenario, the Xwuserplane interface (Xw-U) is defined betweeneNBand WT. The Xw-U
interface supports flow control based on feedback fromWT.

The Flow Control functionis applied in the downlink when an E-RABis mapped onto an LW A bearer, i.e. the flow
controlinformation is provided by the WTto the eNB forthe eNB to control the downlink user data flow to the WT for
the LW A bearer. The OAM configures the eNB with the information of whether the Xw DL delivery status provided
froma connected W T concerns LW AAP PDUs successfully delivered to the UEorsuccessfully transferred toward the

UE.
The Xw-U interface is usedto deliver LWAAP PDUs betweeneNBand WT.

ForLWA, the S1-U terminates in the eNB and, if Xw-U user data bearers are associated with E-RA Bs for which the
LW A beareroptionis configured, theuser planedatais transferred fromeNB to WT usingthe Xw-U interface.

Figure 22A.1.3.2-1 shows U-plane connectivity ofeNBand WT involved in LW A fora certain UE: the S1-U is
terminated at the eNB; the eNB and the WT are interconnected via Xw-U.

Nn-Ls

(9,

Xw-U WT

eNB
Figure 22A.1.3.2-1: U-Plane connectivity of eNB and WT for LWA

22A.1.3.3 Control Plane

In the non-collocated LW A scenario, the Xw control plane interface (Xw-C) is defined between eNBand WT. The
application layer signalling protocol s referred to as Xw-AP (Xw Application Protocol).

The Xw-AP protocol supports the following functions:
- Transferof WLAN metrics (e.g. bssload) fromWT to eNB;
- Support of LWA for UEin ECM-CONNECTED:
- Establishment, Modificationand Release ofa UE context at the WT;

- Controlofuserplane tunnels betweeneNBand WT fora specific UE for LW A bearers.
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- General Xw management and error handling functions:
- Errorindication;
- Setting up the Xw;
- Resettingthe Xw;
- Updating the WT configuration data.
eNB-WT controlplanesignalling for LW A is performed by means of Xw-C interface signalling.

There is only one SI-MME connection per LW A UEbetween theeNB and the MME. Respective coordinationbetween
eNB and WT is performed by means of Xw interface signalling.

Figure 22A.1.3.3-1 shows C-plane connectivity ofeNBand WT involvedin LW A fora certain UE: the SI-MMEis
terminated in eNB; the eNBand the WT are interconnected via Xw-C.

Figure 22A.1.3.3-1: C-Plane connectivity of eNB and WT for LWA

22A.1.4 Mobility

A WLANmobility set is aset of one ormore WLAN Access Points (APs) identified by one ormore
BSSID/HESSID/SSIDs, within which WLAN mobility mechanisms apply while the UEis configured with LW A
bearer(s), i.e.,the UE may performmobility between WLAN APs belonging to the mobility set without informing the
eNB.

The eNB provides the UEwith a WLAN mobility set. Whenthe UEis configured with a WLAN mobility set, it will
attempt to connectto a WLAN whose identifiers match the ones ofthe configured mobility set. UEmobility to WLAN
APs not belonging to the UEmobility set is controlled by the eNBe.g. updatingthe WLAN mobility set based on

measurement reports providedby the UE. A UE is connected to at most one mobility setat a time.

All APs belongingto a mobility set share a common W T which terminates Xw-Cand Xw-U. The termination endpoints
for Xw-C and Xw-U may differ. The WLAN identifiers belonging toa mobility set may be asubsetofal WLAN
identifiers associated to the WT.

22A.1.5 WLAN Measurements

The UE supporting LW A may be configured by the EEUTRAN to perform WLAN measurements. WLAN measurement
object can be configuredusing WLA N identifiers (BSSID, HESSID and SSID), WLAN carrier information and WLAN
band (2.4GHz, 5GHz and 60GHz). WLAN measurementreporting is triggered using RSSI. WLAN measurement report
contains, foreach included WLAN, RSSI and WLAN identifier, and may contain WLAN carrier information, WLAN
band, channelutilization, station count, admis sion capacity, backhaulrate and an indication whether the UEis
connected to the WLAN.

WLAN measurements may be configured to support the following:
1. LWA activation;

2. Inter WLANmobility set mobility;
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3. LWA deactivation.

UE is configured with measurements for WLANusing IEEE terminology [65] (e.g. 'Country', 'Operating Class',and/or
'Channel Number").

22A.1.6 Procedure for WLAN Connection Status Reporting

The purposeofthe WLAN Connection Status Reporting procedureis to provide feedback to the eNBrelated to the
WLAN status and operation. The WLAN Connection Status Reporting procedure supports the following indications:

1. WLAN connection failure;

2. WLAN connection success;

3. WLANtemporary suspension;
4. WLAN connection resumption.

When a UE configured with at leastone LW A bearer becomes unable to establish or continue LW A operation, the UE
sends the WLANConnectionStatusReport messageto indicate "WLAN connection failure" tothe eNB. Whena UE
configured with at least one LW A beareris notable to support the LW A operation for a temporary duration, the UE
may suspend the LW A operationby sending the WLAN ConnectionStatusReport message to indicate “WLAN temporary
suspension” tothe eNB.

The criteria to determine WLAN connection failure or WLAN temporary suspension s left for UE implementation.
Upon WLAN connection failure or WLAN temporary suspension, the UERRC connectionre-establishment is not
triggered, datareceptionon WLAN is suspended, and there is no impact to LTEpart ofthe LW A split bearer. Upon
WLAN temporary suspension, UEkeeps the LW A configurationincluding LW A bearer configuration.

When a UE configured with at leastone LW A bearer successfully connects to an AP, the UEsends the

WLAN ConnectionStatusReport message to indicate “WLAN connection success”, if configured by the eNB. Whena
UE configured with at least one LW A bearer that has previously indicated W LAN temporary suspension s able to
resume the LW A operation, the UEshall send the WLAN ConnectionStatusReport message to indicate “WLAN
connectionresumption” to the eNB.

22A.1.7 LTE-WLAN Aggregation Operation
22A1.7 .1 WT Addition

The WT Addition procedure is initiated by theeNBand is usedto establish a UE context at the WT in order to provide
WLANTresources to the UE.

UE eNB WT

1. WT Addition Request

2. WT Addition Request Acknpwledge

3. RRCConnectionReconfliguration

<%

4. RRCConnectionReconfligurationComplete

5. UE starfs using the new LWA
configuratfon and performs WLAN
associatiol

6. WT Association Confirmatign

7. WLANConnectionStatus»Report

Figure 22A.1.7.1-1: WT Addition procedure
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1. The eNB sendsthe WT Addition Requestmessage to request the WT to allocate WLAN resources for specific
E-RABs, indicating E-RA B characteristics. The WT may reject the request.

NOTE: The eNB may eitherdecide to request resources fromthe WT of such an amount, thatthe QoS forthe
respective E-RAB s guaranteed by the exact sumofresources provided by the eNBand the WT together,
or even more. The eNB’s decision may be reflected in step 1 by the E-RAB parameters signalled to the

WT, which may differ from E-RAB parameters receivedover S1.

2. Ifthe WTis able to admit the full or partial WLAN resource request, it responds with the WT A ddition Request
Acknowledge message.

3. The eNB sends the RRCConnectionReconfiguration message to the UEincluding the new radioresource
configuration. The eNBmay include the Access Categories foruplink E-RABs, if received fromthe WT in step
2.

4. The UE applies the new configuration and replies with the RRC ConnectionReconfiguration Complete message.
5. The UE performs WLAN Association.
6. The WT,if supported, sends the WT Association Confirmation message.
7. If configured by the eNB, the UEmay send the WLAN ConnectionStatusReport message.
22A1.7.2 WT Modification

The WT Modification procedure may be initiated either by the eNB orby the WT and be used to modify, establish or
release bearer contexts orto modify other properties ofthe UE context within the same WT.

The WT Modification procedure does not necessarily need to involve signalling towards the UE.

eNB initiated WT Modification

UE eNB WT

1. WT ModificationRequest

»
>

WT Modification Request Acknowledge

2.

43._RRCC0nnectionReconﬁgumtion

4. RRCConnectionReconfigurationCqmplete
________________ .>

5. UE startq using the new
LWA configpration

Figure 22A.1.7.2-1: WT Modification procedure — e NB initiated

1. The eNB sendsthe WTModification Request message to request the W T to modify the WLAN resources for
specific E-RABs.

NOTE: The eNB may eitherdecide to request resources fromthe WT of suchan amount, thatthe QoS forthe
respective E-RAB s guaranteed by the exact sumofresources provided by the eNBand the WT together,
or even more. The eNB’s decision may be reflected in step 1 by the E-RAB parameters signalled to the

WT, which may differ from E-RAB parameters receivedover S1.
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2. Ifthe WT accepts the request, it applies the modified W LAN resource configuration andres ponds with the WT
Modification Request Acknowledge message.

3. Ifthe modification requires RRC configuration, eNB sends the RRCConnection Reconfiguration messageto the
UE including the new W LA N radio resource configuration. The eNB may include the A ccess Categories for
uplink E-RABs, if received fromthe WT in step 2.

4. The UE applies the new RRC configuration and replies with the RRC ConnectionReconfiguration Comp lete
message.

5. The UE starts utilizing the new LW A configuration.
WT initiated WT Modification

UE eNB WT

1. WT Modification Required

A

2. WT Modification Confirm

\

<3._RRCC0nnectionReconﬁgumtion

4. RRCConnectionReconfigurationCdmplete
________________ >

5. UE startq using the new
LWA configliration

Figure 22A.1.7.2-2: WT Modification procedure — WT initiated

1. The WT sends the WT' Modification Required message to theeNB to modify the WLAN resources for specific
E-RAB:s.

2. The eNB replies with the WT Modification Confirm message.

3. Ifthe modification requires RRC configuration, eNB sends the RRCConnection Reconfiguration messageto the
UE including the new WLAN radio resource configuration. The eNB may include the Access Categories for

uplink E-RABEs, if received fromthe WT in step 1.

4. The UE applies the new RRC configuration and replies with the RRCConnectionReconfiguration Complete
message.

5. The UE starts utilizing the new LW A configuration.

22A.1.7.3 WT Release

The WT Release procedure may be initiated eitherby theeNBorby the WT and is used to initiate thereleaseofthe UE
context at the WT. The recipient node ofthis request cannotreject.

The WT Release procedure does notnecessarily need to involve signalling towards the UE.

eNB initiated WT Release
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WT

3. RRCConnectionReconfiguration
(release LWA configuration)

A

-

5. RRCConnectionReconfigurationComplete

fy
|

2. Release|LWA resources

Figure 22A.1.7.3-1: WT Release procedure —eNB initiated

The UE releases the LW A configuration.

The WT initiates release ofallallocated WLAN resources.

. TheeNB sends the WTRelease Request messageto request W T to release the allocated W LA N resources.

If required, the eNB sends the RRC ConnectionReconfiguration message to the UEindicating the release of
WLAN T radio resource configuration.

The UE replies with the RRC ConnectionReconfigurationComplete message.

NOTE 1: 1t is up to UE implementation what happens with WLAN associationafter LW A configurationhas been

WT initiated WT Release

UE eNB

________________ ]
: 5. UE relgases LWA configuration |

1. WT Release Required

WT

2. WT Release Confirm

|-
|

4. RRCConnectionReconfiguration
(release LWA configuration)
<l

6. RRCConnectionReconfigurationComy

»
|

3. Release LWA resources

vlete

Figure 22A.1.7.3-2: WT Release procedure -WT initiated

1. The WT sendsthe WT Release Required messageto the eNB to request the release ofthe allocated WLAN

2. The eNB replies with the WT Release Confirmmessage.
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3. The WT initiates release ofall allocated WLAN resources.

4. Ifrequired, the eNBsends the RRCConnectionReconfiguration message to the UEindicating the release of
WLAN radio resource configuration.

5. The UE releases the LW A configuration.

6. The UE replies with the RRCConnectionReconfigurationComplete message.

NOTE2: 1t is up to UE implementation what happens with WLAN association after LW A configurationhas been
released.

22A1.7.4 Change of WT

The change of WT procedure is initiated by eNB and used to transfera UE context fromasource WT toa target WT.
This procedurecan be realized using WTReleaseand WT Addtion procedures.

22A.1.8 WLAN Authentication

Fora UE supporting LW A, WLAN authentication is performedas follows:

If WT Counteris included in LW A Configuration in the RRC Connection Reconfiguration message, the UE shall start
using the S-Kwr derived usingthe WT Counter value and Keng as PMK or PSK as specified in TS 33.401 subclause G
[22] and TS 36.331 subclause 5.6.14.2 [16]. Fora UE already authenticated with WLAN, configuration ofa new PMK
or PSK triggers refreshing the IEEE 802.11 security using the new PMK or PSK.

If WT Counteris not included in LW A Configuration in the RRC Connection Reconfiguration message:

- if WT Counter has not been previously configured for the UE, the UE which is not already authenticated with a
WLAN in the WLAN mobility set shalluseauthentication methods specified in TS 33.402 subclause 6[70];

- if WT Counter has been previously configured forthe UE, the UE which is not already authenticated with a
WLANn the WLAN mobility set shallkeep using the S-Kwr previously derivedusing the WT Counter value
and KeNBas PMK or PSK as specified in TS 33.401 subclause G[22] and TS 36.331 subclause5.6.14.2 [16];

- the UE which is already authenticated with a WLAN in the WLAN mobility set continues using the previously
configured authentication method andis not required to refresh IEEE 802.11 security.

22A.2 RAN Controlled LTE WLAN Interworking

22A.2.1 General

E-UTRAN supports EEUTRAN controlled bi-directional traffic steering between EEUTRAN and WLAN for UEs in
RRC _CONNECTED: RAN Controlled WLAN Interworking (RCLWI). EEUTRAN may send a steering command to
the UE indicating to steer traffic from E-UTRAN to WLAN or from WLAN to E-UTRAN. The upperlayers in the UE
shallbe notified (see TS 24.302 [67]) upon reception of such a command. Upper layers determine which traffic is
offloadable to WLAN. Similarly as for LW A, two scenarios are supported depending on the backhaul connection
between LTEand WLAN (non-collocated RCLW I scenario foranon-ideal backhauland collocated RCLW I scenario
for an ideal/internal backhaul), and the overall architecture for the non-collocated RCLW I scenario is the same as

illustrated for LW A in Figure 22A.1.1-1 above.

If the UE supporting RCLW I supports access network selection and traffic steering rules definedin TS 36.304 [11], the
UE applies the rules in RRC IDLE using WLAN identifiers provided in WLAN mobility set. Ifthe UE supporting
RCLWI and traffic steering rules defined in TS 36.304 [11], has not been configured with a WLAN mobility set, it
applies the broadcasted WLAN identifiers. Ifthe UE supporting RCLWIdoes not support the traffic steering rules
defined in TS 36.304 [11], it keeps traffic on WLAN within the configured WLAN mobility set (ifany) in RRC IDLE
until WLAN connection fails.

E-UTRAN does notconfigure RCLWIwith DC, LW A or LWIP simultaneously forthe same UE.

IfRCLWI and RAN assisted WLAN interworking are simultaneously configured forthe same UE, in
RRC_CONNECTED, the UE only applies RCLWI.
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22A.2.2 Network Interfaces
22A.2.21 General

Similarly as for LW A, in the non-collocated RCLW I scenario, the eNBis connectedto oneormore WT logicalnodes
via an Xw interface and in the collocated RCLW I scenario the interface between LTEand WLAN is up to
implementation.

22A.2.2.2 User Plane Plane

There is no userplane interface defined between the eNB and the WTin RCLW1.

22A.2.2.3 Control Plane

In the non-collocated RCLW I scenario, the Xw control plane interface (Xw-C)is defined between the eNBand the WT
and is similar to what is defined for LW A in subclause 22A.1.3.3. LW A specific funtions are not part of RCLW 1.

22A.2.3 Mobility

A WLAN mobility setis a set of one or more BSSID/HESSID/SSIDs, within which WLAN mobility mechanisms apply
while the UE has moved offloadable traffic to WLAN according to a steering command, i.e. the UE may perform
mobility between WLAN APs belonging to themobility set without informing the eNB.

22A.2.4 WLAN Measurements

The UE supporting RCLWImay be configuredby the EEUTRAN to perform WLAN measurements. WLAN
measurement objectcan be configured using W LA N identifiers (BSSID, HESSID and SSID), WLAN carrier
information and WLAN band. WLAN measurement reporting is triggered using RSSI. WLAN measurement report
contains, foreach included WLAN, RSSTand WLAN identifier,and may contain WLAN carrier information, WLAN
band, channelutilization, station count, admis sion capacity, backhaul rate and an indication whether the UEis
connected to the WLAN.

22A.2.5 Procedure for WLAN Connection Status Reporting

The purposeofthe WLAN Connection Status Reporting procedure s to provide feedback to the eNBrelated to the
WLAN status and operation. The WLAN Connection Status Reporting procedure supports the following indications:

1. Failure ofestablishing/maintaininga WLAN connection.

When a UE configured to offload to WLAN becomes unable to establish or continue WLAN offloading, the UEsends
the WLANConnectionStatusReport message to indicate to theeNB that the WLAN connection failed and the UEmoves

all the offloaded traffic to E-UTRAN (see TS 24.302 [67]).

The criteria to determine WLAN connection failure is left for UE implementation.
22A.2.6 Traffic Steering Operation

22A.2.6.1 Traffic Steering from E-UTRAN to WLAN

The traffic steering fromE-UTRANto WLAN procedure is initiated by the eNB.
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UE eNB

1. RRCConnectionReconfliguration

<%

2. RRCConnectionReconfigurationComplete

3. UE star{s using the new RCLWI
configuratjon and performs WLAN
associatiop

4. WLANConnectionStatus Report
——————————— —»]

Figure 22A.2.6.1-1: Traffic steering from E-UTRAN to WLAN procedure

1. The eNB sendsthe RRCConnectionReconfigurationmessage to the UE indicating the UE to steer traffic fromE-
UTRANto WLAN.

2. The UE forward the indication toupper layers and replies with RRC ConnectionReconfigurationComplete
message.

3. The UE performs WLAN Association and after successful connectionto WLAN, steers traffic from E-UTRAN
to WLAN (subjectto upper layer).

4. If WLAN association failed, the UEsends WLAN ConnectionStatusReportmessage.
22A.2.6.2 Traffic Steering from WLAN to E-UTRAN

The traffic steering from WLANto E-UTRAN procedure is initiated by the eNB.

UE eNB

1. RRCConnectionReconfiguration

€
¢

2. RRCConnectionReconfigurationComplete

3. UE applies the new RCLWI
configuration and performs traffic

steering

Figure 22A.2.6.2-1: Traffic steering from WLAN to E-UTRAN procedure
1. TheeNB sends the RRCConnectionReconfiguration message to the UEindicating the UE to steer traffic
fromWLANto E-UTRAN.

2. The UE forward the indication toupper layers and replies with RRC ConnectionReconfigurationComplete
message.

3. The UE steers traffic fromWLAN to EEUTRAN.

22A.3 LTE/WLAN Radio Level Integration with IPsec Tunnel

LTE/WLAN Radio Level Integration with IPsec Tunnel (LW IP) feature allows a UE in RRC_CONNECTED to be
configured by theeNBto utilize WLAN radio resources via [IPsec tunnelling.

The overall architecture for LWIP is illustrated in Figure 22A.3-1. Connectivity between eNB and LW IP-SeGW is
provided by the Xw interface .
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Figure 22A.3-1: LWIP Overall Architecture

The protocolarchitecture for LWIP is illustrated in Figure 22A.3-2.

The IP Packets transferred between the UEand LWIP-SeGW are encapsulated using [Psec [22] in orderto provide
security to the packets thattraverse WLAN.TheIP packets are then transported between the LWIP-SeGW and eNB via
the Xw interface. The end to end path between the UEand eNB via the WLA N network is referred to as the LWIP

tunnel.
S1-MME S1U
A Privale Public
|IP@ Pa
eNB w ! X —] WLAN
LWIPEP
rec| | A
eoc| | [ [Pocp] | LWIP-
SeGW
| re| | [ |mec []
U omac] | [ [mee | ]
e | [ e ||
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User plane UE — LWIP-SeGW
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| PHY | WLAN from DRB
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| MAC |
| RLC | | RLC ‘ LWIP Tunnel
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P
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Figure 22A.3-2: LWIP Protocol Architecture

The end to end protocol stack for the bearer transported over the LWIP tunnel is illustrated in figure 22A.3-3.
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UE LWIP-SeGW eNB
P < > IP
LWIPEP |« »  LWIPEP
IPsec < IPsec Delivery Delivery
le—>»| Protocol |« »  Protocol
[ < P (e.g.IP) (e.g.1P)

Figure 22A.3-3: Bearer over LWIP Tunnel - Protocol Stack

The RRCConnectionReconfiguration message provides the necessary parameters for the UEto initiate the
establishment ofthe IPSec tunnel forthe DRB. Whenthe IPsec tunnelis established a databearer can be configured to
use LWIP resources. The DRB configuration onthe LTEaccess corresponding to the data bearerusing IPsecresources
shallnotbe released. The databearerrefers to the EPS bearer mappedto the data radio bearer (DRB) which is

maintained on the LTEside.

The IPsec tunnelis established following the exchange of security information between theeNB and LWIP-SeGW
using the XwAP LWIP Addition Preparation procedure.

A single IPSec tunnelis used per UE for all the data bearers that are configured tosend and/ orreceive data over
WLAN. The data corresponding to each [PSec Tunnelis transported overthe Xw interface on a single GTP-U tunnel.
Each data bearer may be configured so thattraffic for that bearer canbe routed overthe IPsectunnel in only downlink,
only uplink, orboth uplinkand downlink over WLAN. SRBs are carried over LTE only. eNB configures specific

bearer(s)to use the [Psec tunnel.

NOTE: IftheIPsectunnelis established thenit is expected thateNBroutes packets belonging tothe data bearer
viathe LTE access orvia the IPSec tunnel. [f eNB implementation routes packets to both LTE Access
and the IPSec tunnel simultaneously, then delivery of packets to upper layers at the UEmay occurout of
order.

Forthe DL ofa data bearer, the packets received fromthe IPsec tunnel are forwarded directly to upperlayers.

Forthe UL, the eNB configures the UEto route theuplink dataeither via LTEor via WLAN using RRCsignalling. If
routed via WLAN then all UL traffic ofthe data beareris offloaded to the WLAN.

UL bearer packets sent overthe LWIP tunnel are encapsulated using LWIPEP as specified in TS 36.361 [68] with the
‘Key’ field in the LWIPEP headerpopulated with the DRB Identity associated with offloaded UL bearer.

If aggregation over LWIP is enabled in UL or DL, the corresponding (ULor DL) packets sentoverthe LWIP tunnel
and LTE are encapsulatedusing LWIPEP as specified in TS 36.361 [68]. The LWIPEP layer assigns sequence numbers
to all packets and uses this sequence numbers to populatethe ‘Sequence Number’ field in the LWIPEP header. The

‘Key’ field in the LWIPEP headeris populated with the DRB Identity ofthe associated DRB.

The release ofthe IPsec tunnel is initiated by the eNB. Upon receiving the Handover Command or on transition to
RRC IDLE state, the UEshallautonomously release IPsec tunnel configuration and theuse ofit by the data bearers.

A UE supporting LWIP may be configured for WLAN measurements as per subclause22A.1.5.

The same mobility concept as specified in 22A.1.4 for LW A is also used for LWIP. Since, WT nodedoes not exist in
LWIP operation, WT related description and procedures does not apply to LW IP. Mobility Set should be considered as
the set of WLAN APs across which UE can performmobility without informing the eNB, when applying the concept
for LWIP operation.

E-UTRAN does notconfigure LWIP with DC, LW A or RCLWI simultaneously forthe same UE.

If LWIP and RAN assisted WLAN interworking are simultaneously configured for the same UE, in
RRC _CONNECTED, the UE only applies LWIP.
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22A.3.1 LWIP Operation
22A.3.1.1 LWIP Tunnel Setup and Data Bearer Configuration

Figure 22A.3.1.1-1 shows the procedure of configuring a databearer to be transported over the LWIP tunnel.

UE L-SeGW eNB

1. RRCConnectionRé¢configuration

2. RRCConnectionReconfigurationComplete

3. WLAN Measurements

-

3a. LWIP Addition Request
3b. LWIP Addition Request Acknowledge

4. RRCConnectionReconfiguration

5. RRCConnectionReconfigurationComplete

-

g g g
| 6. WLAN association (if not already|associated) J|
e e o - - e e e e | e . -

7. WLANConnectionStatusReport

(Association Confirmation)

8. RRCConnectionReconfiguration

9. RRCConnectionReconfigurationComplete

-
______________________ 1

Figure 22A.3.1.1-1: LWIP Tunnel for data bearer setup procedure

1. The eNB configures the UEto perform WLAN measurements for LWIP operation.
2. The UE applies the new configuration and replies with RRCConnectionReconfiguration Complete message.

3. UE sends WLAN measurements to theeNB.

3a. The eNB sends the LWIP Addition Request message to request the LW IP-SeGW to allocateresources fora
specific UE, including security material.

3b.If the LWIP-SeGW is able to admit the tunnelrequest, it responds with the LWIP Addition Request
Acknowledge message.

4. The eNB sends the RRCConnectionReconfiguration message to the UEincluding the WLAN mobility set.
5. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message.

6. UE associates with WLAN in consideration ofthe mobility set, ifnot already associated.
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7. UE sends confirmation ofthe WLAN association tothe eNB.

8. The eNB sendsthe RRCConnectionReconfiguration message to the UEincluding the necessary parameters to
establish IPSec tunnel over WLAN and may, configure databearers toutilise the IPsec tunnel.

9. The UE applies the new configuration and replies with RRC ConnectionReconfigurationComplete message.

The UE uses theparameters in the new radio resource configuration to setup the IPsec tunnel with the LWIP-SeGW to
complete the establishmentofthe LWIP tunnel with the eNBoverthe WLAN access. eNBmay add orremove data
bearers to utilise the LWIP tunnelat any time after the establishmentofthe LWIP tunnel by sending the

RRCConnectionReconfiguration message to the UE.
22A.3.1.2 Reconfiguration to Remove WLAN Resources from Data Bearer

Figure 22A.3.1.2-1 shows the procedure ofre-configuring to remove the WLAN radio resources fromthe data bearer.

UE WLAN eNB

A
| 1. UE is configured to receive data |

| for bearer over LWIP Tunnel

| }
| 2. eNB determines to remove WLAN I
| resources from a bearger |

3. RRCConnectionReconfiguration

-

4. RRCConnectionReconfigurationComplete

»

| 5. UE stops receiving data for |
| bearer over LW|P Tunnel

Figure 22A.3.1.2-1: Reconfiguration procedure to remove WLAN resources from a Data Bearer

UE and eNBhave the LWIP tunnelsetup via WLAN.
1. The UEis configuredto receive data froma data bearerover the LWIP tunnel.

2. The eNB determines thatit needs to remove the WLAN resources for the data bearer.

3. The eNB sends the RRCConnectionReconfiguration message to the UEincluding the necessary parameters to
remove WLAN resources forthe data bearer.

4. The UE applies the new configuration and replies with RRC ConnectionReconfigurationComplete message.

5. UE stops receiving dataforthe databeareroverthe LWIP tunnel.

22A3.1.3  LWIP Tunnel Release
Figure 22A.3.1.3-1 shows the procedure ofeNB initiated LWIP tunnelrelease.
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P —— e e —s —————————
| 1. eNB determines to felease the LWIP |
] tunnel with the UE. |

2. RRCConnectionReconfiguration

A

3. RRCConnectionReconfigurationComplete

4. UE releases|IPsec tunnel and |
I_associated bedrer configuration |

5. LWIP-SeGW Tunnel Release Request

<
-

Figure 22A.3.1.3-1: LWIP tunnel release procedure

UE and eNBhave the LWIP tunnelsetup via WLAN.

1. The eNB determines thatit needs to release the LWIP tunnel and initiates therelease ofthe IPsec tunnel between
the UE and LWIP-SeGW.

2. The eNB sends the RRCConnectionReconfiguration message to the UEincluding the indication to release the
LWIP tunnel.

3. The UE applies the new configuration and replies with the RRC ConnectionReconfiguration Complete message.
4. The UEreleases theIPsec tunnel and associated data bearer configuration, and terminates the LW IP tunnel.

5. TheeNB sends the LWIP-SeGW Tunnel Release Request messageto release remaining resources at the LWIP-
SeGW.

22A.3.2 Network Interfaces
22A.3.2.1 General

The eNB is connected to one or more LWIP-SeGW s via an Xw interface. In addition to the functionality described in
this section andin TS 33.401[22], LWIP-SeGW supports the subsetof WT functionality and additional functionality

required to support LWIP.
22A3.2.2 User Plane

The Xw userplane interface (Xw-U) is used between eNBand LWIP-SeGW . The Xw-U interface is usedto deliver
LWIPEP PDUs between eNB and LW IP-SeGW using a single tunnel for all bearers configured for LWIP. The Xw-U
interface supports flow control based on feedback from LW IP-SeGW .

22A.3.2.3  Control Plane
The Xw controlplaneinterface (Xw-C)is used between eNBand LW IP-SeGW.
The LWIP-SeGW supports the following functions:
- Transferof WLAN metrics (e.g. bssload) from LWIP-SeGW to eNB;
- Support of LWIP for UE in ECM-CONNECTED:
- Establishment, Modificationand Release ofa IPSec tunnelbetweenthe UEand the LWIP-SeGW ;

- General Xw management and error handling functions:
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- Error indication;
- Setting up the Xw;
- Resettingthe Xw;

- Updating the configuration data.

22B  Xw Interface
22B.1 User Plane

The Xw userplane interface (Xw-U)is defined betweeneNBand WT. The Xw-U interface provides non guaranteed
delivery ofuser plane PDUs. Theuser plane protocol stack on the Xw interface is shown in Figure 22B.1-1. The
transport network layeris built on IP transport and GTP-U is used on top of UDP/IP to carry the user plane PDUs.

User plane PDUs

1P

Data link layer

Physical layer

Figure 22B.1-1: Xw Interface User Plane

ForLWA, if Xw-U userdata bearers are associated with E-RA Bs for which the LW A bearer s configured, GTP-U
conveys LWAAP PDUs and a RAN Container containing flow control information. The RAN Container is carried in
the "RAN Container" field ofthe GTP-U extension header.

Forthe transferofthe uplink data, the WT may use either separate GTP-U tunnels as configured foreach LW A bearer
(based onthe DRBIdentity), ora single GTP-U tunnel. In the latter case, the WT shallusethe tunnel associated with

the lowest EERABID.

22B.2 Control Plane

The Xw controlplaneinterface (Xw-C)is defined betweenan eNBand a WT. The control plane protocol stack ofthe
Xw interface is shownon Figure 22B.2-1 below. The transportnetwork layeris built on SCTP on top of IP. The
application layer signalling protocol is referred to as Xw-AP (Xw Application Protocol).
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Xw-AP

SCTP

1P

Data link layer

Physical layer

Figure 22B.2-1: Xw Interface Control Plane

22B.2.1 Xw-CP Functions

The elementary functions supported by the Xw-AP protocol are listed in TS 36.463 [69].
22B.2.2 Xw-CP Procedures

The elementary procedures supported by the Xw-AP protocol are listed in TS 36.463 [69].

22B.2.21 WT Addition Preparation procedure

The WT Addition Preparation procedure is initiated by the eNB to requestthe WT to establish LW A bearer(s) fora
specific UE.

eNB WT

Xw-AP: WT ADDITION REQUEST

v

Xw-AP: WT ADDITION REQUEST ACKNOWLEDGE

P
<

Xw-AP: WT ADDITION REQUEST REJECT

<&
<

Figure 22B.2.2.1-1: WT Addition Preparation procedure

The eNB sendsa WT ADDITION REQUEST message to the WT includingthe LW A bearer(s) for the specific UE.

In case oneormore GTP tunnel(s) at the WT has been established successfully, the WT responds witha WT
ADDITION REQUEST ACKNOW LEDGE message, which includes successfully established and failed to be

established bearers for LWA.
In case WT addition is notsuccessful, the WT responds with WT ADDITION REQUEST REJECT message instead.

22B.2.2.2  WT Association Confirmation procedure

The WT Association Confirmation procedure is initiated by the WT to giveconfirmationto theeNBaboutthe
association establishment between a specific UE and the WLAN.
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eNB WT

Xw-AP: WT ASSOCIATION CONFIRMATION

d
<«

Figure 22B.2.2.2-1: WT Association Confirmation procedure

22B.2.2.3 eNB initiated WT Modification Preparation procedure

The eNB initiated W T Modification Preparation procedureis initiated by the eNBto requestthe WT to modify LW A
bearer(s) foraspecific UE at the WT.

eNB WT

Xw-AP: WT MODIFICATION REQUEST

»
»

Xw-AP: WT MODIFICATION REQUEST ACKNOWLEDGE

P
<

Xw-AP: WT MODIFICATION REQUEST REJECT

P
<

Figure 22B.2.2.3-1: eNB initiated WT Modification Preparation procedure

The eNB sends a WT MODIFICATION REQUEST messageto the WT including the LW A bearer(s) for the specific
UE.

In case resource modification at the W T has been performed successfully, the WT responds witha WT
MODIFICATION REQUEST ACKNOWLEDGE message.

In case the WT modificationis not successful the WT responds with a WT MODIFICA TION REQUEST REJECT
messageinstead.

22B.2.2.4  WTinitiated WT Modification procedure

The WT initiated W T Modification Preparation procedure is initiated by the WT to requestthe eNB to modify the
WLAN resources for the specific UE.
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eNB WT

Xw-AP: WT MODIFICATION REQUIRED

A

Xw-AP: WT MODIFICATION CONFIRM

Figure 22B.2.2.4-1: WT initiated WT Modification procedure

The WT sendsa WT MODIFICATION REQUIRED message to the eNBto requestto modify the WLAN resources for
the specific UE.

If the WT modification is successful, the eNBreplies with a WT MODIFICATION CONFIRM message.
22B.2.2.5 eNB initiated WT Release procedure

The eNB initiated W T Releaseprocedure is triggered by the eNB to initiate the release ofthe resources fora specific
UE atthe WT.

eNB WT

Xw-AP: WT RELEASE REQUEST

v

Figure 22B.2.2.5-1: eNB initiated WT Release procedure

22B.2.2.6  WTinitiated WT Release procedure

The WT initiated WT Release procedure is triggered by the WT to initiate therelease ofthe resources fora specific UE
atthe WT.

eNB WT

Xw-AP: WT RELEASE REQUIRED

A

Xw-AP: WT RELEASE CONFIRM

v

Figure 22B.2.2.6-1: WT initiated WT Release procedure

The WT sendsa WT RELEASE REQUIRED message to theeNBto requestthe release ofthe allocated WLAN
resources forthe specific UE.

Ifthe WT release is successful, eNBreplies with a WT RELEASE CONFIRM message.

22B.2.2.7  WT Status Reporting Initiation

The WT Status Reporting Initiation procedure is used by theeNB to request measurements fromthe WT.
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eNB WT

Xw-AP: WT STATUS REQUEST

v

Xw-AP: WT STATUS RESPONSE

&
<

Xw-AP: WT STATUS FAILURE

<
<

Figure 22B.2.2.7-1: WT Status Reporting Initiation procedure

The eNB sendsa WT STATUS REQUEST message to the WT to request measurements fromthe WT.

In case the requested measurements are successfully initiated, the W T responds with a WT STATUS RESPONSE
message.

In case none ofthe requested measurements can be initiated, the WT responds witha WT STATUS FAILURE message
instead.

22B.2.2.8 WT Status Reporting

The WT Status Reporting procedure reports measurement results requested by theeNB as describedin 22B.2.2.7.

eNB WT

Xw-AP: WT STATUS REPORT

A

Figure 22B.2.2.8-1: WT Status Reporting procedure

22B.2.2.9  Xw Setup procedure

The purposeofthe Xw Setup procedure initiated by the eNB s to exchange application level data needed foreNB and
WT to interoperate correctly over the Xw interface. The Xw Setup procedure is triggered by the eNB. The Xw Setup
procedure is the first Xw-AP procedure which will be executed.
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eNB WT

Xw-AP: Xw SETUP REQUEST

v

Xw-AP: Xw SETUP RESPONSE

<&
«

Xw-AP: Xw SETUP FAILURE

<&
<

Figure 22B.2.2.9-1: Xw Setup procedure

The eNB sends an Xw SETUP REQUEST message to the WT.

In case Xw setup has been performed successfully by the WT, the W Tresponds with an Xw SETUP RESPONSE
message.

In case Xw setup is notsuccessful, the WT responds with an Xw SETUP FAILURE message instead.

22B.2.2.10 WT Configuration Update procedure

The purposeofthe WT Configuration Update procedure initiated by the WT is to update application level configuration
dataneeded forthe WT to interoperate correctly overthe Xw interface.

eNB WT

Xw-AP: WT CONFIGURATION UPDATE

<

Xw-AP: WT CONFIGURATION UPDATE ACKNOWLEDGE

»
»

Xw-AP: WT CONFIGURATION UPDATE FAILURE

v

Figure 22B.2.2.10-1: WT Configuration Update procedure

The WT sendsa WT CONFIGURATION UPDATE message to theeNB.

In case WT Configuration Update procedure has been performed successfully by theeNB, the eNBresponds witha WT
CONFIGURATION UPDATE ACKNOWLEDGE message.

In case WT Configuration Update procedure is not successful, the eNB responds with a WT CONFIGURA TION
UPDATEFAILURE message instead.

22B.2.2.11  Error Indication procedure

The Error Indication procedure is initiated by the eNB orthe WT, to report an error situation in a received message,
provided it cannot be reported by an appropriate failure message.
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22B.2.2.11.1 WT initiated error indication

eNB WT

Xw-AP: ERROR INDICATION

A

Figure 22B.2.2.11.1-1: Error Indication procedure initiated by WT

The WT sends the ERROR INDICATION messageto report the eNB which kind oferror occured.
22B.2.2.11.2  eNB initiated error indication

eNB WT

Xw-AP: ERROR INDICATION

v

Figure 22B.2.2.11.2-1: Error Indication procedure initiated by e NB

The eNB sends the ERROR INDICATION message to report the WT whichkind oferror occured.
22B.2.2.12 Reset procedure

The Reset procedure is initiated by the eNB/WT to align theresources with the WT/eNB in the event ofan abnormal
failure. The procedure resets the whole Xw interface.

22B.2.2.12.1 WT initiated reset

eNB WT

Xw-AP: RESET

A

Xw-AP: RESET RESPONSE

v

Figure 22B.2.2.12.1-1: Reset procedure initiated by WT

The WT triggers the RESET message toindicate that an initialisation in the eNB s required. The eNBreleases the
corresponding references andresources.

A fterwards the eNB sends the RESET RESPONSE message to confirmthat the resources and references are cleared.
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22B.2.2.12.2 eNB initiated reset

eNB WT

Xw-AP: RESET

v

Xw-AP: RESET RESPONSE

A

Figure 22B.2.2.12.2-1: Reset procedure initiated by eNB

The eNB triggers the RESET message to indicate thatan initialisation in the WT is required. The W Treleases the
corresponding references and res ources.

A fterwards the WTsends the RESET RESPONSE message to confirmthat the resources and references are cleared.

22B.2.2.13 LWIP Addition Preparation procedure

The LWIP Addition Preparation procedure is initiated by theeNB to requestthe LWIP-SeGW to establish LWIP bearer
for a specific UE.

eNB L-
SeGW

Xw-AP: LWIP ADDITION REQUEST
Xw AP: LWIP ADDITION REQUEST ACKNOWLEDGE

&
<

Xw-AP: LWIP ADDITION REQUEST REJECT

<
<

Figure 22B.2.2.13-1: LWIP-SeGW Addition Preparation procedure

The eNB sends a LWIP ADDITION REQUEST message to the LWIP-SeGW including security information forthe
specific UE.

In case the GTP tunnel at the LWIP-SeGW has been established successfully, the LW IP-SeGW responds with a LWIP
ADDITION REQUEST ACKNOWLEDGE message.

In case LWIP-SeGW Additionis notsuccessful, the LWIP-SeGW responds with LWIP ADDITION REQUEST
REJECT message instead.

22B.2.2.14 eNB initiated LWIP Modification Preparation procedure

The eNB initiated LWIP Modification Preparation procedure is initiated by the eNBto requestthe LWIP-SeGW to
modify resources foraspecific UE at the LWIP-SeGW.
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eNB L-
SeGW

Xw-AP: LWIP MODIFICATION REQUEST

[
»

Xw-AP: LWIP MODIFICATION REQUEST ACKNOWLEDGIE

&
<«

XwAP: LWIP MODIFICATION REQUEST REJECT

<
<

Figure 22B.2.2.14-1: eNB initiated LWIP-SeGW Modification Preparation procedure

The eNB sends a LWIP MODIFICATION REQUEST messageto the LWIP-SeGW including requested modifications.

In case resource modification at the LWIP-SeGW has been performed successfully, the LWIP-SeGW responds with a
LWIP MODIFICATION REQUEST ACKNOW LEDGE message.

In case the LWIP-SeGW modification is notsuccessful the LWIP-SeGW responds with a LWIP MODIFICATION
REQUEST REJECT messageinstead.

22B.2.2.15 eNB initiated LWIP Release procedure

The eNB initiated LWIP Release procedureis triggered by the eNB to initiate the release ofthe resources fora specific
UE at the LWIP-SeGW.

eNB L-
SeGW

Xw-AP: LWIP RELEASE REQUEST

v

Figure 22B.2.2.15-1: eNB initiated LWIP-SeGW Release procedure

22B.2.2.16 LWIP-SeGW initiated LWIP Release procedure

The LWIP-SeGW initiated LWIP Release procedure is triggered by the LWIP-SeGW to initiate the releaseofthe
resources fora specific UEat the LWIP-SeGW .

eNB L-
SeGW

Xw-AP: LWIP RELEASE REQUIRED

A

Xw-AP: LWIP RELEASE CONFIRM

v

Figure 22B.2.2.16-1: LWIP-SeGW initiated LWIP-SeGW Release procedure

The LWIP-SeGW sends a LWIP RELEA SE REQUIRED message to the eNBto request therelease ofthe allocated
WLANTresources forthe specific UE.

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 288



Release 15 289 3GPP TS 36.300 V15.0.0 (2017-12)

If the LWIP-SeGW release is successful, eNBreplies with a LWIP RELEASE CONFIRM message.

23 Others

23.1  Support for real time IMS services
23.1.1 IMS Emergency Call

IMS emergency calls are supported in this release ofthe specificationand UEmay initiate an IMS emergency callon
the PS domain if the network supports it. IMS Emergency call support indication is provided to informthe UE that
emergency bearer services are supported. This is sent via NAS messaging fornormal service mode UEand viaa BCCH
indicator for limited service mode UETS 23.401 [17]. The BCCH indicatoris set to ‘support’ ifany ofthe MMEs in a

non-shared environment orone of PLMNs in a shared network environment supports IMS emergency bearer services.

If at the time of an IMS emergency call origination, the UEis already RRC connected to a CN that does not support
IMS emergency calls, it should autonomously release the RRC connectionand originate a fresh RRC connectionin a
cell that is capable ofhandling emergency calls. Calladmission control for IMS emergency callis based onbearer QoS
(e.g.the ARP).

Security procedures are activated for emergency calls. For UEin limited service mode andthe UEis not authenticated
(as defined in TS 33.401 Section 15.2.2 [22]), ‘NULL’ algorithms for ciphering and integrity protectionare used and
the related keys are set to specified valueand may be ignored by thereceivingnode. During handover fromcell in non-
restricted area torestricted area, security is handled normally with normalkey derivation etc. forboththeintra-LTEand
inter-RAT handover. Forinter-RAT handover fromLTE, if ‘NULL’ Integrity Protection algorithms are usedin LTE,
security is stopped after the handover. Forinter-RA T handover to LTE, security is activated after the handover with
‘NULL’ algorithms ifsecurity is notactivated in the source RAT.

23.2  Subscriber and equipment trace

Support for subscriber and equipment trace for EEUTRAN and EPC shallbe as specified in TS 32.421 [29], TS 32.422
[30] and TS 32.423 [31].

23.2.1 Signalling activation

All traces are initiated by the corenetwork, evenifthe trace shall be carried out in the radio network.

If the eNB has receivedan UECONTEXT RELEASE COMMAND message where the UEis associated to an E-
UTRAN Trace Id then the eNB shall terminate the on-going Trace.

The following functionality is needed on the S1and X2 interface:

- Support forinclusionofsubscriberand equipmenttrace informationin INITIALCONTEXT SETUP REQUEST
messageovertheS1interface.

- Support foran explicit TRACE START messageoverthe S1 interface.

- Support forinclusionofsubscriberand equipmenttrace informationin the HANDOVER REQUEST message
overthe X2 interface.

- Support forinclusionofsubscriberand equipmenttrace informationin the HANDOVER REQUEST message
overthe Slinterface.

- Support for TRACEFAILURE INDICATION for the purpose ofinforming MMEthatthe requested traceaction
cannotbe performed due to anon-going handover preparation overthe X2 interface.

A trace setupin the radio network will be propagated at handover. Ifthe eNBreceives trace information fora given UE,
and a handover preparation is not already ongoing for the same UE, it shall store the trace informationand propagate it
to the target eNB in the case ofa X2 based HO. In the case of S1 based HO, the propagation is handled by the MME.
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23.2.2 Managementactivation

All conditions for Cell Traffic Trace are defined by the O&M. When the conditionto start the tracerecording is fulfilled
the eNBwill allocate a Trace Recording Session Reference and send it together with the Trace Reference to the MME

in a CELL TRAFFICTRACE message overthe S1 interface.

Cell Traffic trace actions willnot be propagated on the X2 interface oron the S1 interface in caseofhandover.

23.3 E-UTRAN Support for Warning Systems

The E-UTRAN provides support for warning systems through means of'systeminformation broadcastcapability. The
E-UTRAN performs scheduling and broadcasting ofthe "warning message content” received fromthe CBC, which is
forwarded to the EEUTRAN by the MME. The schedule information for the broadcast is received along with the
"warning message content” fromthe CBC. The E-UTRAN is also responsible for pagingthe UEto provide indication
that the warning notificationis being broadcast. The "warning message content" received by the EEUTRAN contains an
instance ofthe warning notification. Depending on the size, EEFUTRA N may segment the secondary notification before
sendingit overthe radio interface.

23.3.1  Earthquake and Tsunami Warning System

ETWSis apublic warning systemdeveloped to meet the regulatory requirements for warning notifications related to
earthquake and/or tsunami events. ETW S warning notifications can either be a primary notification (short notifications
delivered within 4 seconds, see TS 25.346 [32]) or secondary notification (providing detailed information). The ETW'S
primary notificationis broadcast in SysteminformationBlockType 10 while the secondary notificationis broadcast in

SystemInformationBlockTypel I .
23.3.2 Commercial Mobile Alert System

CMAS s a public warning systemdeveloped forthe delivery of multiple, concurrent warning notifications (see TS
22.268 [34]). The CMAS warming notifications are short text messages (CMAS alerts). The CMAS warning
notifications are broadcast in SysteminformationBlockTypel2. The EEUTRAN manages the delivery of multiple,
concurrent CMAS warning notifications to the UEand is also responsible for handling any updates of CMAS warning
notifications.

23.3.3 Korean Public Alert System

KPASis a Korean public warning systemdeveloped for the delivery of multiple, concurrent warning notifications (see
TS 22.268 [34]). The Korean Public Alarm System(KPAS)uses thesame AS mechanisms as CMAS. Therefore, the E-
UTRAN procedures defined for CMAS equally apply for KPAS.

23.3.4 EU-Alert

The European Union Warning System EU-Alert is a public warning systemdeveloped forthe delivery of multiple,
concurrent warning notifications (see TS 22.268 [34]). The EU-Alert warning systemuses the same A'S mechanisms as

CMAS. Therefore, the EEFUTRAN procedures defined for CMAS equally apply for EU-Alert.
23.4 Interference avoidance for in-device coexistence
23.4.1 Problems

In orderto allow users to access various networks and services ubiquitously, an increasing number of UEs are equipped
with multiple radio transceivers. Forexample,a UE may be equipped with LTE, WiFi, and Bluetoothtransceivers, and
GNSS receivers. Due to extreme proximity of multiple radio transceivers within thesame UE operating on adjacent
frequencies or sub-harmonic frequencies, the interference power coming froma transmitter ofthe collocated radio may
be much higherthan the actualreceived power level ofthe desired signal forareceiver. This situation causes In-Device
Coexistence (IDC) interference and s referred to as IDCproblems. The challenge lies in avoiding or minimizing IDC
interference between those collocated radio transceivers, as current state-of-the-art filter technology might notprovide
sufficient rejection for certain scenarios (see 3GPP TR 36.816 [50]). IDC problemcan happen whenthe UE (intends to)
uses WLAN on theoverlapped carrier/band or adjacent carrier/band to theunlicensed carrierused for LA A operation,
e.g. when related UE hardware components, such as antennas, are shared between LAA and WLAN operations. Ifthere
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is a risk of IDC problemwhich cannotbe avoided (e.g. by level of regulation), the IDC functionality fora UE shouldbe
configured by theeNB when the UEis configured for LA A operation.

23.4.2 Solutions

When a UEexperiences IDCproblems that it cannotsolve byitselfand a network interventionis required, it sends an
IDC indication via dedicated RRCsignalling to report the IDC problems to theeNB. The UE may rely on existing LTE
measurements and/or UEinternal coordination to assess the interference and the details are left up to UE
implementation.

NOTE: Forinstance, the interference is applicable overseveral subframes/slots where notnecessarily allthe
subframes/slots are affected and consists of interference caused by the aggressorradio to the victimradio
during eitheractivedataexchange orupcoming data activity whichis expected in up to a few hundred

milliseconds.

A UE that supports IDC functionality indicates related capabilities to the network, and the network can then configure
by dedicated signalling whether the UEis allowed to send an IDCindication. The IDCindication canonly be triggered
for frequencies for which a measurementobject is configured and when:

- for the primary frequency, the UEis experiencing IDC problems thatit cannot solve by itself;

- forasecondary frequency, regardless ofthe activation state of the corresponding SCell, the UE is experiencing
or expects to experienceuponactivation IDC problems that it cannotsolve by itself;

- foranon-serving frequency, the UE expects to experience IDC problems thatit cannot solve by itselfif that non-
serving frequency becomes a serving one.

When notified of IDC problems through an IDCindication fromthe UE, the eNB can choose to apply a Frequency
Division Multiplexing (FDM) solution ora Time Division Multiplexing (TDM) solution:

- Thebasic conceptofan FDM solutionis to move the LTEsignalaway fromthe ISM band by e.g., performing
inter-frequency handover within EEUTRAN, removing SCells fromthe set of serving cells orde-activation of
affected SCells, orin case ofuplink CA operations, allocate uplink PRB resources on CC(s) whose inter-
modulation distortion and harmonics does not fall into the frequency range ofthe victimsystemreceiver.

- Thebasic conceptofa TDM solutionis to ensure that transmission ofa radio signal does notcoincide with
reception ofanotherradio signal. LTE DRX mechanismis used to provide TDM patterns (i.e. periods during
which the LTE UE may be scheduled oris not scheduled) to resolve the IDCissues. DRX based TDM solution
shouldbe usedin a predictable way, i.c. the eNBshould ensure a predictable pattern ofunscheduled periods by
means ofe.g. DRX mechanismorde-activation ofaffected SCells.

To assistthe eNB in selectingan appropriate solution, allneces sary/available assistance information forboth FDM and
TDM solutions is sent together in the IDCindication to theeNB. The IDC assistance information contains the list of E-
UTRA carriers suffering fromIDC problems, the direction ofthe interference and, depending on the scenario (see TR
36.816 [50]), it also contains TDM patterns or parameters to enable appropriate DRX configuration for TDM solutions
on the serving E-UTRA carrier. Furthermore, the IDCindication canalso be configured to includeuplink CA related
assistance information containing the victimsystemas well as the list of supported uplink CA combinations suffering
from IDC problems. Furthermore, the IDCindication canalsobe configured to indicatethat the cause of IDC problems
is hardware sharingbetween LA A and WLAN operation, in which case the UEmay omit the TDM assistance
information. The IDCindication is also used to update the IDC assistance information, including for the cases whenthe
UE no longersuffers fromIDC problems. In case of inter-eNB handover, the IDC assistance informationis transferred
fromthe source eNBto the targeteNB.

IDC interferencesituation can be divided into following three phases as shown in Figure 23.4.2-1:

- Phase 1: The UE detects start of IDC interference but does notinitiate the transmis sion ofthe IDC indicationto
the eNByet.

- Phase 2: The UE has initiated the transmission ofthe IDC indication to the eNB and no solutionis yet
configured by theeNBto solve the IDCissue.

- Phase3: The eNB has provided a solutionthat solved the IDC interference to the UE.
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The eNB has provided a solution
that solved the IDC problem

Phase s / /
)

Figure 23.4.2-1: Different phases of IDC interference related operations by UE

The UE detects start
of IDC interference

Phase 1 Phase 2

The UE has initiated the
transmission of the IDC
indication to the eNB

In different phases, UEbehaviours related to RRM, RLM, and CSI measurements are shownin Table 23.4.2-1.
Table 23.4.2-1: RRM/RLM/CSI measurements in different phases of IDC interference

Phases of IDC RRM Measurements RLM Measurements CSl Measurements
Interference
Phase 1 Up to UE implementation Up to UE implementation Up to UE implementation
and RRM measurement and RLM measurement and CSI measurement
requirements (see TS requirements (see TS requirements (see TS
36.133 [21]) apply 36.133 [21]) apply 36.101 [52]) apply
Phase 2 UE shall ensure the UE shall ensure the
measurements are freeof | measurements are free of
IDC interference and IDC interference and RLM
RRM measurement measurement
requirements (see TS requirements (see TS
36.133 [21]) apply 36.133 [21]) apply
(NOTE 1)
Phase 3 UE shall ensure the UE shall ensure the
measurements are freeof | measurements are free of
IDC interference and IDC interference and RLM
RRM measurement measurement
requirements (see TS requirements (see TS
36.133 [21]) apply 36.133 [21]) apply
NOTE 1: The UE should attempt to maintain connectivity to LTE in this phase meaning that RLM measurements
are not impacted by IDC interference. If no solution is provided withina time w hichis up to UE
implementation, the UE may need to declare RLF or it may continue to deny the ISM transmission. In
DC, whenthe UE experiences IDC problems in SCG, if no solution is provided within a time w hichis up
to UE implementation, the UE may need to declare RLF in SCG or it may continue to deny the ISM
transmission in SCG.
NOTE 2: If the UE determines in Phase 2 that the netw orkdoes not provide a solution that resolves its IDC
problems, it performs measurements as defined for Phase 1.
NOTE 3: If the IDC indication message reports the IDC interference on a neighbour frequency, it performs RRM
measurements for that frequency as defined for Phase 2.

In addition, once configured by the network, the UE can autonomously deny LTEUL transmissionin all phases to
protect ISM in rare cases if other solutions cannotbe used. Conversely, it is assumed thatthe UEalso autonomously
denies ISM transmission in order to ensure connectivity with theeNB to performnecessary LTE procedures, e.g., RRC
connectionreconfiguration and paging reception, etc. The network may configurea long-termdenialrate by dedicated
RRC signalling to limit the amount of LTE UL autonomous denials. Otherwise, the UEshallnot performany LTE UL
autonomous denials.

23.5 TDD Enhanced Interference Management and Traffic

Adaptation (eIMTA)

TDD enhanced Interference Management and Traffic Adaptation (eIMTA) allows adaptation ofuplink-downlink
configurationvia L1 signalling. The E-UTRAN configures which UEs are subject to the TDD eIMTA operation.

For Uplink scheduling and HARQ timing, the UE follows the reference uplink-downlink configurationbased ontheone
provided in SIB1. For Downlink HARQ timing, the UE follows the referenceuplink-downlink configuration provided
throughdedicated signalling.
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Downlink subframes in the reference configuration provided in SIB1 remain unchanged whereas only a subset ofuplink
and special subframes may be reconfigured to downlink subframes. EFUTRAN sends a L1 signalling to the UEon PCell
PDCCH to indicate which uplink-downlink configuration defined in TS 36.211 [4] is currently used for one ormore
serving cell(s). This uplink-downlink configuration provided by the L1 signalling applies fora RRC-configured number
ofradio frames.

The UE uses the L1-signalled uplink-downlink configuration for (E)PDCCH monitoring and CSI measurements.
The UE RRM/RLM measurements are not affected by the TDD eIMTA configuration.
For DL CSI measurements of each serving cell, two subframe sets may be configured via RRC signalling.

For PUSCH/SRS UL power controlofeach serving cell, two subframe sets with separate power control parameters may
be configured via RRC signalling.

Subframe-set dependentoverload indication and uplink-downlink configuration intended to be used by a cellmay be
exchanged between eNBs overthe X2 interface to facilitate the TDD eIMTA operation.

23.6 RAN assisted WLAN interworking

This sectiondescribes the mechanisms to supporttraffic steering between EEUTRAN and WLAN.

23.6.1  General principles

This versionofthe specification supports EEFUTRAN assisted UE based bi-directional traffic steering between E-
UTRANand WLAN for UEs in RRC IDLE and RRC_CONNECTED.

E-UTRAN provides assistance parameters via broadcast and dedicated RRC signalling to the UE. The RAN assistance
parameters may include E-UTRAN signal strength thresholds, WLAN channel utilization thresholds, WLAN backhaul
datarate thresholds, WLAN signal strength thresholds and Offload Preference Indicator (OPI). EEFUTRAN can also
provide a list of WLAN identifiers to the UEvia broadcast signalling. The UEuses the RAN assistance parameters in
the evaluation of:

- Access network selectionand traffic steering rules defined in TS 36.304 [11]; or
- ANDSF policies defined in TS 24.312 [58].
for traffic steering decisions between EEFUTRAN and WLAN as specified in TS 23.402[19].
The OPI is only used in ANDSF policies as specified in TS 24.312 [58].
WLAN identifiers are only used in access network selection and traffic steeringrules definedin TS 36.304 [11].

If the UE is provisioned with ANDSF policies it shall forward the received RAN assistance parameters to upper layers,
otherwise it shalluse themin the access network selection and traffic steeringrules defined in section23.6.2 and TS
36.304 [11]. The access network selection and traffic steeringrules defined in section 23.6.2and TS 36.304 [11] are
applied only to the WLANs of which identifiers are provided by the EEUTRAN.

The UE in RRC_CONNECTED shallapply the parameters obtained via dedicated signalling ifsuch have beenreceived
fromthe serving cell; otherwise, the UEshall apply the parameters obtained via broadcast signalling.

The UE in RRC_IDLE shallkeep and apply the parameters obtained via dedicated signalling, until selection/reselection
of anothercellthan the one where these parameters were received or a timer has expired since the UEentered
RRC IDLE upon which the UEshallapply the parameters obtained via broadcastsignalling.

In the case of RAN sharing, each PLMN sharingthe RAN can provide independent sets of RAN assistance parameters.

23.6.2 Access network selection and traffic steering rules

The UE indicates to upper layers when (and for which WLAN identifiers ) access network selection and traffic steering
rules defined in TS 36.304 [11] are fulfilled. The selectionamong WLANs that fulfilthe access network selection and

traffic steeringrules is up to UEimplementation.

When the UE applies the access network selection and traffic steering rules definedin TS 36.304 [11], higherlayers
performtraffic steering between E-FUTRAN and WLAN.
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23.7  Support of Low Complexity UEs

Low complexity UEs are targeted to low-end (e.g. low average revenue peruser, low data rate, delay tolerant)
applications, e.g. some Machine-Type Communications.

A low complexity UE has reduced Txand Rx capabilities compared to other UE of different categories.

A Category Olow complexity UE may accessacellonly if SIBI indicates thataccess of Category 0 UEs is supported. If
the cell does not supportaccess of Category 0 UEs, the UE considers the cellas barred.

The eNB determines thata UE is a Category 0 UE based onthe LCID for CCCH and the UE capability.

The S1 signalling has been extended to include the UE Radio Capability for paging. This paging specific capability
information is provided by theeNBto the MME, and the MME uses this information to indicate tothe eNB that the

paging request fromthe MME concerns a low complexity UE.

23.7a Support of Bandwidth Reduced Low Complexity UEs

A bandwidthreduced low complexity (BL) UE can operate in any LTEsystembandwidth butwith a limited channel
bandwidth of 6 PRBs (corresponding to the maximum channel bandwidth available in a 1.4 MHzLTE system)in
downlinkand uplink.

To enable higher data rates a BL UE can optionally support a larger maximum PDSCH/PUSCH channel bandwidth of
24 PRBs in downlink and a non-BL UE operating in enhanced coverage can optionally support a larger maximum
PDSCH/PUSCH channelbandwidth of24 or 96 PRBs in downlink, and 24 PRBs in uplinkin connected mode for
unicast transmission. Table 23.7.a-1 summarizes the maximum PDSCH/PUSCH bandwidth in connected mode for
unicast transmis sion depending on the UE category and enhanced coverage mode (see section 23.7b). The maximum

PDSCH/PUSCH channelbandwidthis configured separately for PDSCH and PUSCH via dedicated RRCsignaling.
Table 23.7a-1: Maximum PDSCH/PUSCH bandwidth (in PRBs)

UE category/CE mode CE mode A | CE mode B
BL (Category M1) 6/6 6/6
BL (Category M2) 24/24 24/6

Non-BL (Category 0 and higher) | 96 (or 24)/24 | 96 (or 24)/6

A Category M2 BL UE supports a larger DL and UL maximum TBS size for unicastcompared to a Category M1 BL
UE. A Category M1 BL UE may support a larger UL maximum TBS size indicated by a separate UE capability.

A BL UE may accessacellonly if the MIB ofthe cell indicates thatscheduling information for SIB1 specific for BL
UEs is scheduled. Ifnot, the UE considers the cell as barred.

A BL UE receives a separate occurrence of systeminformation blocks (sentusing different time/frequency resources).
A BL UE has a transport block size (TBS) limited to 1000 bit forbroadcast. The BLUE determines thescheduling
information for SIB1 specific for BL UEs based oninformationin MIB. Scheduling information for other SIBs is given
in SIB1 specific for BL UEs. The BCCH modification period for BL UEs is a multiple of the BCCH modification
period provided in SIB2. The SIB transmission occasions within an SI-window are provided in the SIB1 specific for BL
UEs. A BL UE can acquire SImessages across SIwindows. Themaximum number of SI messages thatcan be acquired
across SIwindows is 4. A BL UE is not required to detect SIBchange whenin RRC_CONNECTED.

A BL UE is pagedbased on paging occasions in time domain, and paging narrowbands in frequency domain. The
starting subframe ofa paging occasionis determined in the same way as the pagingoccasionin the legacy paging
mechanism.

A set of PRACH resources (e.g. time, frequency, preamble), each associated with BL UEs in normal coverage, is
provided in SIB. Number of PRA CH repetitions and number of maximum preamble transmission attempts for BL UEs
in normal coverage are provided in SIB. Time/frequency resources and repetition factor forrandomaccess response
messages for BL UEs are derived fromthe used PRACH resources.
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23.7b Support of UEs in Enhanced Coverage

A UE in enhanced coverageis a UE that requires the use ofenhanced coverage functionality to access the cell. In this
release ofthe specification two enhanced coverage modes (mode A, mode B) are supported. The support of enhanced
coveragemode A is mandatory fora BL UE. The maximum PDSCH/PUSCH bandwidth in connected mode forunicast

transmission depends on the UE category and enhanced coverage mode as summarized in table 23.7a-1.

A UE may accessa cellusing enhanced coverage functionality only ifthe MIB ofthe cell indicates that scheduling
information for SIB1 specific for BL UEs is scheduled. Systeminformation procedures for UEs in enhanced coverage
are identical to the systeminformation procedures for bandwidth reduced low complexity UEs. A UE capable of
enhanced coverage acquires, ifneeded, and uses legacy systeminformation when in normal coverageifit is nota BL
UE. A UE capable ofenhanced coverageacquires, ifneeded, and uses systeminformation specific for UEs in enhanced
coverage. A UEin enhanced coverage is notrequired to detect SIBchange whenin RRC_CONNECTED.

A set of PRACH resources (e.g. time, frequency, preamble); each associated with a coverage enhancement level, is
provided in SIB. Number of PRA CH repetitions and number of maximum preamble trans mission attempts per coverage
enhancement level are provided in SIB. UEs in same enhanced coverage level use randomaccess resources associated
with the same enhanced coverage level. Time/frequency resources and repetition factor forrandomaccess response
messages for UEs in enhanced coverage are derived fromthe used PRA CH resources.

A UE in enhanced coverageis paged using thesame mechanismfor paging BLUEs. The startingsubframe ofa paging
occasion and therepetition pattern (in both time and frequency domain for downlink common controlsignaling) ofthat

paging occasionare determined irrespective ofthe UEs enhanced coveragelevel.

The paging request fromthe MME fora UE supportingenhanced coverage functionality may contain enhanced
coveragelevelrelated information and corresponding cell ID.

A UE in RRC _IDLE does not informthe network when it changes the enhanced coverage level.

A UE in enhanced coveragecamps on a suitable cell where S criterion for UEs in enhanced coverage is fullfilled. The
UE shallre-select to inter-frequency cells in which it is able to operate in normal coverageover cells in which it has to
be in enhanced coverage.

Connected mode mobility mechanisms such as measurementreporting, network controlled handover etc., are supported
for UEs in enhanced coverage. Athandover froma source cell in normal orenhanced coverage mode toa target cellin
enhanced coverage mode, the network may provide SIB1-BR to the UE in the handover command. No additional
mechanisms are introduced to supportthe use of enhanced coverage functionality to access an E-UTRA cell during
inter-RA T handovers.

Reconfigurationofa UE in connected mode fromnormalto enhanced coveragemode (and vice versa) is supported by a
means ofintra-cellhandover or RRC configuration without handover.

23.8  Support for Radio Interface based Synchronization

Radio-interface based synchronization (RIBS) enables an eNB to monitor the reference signals ofanother eNB for the
purpose of overthe airsynchronizationby means ofnetwork listening. This requires OAM to configure the eNBs with
reference signal information, i.e. pattern, periodicity and offset, where thereference signals are available. The OAM
should coordinate the reference signal information, for example via one to one mappingbetween stratumleveland
reference signal. To improve the hearability ofreference signals, the listening eNB may request the interfering eNB(s)

to enable subframe muting by means of network signalling.

23.9 Network-assisted interference cancellation/suppression

A UE that supports network assisted interference cancellation/suppression (NAICS) receiver functionality can mitigate
PDSCH and CRS interference fromaggressor cells in orderto betterreceive a PDSCH from its serving cell.

The network may configure the UEwith NAICS information ofthe aggressor cells in orderto help the UEto mitigate
the PDSCH and CRS interference oftheaggressor cells. To support NAICS, an eNB may exchange NAICS information
with its neighbour eNBs through X2 signalling.
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23.10 Support for sidelink communication
23.10.1 General

Sidelink communication is a mode of communication whereby UEs can communicate with each other directly overthe
PC5 interface [62]. This communication mode is supported when the UEis served by EEUTRAN and whenthe UEis
outside of E-UTRA coverage. Only those UEs authorised tobe used for public safety operation can performsidelink
communication.

In orderto performsynchronisation for outofcoverage operation UE(s) may act as a synchronisationsource by
transmitting SBCCH and a synchronisation signal. SBCCH carries the most essential systeminformation needed to
receive othersidelink channels and signals. SBCCH along with a synchronisation signal is trans mitted with a fixed
periodicity of40ms. When the UEis in network coverage, the contents of SBCCH are derived fromthe parameters
signalled by theeNB. Whenthe UEis out ofcoverage, ifthe UE selects another UE as a synchronisation reference,
then the content of SBCCH is derived fromthe received SBCCH; otherwise UEuses pre-configured parameters. SIB18
provides the resource information for synchronisation signal and SBCCH transmis sion. There are two pre-configured
subframes every40ms forout of coverage operation. UEreceives synchronisation signaland SBCCH in one subframe
and transmit synchronisation signal and SBCCH on another subframe if UE becomes synchronisation source based on
defined criterion [16].

UE performs sidelink communication onsubframes defined over the duration of Sidelink Control period. The Sidelink
Controlperiod is the period over which resources allocated in a cell for sidelink control information and sidelink data
trans missions occur. Within the Sidelink Control period the UEsends sidelink control information followed by sidelink
data. Sidelink controlinformation indicates a Layer 1 ID and characteristics ofthetransmissions (e.g. MCS, location of
the resource(s) overthe duration of Sidelink Control period, timing alignment).

The UE performs transmission andreception over Uu and PC5 with the following decreasing priority orderin case
Sidelink Discovery Gap is not configured:

- Uu transmission/reception (highest priority);
- PCS5 sidelink communication transmission/reception;
- PCS sidelink discovery announcement/monitoring (lowest priority).

The UE performs transmission and reception over Uu and PC5 with the following decreasing priority orderin case
Sidelink Discovery Gap is configured:

- Uu transmission/reception for RACH;

- PCS5 sidelink discovery announcementduring a Sidelink Discovery Gap for transmission;
- Non-RACH Uu transmission;

- PGS sidelink discovery monitoring during a Sidelink Discovery Gap forreception;

- Non-RACH Uu reception;

- PCS5 sidelink communication transmission/reception.

23.10.2 Radio Protocol Architecture

In this subclause, the UEradio protocolarchitecture for sidelink communication is given for the user planeand the
controlplane.

23.10.2.1 User plane

Figure 23.10.2.1-1 shows the protocol stack forthe userplane, where PDCP, RLC and MA Csublayers (terminate at the
other UE) performthe functions listed for the user plane in subclause 6.

The Access Stratumprotocol stack in the PCS interface consists of PDCP, RLC, MACand PHY as shown below in
Figure 23.10.2.1-1.

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 296



Release 15 297 3GPP TS 36.300 V15.0.0 (2017-12)

UE A ‘uEB
RLC < > RLC
PHY < > PHY
,,,,,,,,,,,,,,,,,,,,,,,,, PC5-U

Figure 23.10.2.1-1: User-Plane protocol stack for sidelink communication

Userplane details of sidelink communication:
- Thereis no HARQ feedback forsidelink communication;
- RLC UM is used forsidelink communication;
- Areceiving UE needs to maintain at least one RLC UM entity per transmitting peer UE;

- Areceiving RLC UM entity used forsidelink communication does not need to be configured prior to reception
ofthe first RLC UMD PDU;

- ROHC Unidirectional Modeis used for header compression in PDCP for sidelink communication.

A UE may establishmultiple logical channels. LCID included within the M ACsubheader uniquely identifies a logical
channel within the scope ofone Source Layer-2 ID and Destination Layer-2 ID combination. Parameters for logical
channel prioritization are not configured. The Access stratum(AS)is provided with the PPPP ofa protocol data unit
transmitted over PCS interface by higherlayer. Thereis a PPPP associated with eachlogical channel.

23.10.2.2 Control plane

A UE does not establishand maintain a logical connection to receiving UEs prior to one-to-many a sidelink
communication. Higher layer establishes and maintains a logical connection for one-to-one sidelink communication
including ProSe UE-to-Network Relay operation.

The Access Stratumprotocol stack for SBCCH in the PC5 interface consists of RRC, RLC, MACand PHY as shown
belowin Figure 23.10.2.2-1.

UE A ‘vEs
RLC < > RLC
PHY > PHY
,,,,,,,,,,,,,,,,,,,,,,,,, PC5-C

Figure 23.10.2.2-1: Control-Plane protocol stack for SBCCH

The controlplane forestablishing, maintaining and releasing the logical connection for one-to-one sidelink
communication is shown in Figure 23.10.2.2-2.
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Figure 23.10.2.2-2: Control-Plane protocol stack for one-to-one sidelink communication

23.10.3 Radio resource allocation

The UE supporting sidelink communication canoperate in two modes forresource allocation:
- Scheduledresource allocationis characterized by:
- TheUEneeds to be RRC_ CONNECTED in orderto transmit data;

- The UErequests transmission resources fromthe eNB. The eNB schedules transmission resources for
transmis sion of sidelink control information and data;

- The UE sends aschedulingrequest(D-SR or Random A ccess) to the eNB followed by a Sidelink BSR.
Based on the Sidelink BSR the eNB can determine thatthe UEhas data fora sidelink communication
transmis sion and estimate the resources needed for transmission. eNB can schedule transmission

resources for sidelink communication using configured SL-RNTT.
- UE autonomous resourceselection is characterized by:

- A UE onits own selects resources fromresource pools and performs transport format selection to transmit
sidelink controlinformation and data;

- There can be up to 8 transmission pools either pre-configured for out of coverage operation or provided by
RRC signalling forin-coverage operation. Each poolcan haveone ormore PPPP associated with it. For
transmissionofa MACPDU, the UE selects a transmission pool in which one ofthe associated PPPP is
equalto the PPPP ofa logical channel with highest PPPP among the logical channelidentified in the MAC
PDU. It is up to UE implementation how the UEselects amongst multiple pools with same associated PPPP.
There is a one to one association between sidelink control pool and sidelink datapool;

- Oncetheresourcepoolis selected, the selection is valid for the entire Sidelink Control period. Afterthe
Sidelink Controlperiod is finished the UEmay performresource pool selection again.

NOTE: TheUEis allowed to performmultiple transmissions to different destinations in a single Sidelink Control
period.

A UE in RRC_CONNECTED may send a Sidelink UE Information message to eNBwhen UEbecomes interested in
sidelink communication. In response eNB may configure the UEwith a SL-RNTT.

A UE is considered in-coverage for sidelink communication whenever it detects a cellon a Public Safety ProSe Carrier
as per criteria specified in [16]. The following rules apply forthe UE:

- Ifthe UE is out of coverage for sidelink communication it can only use UE autonomous resourceselection;

- Ifthe UE is in coverage forsidelink communication it may use scheduled res ource allocation or UE autonomous
resourceselectionas per eNB configuration;

- Ifthe UE is in coverage forsidelink communication it shalluse only the resourceallocation mode indicated by
eNB configuration unless one ofthe exceptional cases as specified in [16] occurs:

- When an exceptional caseoccurs the UEis allowed to use UEautonomous resource selection temporarily
even though it was configured to use scheduled resource allocation. Resource poolto be used during
exceptional casemay be providedby eNB.
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A UE thatis camped or connected on one carrier frequency butinterested in sidelink communication operation on
another carrier frequency (i.e. Public Safety ProSe Carrier) shall attempt to find cells on the Public Safety ProSe
Carrier.

An RRC IDLE UE camped on a cellin another carrier frequency, but in the coveragearea ofan E-UTRA cell
on Public Safety ProSe Carrier may consider the Public Safety ProSe carrier to be the highest priority;and
reselects to thecell on the Public Safety ProSe Carrier. UE may consider a frequency (non-Public Safety ProSe
carrier) to be the highestpriority ifit can performsidelink communication only while camping onthe frequency.

An RRC CONNECTED UE served by a cellin another carrier frequency may send a Sidelink UE Information
messageto its serving cell when it wants to performsidelink communication. Theindication contains the
intended Public Safety ProSe Carrier:

- Theservingcellindicates with the presence of SIB18 whether the UE s allowed to send a ProSe UE
Information indication;

- Theservingcellmay configure an inter-frequency RRM measurement on the Public Safety ProSe Carrier;

- Oncethe UE enters coverage ofa cell on the Public Safety ProSe Carrier, based on measurement report the
eNB performs inter-frequency mobility to the Public Safety ProSe Carrier;

- Ifinter-frequency mobility is not performed by the serving cell (e.g. the serving cell does not broadcast
SIB18 or if handover fails), the UEmay still performsidelink communication using UEautonomous resource
selection fromthe resource pools, ifany, broadcasted by the detected E-UTRA cell on the Public Safety
ProSe Carrier.

If the UE does not detect an E-UTRA cell on the Public Safety ProSe Carrier, the UE can use Public Safety
ProSe Carrier resources preconfigured in the UICC or ME for out of coverage sidelink communication;

Ifthe UE detects an E-UTRA cell on the Public Safety ProSe Carrier, the UEstops using resources
preconfigured in the UICC or ME. UE may use UE autonomous resource selection fromthe resource pools, if
any, broadcasted by the detected EFUTRA cell on the Public Safety ProSe Carrier.

NOTE: ForRel-12 all ProSe communication (fora UE) is performed on a single preconfigured Public Safety

ProSe Carrier, which is valid in the operating region. Higher layers check validity ofthe Public Safety
ProSe Carrier in the operatingregion.

The cell on the Public Safety ProSe Carrier may select one ofthe following options:

The cell on the Public Safety ProSe Carrier may provide a transmission resource pool for UE autonomous
resourceselectionin SIB18:

- UEs thatare authorized for sidelink communication may use theseresources for sidelink communication in
RRC IDLE in the cellon the same carrier (i.e. Public Safety ProSe Carrier);

- UEs thatare authorized for sidelink communication may use theseresources for sidelink communication in
RRC IDLE orRRC CONNECTED in a cell on another carrier.

The cell on the Public Safety ProSe Carrier may indicate in SIB18 that it supports sidelink communication but
does notprovidetransmission resources. UEs need toenter RRC_CONNECTED to performsidelink
communication transmission. In this case the cell on the Public Safety ProSe Carrier may provide in broadcast
signalling an exceptional transmissionresource pool for UE autonomous resource selection, to be used by the
UE in exceptional cases, as specified in [16]:

- AUE in RRC_CONNECTED that is authorized to performsidelink communication transmission indicates to
the servingeNB that it wants to performsidelink communication transmis sions;

- TheeNB validates whetherthe UEis authorized forsidelink communication transmis sion usingthe UE
context received fromMME;

- The eNB may configure a UE by dedicated signalling with a transmission resource pool for UE autonomous
resourceselection; thatmay be used withoutconstraints while the UEis in RRC_CONNECTED.
Alternatively, the eNB may configure a UE to use the exceptional transmission resource pool for UE
autonomous resource selection which the UEis allowed to use only in exceptional cases, as specified in [16],
and rely on scheduledresource allocation otherwise.
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23.10.3.1 Resource Pool for sidelink control information

A set oftransmission and reception resource pools for sidelink control information when the UEis out of coverage for
sidelink communication is pre-configured in the UE.

The resource pools forsidelink control information when the UEis in coverage for sidelink communication are
configuredas below:

- Theresource poolsused forreception are configured by theeNB via RRC, in broadcast signalling;

- Theresource poolusedfortransmissionis configured by theeNBvia RRC, in dedicated or broadcastsignalling,
if UE autonomous resourceselection is used;

- Theresource poolused fortransmissionis configured by theeNBvia RRC, in dedicated signalling if scheduled
resourceallocation is used:

- TheeNB schedules the specific resource(s) for sidelink control information transmis sion within the
configuredreceptionpools.

NOTE: In orderto performcommunicationeven whensome UEs are in-coverage and some UEs are out of
coverage, allUEs (i.e. both in and out of coverage) should be configured with resource pools for
reception of sidelink control information which are the union ofthe resource pools used for transmission
of sidelink control information froma)the servingcell,b) neighbourcells and c) out of coverage (i.e. pre-
configured transmission resource pools).

23.10.3.2 Resource Pool for sidelink data

A set oftransmission and reception resource pools fordata whenthe UEis out of coverage for sidelink communication
is pre-configured in the UE.

The resource pools for data whenthe UEis in coverage forsidelink communication are configured as below:

- Theresource poolsused fortransmissionand reception are configured by the eNB via RRC, in dedicated or
broadcast signalling, if UE autonomous resource selectionis used;

- Thereis no resource pool for transmission andreception if scheduled resourceallocation is used.

23.10.4 Sidelink Communication via ProSe UE-to-Network Relay

A ProSe UE-to-Network Relay provides a generic L3 forwarding functionthat can relay any type of IP traffic between
the Remote UE and the network. One-to-one and one-to-many sidelink communications are used between the Remote
UE(s) and the ProSe UE-to-Network Relay. For both Remote UEand Relay UE only one single carrier (i.e., Public
Safety ProSe Carrier) operationis supported (i.e., Uu and PCS should be same carrier for Relay/ Remote UE). The
Remote UE is authorised by upper layers and canbe in-coverage ofthe Public Safety ProSe Carrier or out-of-coverage
on any supported carriers including Public Safety ProSe Carrier for UE-to-Network Relay discovery, (re)selection and
communication. The ProSe UE-to-Network Relay is always in-coverage of EUTRAN. The ProSe UE-to-Network Relay
and the Remote UE perform sidelink communicationand sidelink discovery as described in section 23.10and 23.11

respectively.
The eNB controls whether the UEcan act as a ProSe UE-to-Network Relay:

- Ifthe eNB broadcast any information associated to ProSe UE-to-Network Relay operation, then ProSe UE-to-
Network Relay operationis supportedin the cell;

- The eNB may provide:

- Transmissionresources for ProSe UE-to-Network Relay discoveryusing broadcastsignalling for RRC IDLE
state and dedicated signalling for RRC CONNECTED state;

- Reception resources for ProSe UE-to-Network Relay discovery using broadcast signalling;

- TheeNB may broadcasts a minimum and/ora maximum Uu link quality (RSRP) threshold(s) that the ProSe
UE-to-Network Relay needs to respect before it can initiate a UE-to-Network Relay discovery procedure. In
RRC _IDLE, when the eNBbroadcasts transmis sion resource pools, the UEuses the threshold(s) to
autonomouslystartor stop the UE-to-Network Relay discovery procedure. In RRC_CONNECTED, the UE
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uses the threshold(s) to determine if it can indicate to eNBthat it is a Relay UE and wants to start ProSe UE-
to-Network Relay discovery;

- IftheeNB does not broadcast transmission res ource pools for ProSe-UE-to-Network Relay discovery, thena
UE can initiate a request for ProSe-UE-to-Network Relay discovery resources by dedicated signalling,
respecting these broadcasted threshold(s).

- Ifthe ProSe-UE-to-Network Relay is initiated by broadcast signalling, it can perform ProSe UE-to-Network
Relay discovery whenin RRC _IDLE. If the ProSe UE-to-Network Relay is initiated by dedicated signalling, it
can performrelay discovery as long asitis in RRC_CONNECTED.

A ProSe UE-to-Network Relay performing sidelink communication for ProSe UE-to-Network Relay operation has tobe
in RRC_CONNECTED. Afterreceiving a layer-2 link establishment request or TMGI monitoring request (upper layer
message) [62] from the Remote UE, the ProSe UE-to-Network Relay indicates to theeNB that it is a ProSe UE-to-
Network Relay and intends to performProSe UE-to-Network Relay sidelink communication. The eNB may provide
resources for ProSe UE-to-Network Relay communication.

The remote UE can decide when to start monitoring for ProSe UE-to-Network Relay discovery. The Remote UEcan
transmit ProSe UE-to-Network Relay discovery solicitation messages while in RRC_IDLE or in RRC_CONNECTED
depending on the configuration ofresources for ProSe UE-to-Network Relay discovery. TheeNB may broadcasta
threshold, whichis used by the Remote UEto determine ifit can transmit ProSe UE-to-Network Relay discovery
solicitation messages, to connect or communicate with ProSe UE-to-Network Relay UE. The RRC_CONNECTED
Remote UE, uses the broadcasted threshold to determine if it can indicate to eNB that it is a Remote UE and wants to
participate in ProSe UE-to-Network Relay discovery and/or communication. The eNB may provide, transmission
resources using broadcast or dedicated signalling and reception res ources using broadcast signalling for ProSe UE-to-
Network Relay Operation. The Remote UE stops using ProSe UE-to-Network Relay discovery and communication
resources when RSRP goes abovethe broadcasted threshold.

NOTE: Exact time oftraffic switching fromUu to PCS5 or vice versa is up to higherlayer.

The Remote UE performs radio measurements at PCS5 interface and uses themfor ProSe UE-to-Network Relay
selection and reselectionalong with higher layer criterion [62]. A ProSe UE-to-Network Relay is considered suitable in
terms ofradio criteria if the PCS5 link quality exceeds configured threshold (pre-configured or providedby eNB). The
Remote UE selects the ProSe UE-to-Network Relay, which satisfies higher layer criterion and has best PCS link quality
among all suitable ProSe UE-to-Network Relays.

The Remote UE triggers ProSe UE-to-Network Relay reselection when:
- PCS5 signalstrength of current ProSe UE-to-Network Relay is below configured signal strength threshold;

- Itreceives alayer-2 link release message (upper layer message) [62] from ProSe UE-to-Network Relay.
23.11 Support for sidelink discovery
23.11.1 General

Sidelink discovery is defined as the procedure used by the UEsupporting sidelink discovery to discover other UE(s ) in
its proximity, using E-UTRA direct radio signals via PCS. Sidelink discovery is supported both when UEis served by
EUTRAN and when UEis out of EUTRA coverage. Only ProSe-enabled Public safety UE can performsidelink
discovery whenit is out of EUTRA coverage. For public safety sidelink discovery the allowed frequency is pre-
configuredin the UE, and is used even when UEis out of coverage of EUTRA in that frequency. The pre-configured
frequency is the same frequency as the Public Safety ProSe Carrier.
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Figure 23.11.1-1: PC5 interface for sidelink discovery [62]

Upperlayerhandles authorization for announcement and monitoring of discovery message.

Content of discovery messageis transparent to Access Stratum (A S)and no distinction in AS is made forsidelink
discovery models andtypes ofsidelink discovery [62]. However higher layer informs whether the sidelink discovery
announcement is related to public safety ornon-Public safety discovery. Higher layeralso informs whether the
discovery announcement/monitoring is related to ProSe UE-to-Network Relay discovery or other public safety

discovery.
NOTE: The ProSe Protocol ensures that only valid discovery messages are deliveredto AS forannouncement.

The UE can participate in announcing and monitoring of discovery message in both RRC _IDLE and
RRC CONNECTED states as per eNB configuration. The UEannounces and monitors its discovery message subject to

the half-duplexconstraint.

The UE that participates in announcing and monitoring of discovery messages maintains the current UTCtime. The UE
that participates in announcing transmits the dis covery message, which is generated by the ProSe Protocol taking into
account the UTC time upon transmission ofthe discovery message. In the monitoring UE, the ProSe Protocol provides
the message to be verified together with the UTC time upon reception ofthe message to the ProSe Function.

NOTE: UE may obtain UTCtime from the RAN via SIB16 or from othersources suchas NITZ,NTP,and GNSS
depending on theiravailability.

In orderto performsynchronisation UE(s) participating in announcing of discovery messages may act as a
synchronisation source by transmitting SBCCH and a synchronisation signal based on the resource information for

synchronisation signals provided in SIB19.

There are three range classes. Upper layerauthorisation provides applicable range class ofthe UE. Maximum allowed
transmission power for each rangeclass is signalled in SIB19. UE uses theapplicable maximum allowed transmission
power corresponding to its authorised range class. This puts an upper limit on the determined transmit power based on
open loop power control parameters.

23.11.2 Radio Protocol Architecture

The Access Stratumprotocol stack for sidelink discovery consists ofonly MACand PHY.
The AS layerperforms the following functions:

- Interfaces with upperlayer (ProSe Protocol): The MA Clayerreceives thediscovery message fromthe upper
layer (ProSe Protocol). The IP layeris not used for transmitting the discovery message;

- Scheduling: The MA Clayer determines theradio resource to be used forannouncing the discovery message
received fromupperlayer;

- Discovery PDU generation: The MA Clayerbuilds the MACPDU carrying the discovery messageand sends the
MACPDU to the physical layer for transmission in the determined radio resource. No MACheaderis added.

23.11.3 Radio resource allocation

There are two types ofresource allocation for discovery message announcement.

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 302



Release 15 303 3GPP TS 36.300 V15.0.0 (2017-12)

UE autonomous resourceselection: A resource allocation procedure where resources forannouncing of
discovery messageare allocated ona non UE specific basis, further characterized by:

- The eNB provides the UE(s) with the resource pool configuration used for announcing of discovery message.
The configuration may be signalled in broadcast or dedicated signalling;

- The UE autonomously selects radio resource(s) fromthe indicated res ource pool and announces discovery
message;

- The UE can announce discovery message on a randomly selected discovery resource during each discovery
period.

Scheduled resource allocation: A resource allocation procedure where resources for announcing of discovery
messageare allocated on per UE specific basis, further characterized by:

- TheUEin RRC_CONNECTED may requestresource(s) forannouncing of discovery message fromthe eNB
viaRRC;

- TheeNB assigns resource(s) via RRC;

- Theresources are allocated within the resource pool that is configured in UEs for announcement.

ForUEs in RRC IDLE:

The eNB may select one ofthe following options:

- The eNB may provide resource pools for UE autonomous resourceselection based discovery message
announcement in SIB19. UEs that are authorized for sidelink discovery use these resources for announcing

discovery messagein RRC _IDLE;

- TheeNB may indicate in SIB19 that it supports sidelink discovery but does not provideresources for
discovery messageannouncement. UEs need to enter RRC_CONNECTED in order to requestresources for
discovery message announcement.

For UEs in RRC_CONNECTED:

A UE authorized to performsidelink discovery announcementindicates to theeNB that it wants to perform
sidelink discovery announcement. A UE can also indicate to the eNB the frequency(s) in which sidelink
discovery announcement is desired;

The eNB validates whether the UEis authorized for sidelink discovery announcementusing the UE context
received fromMME;

The eNB may configure the UEwith resource pool for UE autonomous resource selection for discovery message
announcement via dedicated signalling;

The eNB may configure resource pool along with dedicated resource in the formoftime and frequency indices
for discovery message announcement via dedicated RRCsignalling;

The resources allocated by the eNB via dedicated signalling are valid until;
- TheeNB re-configures the resource(s) by RRCsignalling or;

- TheUE enters RRC IDLE.

Authorised receiving UEs in RRC IDLE and RRC_CONNECTED monitor resource pools used for UE autonomous
resourceselection andresource pools forscheduled resource allocation. The eNB provides the resource pool
configurationused for discovery message monitoring on intra frequency, inter frequency of same or different PLMNs
cells in RRC signalling (SIB19). The RRC signalling (SIB19 or dedicated) may contain detailed sidelink discovery
configurationused forannouncementofsidelink discovery in cells ofintra-frequency, inter-frequency of same or
different PLMNs.

Synchronous and asynchronous deployments are supported. Discovery resources can be overlapping or non-overlapping
across cells.
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A UE, if authorised by the NW, can announce discovery messages in the same as well as other frequencies than the
serving cell, in same or different PLMNs. The UE can monitor discovery resources in the same as well as other
frequencies thanthe serving cell, in same or different PLMNs:

The serving cellmay provide in SIB19 alist of frequencies along with PLMN ID on which the UE may aim to
monitor discovery message. The serving cellmay provide in SIB19 alist of frequencies along with PLMNID on

which the UE is allowed to announce discovery message.

The serving cellmay not provide detailed sidelink discovery configuration and cell (re)selection parameters for
other carrier frequencies of same or other PLMNs in RRC signalling.

If detailed sidelink discovery configurationand cell (re)selection parameters for other frequencties ofsame or
different PLMN s not provided by serving cellin SIB19, the eNB may indicate ifthe UE should read SIB19and
otherrelevant SIBs on other carriers orthe UE should request detailed sidelink discovery configuration from
serving cell, if it wants to performdiscovery message announcement on those carriers of same or other PLMNS.
A UE only reads SIB19and otherrelevant SIBs ofauthorised carriers and authorised PLMN:

- Obtaining sidelink discovery configuration by reading SIB19 (and other SIBs) ofan inter-frequency and/or
inter-PLMN cell shallnot affect the UE’s Uu reception onthe serving cell(s).

If a UE performs sidelink discovery announcement on another frequency, irrespective of whether the eNB
provides cell (re)selection parameters for the other frequency of same or different PLMN, the UE follows the
same legacy cell (re)selection procedure.

If SIB19 is not broadcasted by the serving cell, the UEmay performsidelink discovery announcement and
monitoring on another carrier of same or different PLMN that is authorised by the network, as longas it does not
affect Uu operation.

The UE is not expected to performany PLMN change for the purpose of inter-PLM N sidelink discovery
announcement.

If the UE autonomously reads SIB 19 of the other carrier of same or different PLMN to acquire resource for
sidelink discovery announcementand that carrier does notprovide resources for sidelink discovery

announcement in SIB19, then the UEshallnot performsidelink discovery announcement on that carrier.

The UE performs intra-frequency and inter-frequency of same or different PLM N sidelink discovery
announcement or monitoring in subframes in which a sidelink discovery resource poolis configured.

To enhance intra-frequency and inter-frequency sidelink discovery performance for the non-dedicated
transceiver case the eNBmay provide gaps to the UE, so that RF transmitter/receiver chain can be reused for
sidelink discovery transmis sions/receptions:

- The gaps provided forsidelink discovery transmis sion and/or reception takes into account any additional
overhead (e.g. for synchronization, subframe offsetbetween serving carrier and sidelink discovery carrier,
interruption time forretuning). The eNB can deconfigure a configured sidelink discovery transmission and
/orreception gaps.

- Configured discovery gaps are applicable forall configuredcells ofa UE.

- IfSIBI19 is not broadcasted by the serving cellthe UEshallnot enter RRC_CONNECTED on the servingcell
to request gaps orresources for sidelink discovery announcement.

- The eNB may indicate in broadcast or dedicated signalling ifthe UE can request gaps. Basedon
implementation the UE can triggera gap request for sidelink discovery announcement or monitoring. In the
requestthe UE informs the eNB ofthe subframes (with respectto the timing of serving cell) on which the UE
needs gaps.

NOTE: TheUEis notexpectedto monitorany physical downlink channels during sidelink discovery reception

gaps. During transmission gap, the UE prioritizes discovery announcement over Uu uplink transmis sion
and sidelink communication transmis sion only when a conflict with sidelink discovery announcement
occurs. The UE prioritizes the RACH procedure over the sidelink gaps.

NOTE: Measurementrequirements onthe serving frequency should notbe affected by sidelink gaps.

If network does not configure transmis sionand reception gaps for sidelink discovery.
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- Intra-frequency, inter-frequency of same and other PLMN sidelink discovery announcement shall not affect
Uu transmission:

- Intra-frequency, inter-frequency and inter-PLM N sidelink discovery monitoring shallnot affect Uu reception:
- TheUE shallnot create autonomous gaps forannouncementor monitoring of sidelink discovery.

- TheUEuses DRX occasions in RRC IDLE and RRC_CONNECTED or second RX chain ifit is available,
for intra- frequency, inter-frequency and inter-PLMN dis covery mes sage monitoring;

- AnRRC CONNECTED UE sends a Sidelink UE Information message to the servingcellif it is interested orno
longer interested in intra-frequency, inter-frequency or inter-PLMN dis covery mes sage monitoring.

If the S-Criteria on the ProSe carrier for Public Safety is not met, the UE can use Public Safety ProSe Carrier discovery
resources preconfigured in the UICC or ME for out of coverage sidelink discovery.

NOTE: Allsidelinkdiscovery for Public Safety (fora UE) is performed on a single preconfigured Public Safety
ProSe Carrier, which is valid in the operatingregion. Higher layers check validity ofthe Public Safety
ProSe Carrier in the operatingregion.

23.12 Resource usage reporting for shared networks

The eNB may be configured to report the resource usage as datavolume for the different PLMN identities ofthe
operators in a shared network. The measurements, which are defined in TS 36.314 [63], are based on the QoS parameter
values exchanged at E-RA B setup/modification.

OAM configures data volume reporting criteria. The configured data volume criteria define the PLMN IDs and the QoS
profile criteria for the collectionand reporting. The datavolume reports are per configured PLMNID and per
configured QoS profile per DL/UL.

The QoS profile configuration shall be the same forall configured PLMN IDs and forall eNBs. The configured QoS
profile criteria can differin UL and DL in terms of GBR ranges. It shallbe possible to collect and report up to 200

countertypes and a maximum of200 counter instances.

Data volumes forthe DL/UL direction ofa GBR bearershallbe collected within a given DL/ULGBR range if the
DL/UL E-RAB guaranteed bit rate is within a configured DL/ULrange delimited by a minimum and maximum value.
The GBR ranges shallbe five in number for DL and five in number for UL. GBR ranges shall be non-overlapping and
configurable. The configuredsetof GBR ranges applies to the whole RAN and toall PLMN IDs in the RAN.

23.13 Optimising signalling load and resource usage for paging
23.13.1 General paging optimisation

Paging can be optimised by the MMEand the EFUTRAN as described in TS 23.401 [17].

As apart ofthis,an eNBmay informthe MMEabouta list of recommended eNBs for paging. Ifa recommended eNB
in this listis a HeNB behind a HeNB GW, the pagingtarget is identified by the TAlinstead ofthe eNB identity.

Paging Attempt Information consists ofa Paging Attempt Countandthe Intended Number of Paging A ttempts and may
include the Next Paging Area Scope. If Paging Attempt Informationis included in the Paging message, eachpaged eNB
receives thesame information during a paging attempt. The Paging Attempt Count shall be increased by one at each
new paging attempt. The Next Paging Area Scope, when present, indicates whether the MME plans to modify the
paging area currently selected at next paging attempt. Ifthe UE has changed its mobility state to ECM CONNECTED
the Paging Attempt Count is reset.

23.13.2 Paging optimisation for UEs in enhanced coverage

Information on the coverage enhancement (CE) level, if available forthe UE, is provided transparently by the serving
eNB to the MMEat transition to ECM_ IDLE together with the respective cell identifier and is provided to the E-
UTRAN during paging. The Paging Attempt Information, as defined in 23.13.1, is always providedto allpaged eNBs
for UEs for which the information on the coverage enhancement level has beenreceived.
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23.14 Support for V2X services
23.14.1 General

Vehicular communication services, represented by V2X services, can consistofthe following four differenttypes:
V2V, V2I, V2N and V2P [71].

V2X services canbe provided by PC5 interface and/or Uu interface. Support of V2X services via PC5 interface is
provided by V2X sidelink communication, which is a mode of communication whereby UEs can communicate with
each otherdirectly overthe PC5 interface [62]. This communication mode is supported when the UEis served by E-
UTRAN and when the UEis outside of E-UTRA coverage. Only the UEs authorised tobe used for V2X services can

performV2X sidelink communication.
23.14.1.1 Support for V2X sidelink communication

The userplane protocol stack and functions, as specified in subclause 23.10.2.1 for sidelink communication, are also
used for V2X sidelink communication. In addition, for V2X sidelink communication:

- STCH for sidelink communicationis also used for V2X sidelink communication.

- Non-V2X (e.g. Public Safety)data is notmultiplexed with V2X data transmitted in resources configured for
V2X sidelink communication.

- The Access Stratum(AS) is provided with the PPPP ofa protocol data unit transmitted over PCS interface by
higherlayers. The packetdelay budget (PDB) ofthe protocoldataunit canbe determined fromthe PPPP. The
low PDB is mapped to the highpriority PPPP value [72].

- Theexisting logical channel prioritization based on PPPP is used for V2X sidelink communication.

Controlplane protocol stack for SBCCH as specified in subclause23.10.2.2 for sidelink communication is alsoused for
V2X sidelink communication.

The UE supporting V2X sidelink communication can operate in two modes forresource allocation:
- Scheduledresource allocation, characterized by:
- The UEneeds to be RRC_CONNECTED in orderto transmit data;

- The UE requests transmission resources fromthe eNB. The eNB schedules transmis sion resources for
transmission ofsidelink control information and data. Sidelink SPS is supported for scheduled resource
allocation;

- UE autonomous resourceselection, characterized by:

- TheUE onits own selects resources fromresource pools and performs transport format selection to transmit
sidelink controlinformationand data;

- Ifmapping betweenthezones and V2X sidelink transmission resource pools is configured, the UEselects
V2X sidelinkresource poolbased onthe zone UEis located in.

- The UE performs sensing for (re)selection of sidelink resources. Based onsensingresults, the UE (re)selects
some specific sidelink resources and reserves multiple sidelink resources. Up to 2 parallel independent
resourcereservation processes are allowed to be performed by the UE. The UE is also allowed to performa
single resourceselection forits V2X sidelink transmission.

In orderto assist theeNBto provide sidelink resources, the UEin RRC_CONNECTED may report geographical
location information tothe eNB. The eNB can configure the UEto report the complete UE geographical location

information based onperiodic reporting via the existing measurement report signaling.

Geographical zones can be configured by the eNB or pre-configured. When zones are (pre)configured, the world is
divided into geographical zones using a single fixed reference point (i.e. geographical coordinates (0, 0)), length and
width. The UE determines thezone identity by means of modulo operationusing length and width of each zone, nunber
of zones in length, number ofzones in width and the single fixed reference point. The length and width ofeach zone,
number ofzones in length and number ofzones in width are provided by the eNBwhen the UEis in coverage and pre-
configured whenthe UEis out ofcoverage. The zoneis configurable for bothin coverageand out of coverage.
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Forin coverage UE, when the UEuses UEautonomous resource selection, the eNB can provide the mapping between
zone(s)and V2X sidelink transmission resource pools in RRC signalling. For out of coverage UEs, the mapping
between the zone(s) and V2X sidelink trans mis sion resource pools can be pre-configured. Ifa mapping betweenzone(s)
and V2X sidelink transmis sion resource poolis (pre-)configured, the UEselects transmission sidelink resources from
the resource pool corresponding to the zone whereit is currently located. The zone concept is notapplied to exceptional
V2X sidelink transmission pools as well as receptionpools. Resource pools for V2X sidelink communication are not

configured based on priority.

For V2X sidelink trans mis sion, during handover, transmis sion resource pool configurations including exceptional
transmissionresource pool for the target cellcan be signaled in the handover commandto reduce the transmission
interruption. In this way, the UEmay use the V2X sidelink transmission resource pools ofthe target cell before the
handoveris completed as longas either synchronizationis performed with the targetcellin case eNB is configured as
synchronization source or synchronizationis performed with GNSS in case GNSS is configured as synchronization
source. Ifthe exceptional transmission resource poolis included in the handover command, the UE starts using
randomly selected resources fromthe exceptional transmission resource pool starting fromthe reception ofhandover
command. If the UE is configured with scheduledresource allocation in the handover command, the UE continues to
use the exceptional transmission res ource pool while the timer associated with handover is running. Ifthe UE is
configured with autonomous resource selection in the target cellthe UE continues to use the exceptional transmission
resourcepooluntil the sensing results on the transmission res ource pools forautonomous resource selection are
available. Forexceptional cases (e.g. during RLF, during transition fromRRC IDLE to RRC CONNECTED or during
change ofdedicated V2X sidelink resource pools within a cell), the UE may select resources in the exceptional pool
provided in serving cell’s SIB21 orin dedicated signalling based on randomselection, and uses themtemporarily.
During cell reselection, the RRC_IDLE UE may use the randomly selected resources fromthe exceptional transmission
resourcepoolofthe reselected celluntil the sensing results onthe transmission res ource pools for autonomous resource
selection are available.

In orderto avoid interruption time in receiving V2X messages due to delay in acquiring reception pools broadcasted
from the target cell, synchronisation configuration and receptionresource pool configuration for the targetcellcan be
signaled to RRC_CONNECTED UEs in the handover command. For RRC_IDLE UE, it is up to UE implementation to
minimize V2X sidelink transmission/reception interruption time associated with acquisition of SIB21 ofthe target cell.

A UE is considered in-coverage onthe carrier used for V2X sidelink communication wheneverit detects a cell on that
carrier as per criteria specified in [16]. If the UE that is authorized for V2X sidelink communication is in-coverage on
the frequencyused for V2X sidelink communication or if the eNB provides V2X sidelink configuration for that
frequency (including the case where UEis out of coverageon that frequency), the UEuses the scheduled resource
allocation or UE autonomous resource selectionas per eNB configuration. Whenthe UEis out of coverage onthe
frequencyused for V2X sidelink communication and ifthe eNB does notprovide V2X sidelink configuration for that
frequency,the UEmay use a set oftransmissionand receptionresource pools pre-configured in the UE. V2X sidelink
communication resources are not shared with othernon-V2X data transmitted over sidelink.

AnRRC CONNECTED UE may send a Sidelink UE Information message tothe serving cellif it is interested in V2X
sidelink communication transmission in order to requestsidelink resources.

If the UE is configured by higher layers to receive V2X sidelink communication and V2X sidelink receptionresource
pools are provided, the UEreceives onthose provided resources.

Reception of V2X sidelink communication in different carriers/PLMNs canbe supported by having multiple receiver
chains in the UE.

Forsidelink SPS, maximum 8 SPS configurations with different parameters can be configured by eNB and all SPS
configurations can be active at thesame time. The activation/deactivation of SPS configurationis signalled via PDCCH

by eNB. The existing logical channel prioritization based on PPPP is used for sidelink SPS.

UE assistance information can be provided to eNB. Reportingof UE assistance information is configured by eNB for
V2X sidelink communication. The UE assistance information used for V2X sidelink communication includes traffic
characteristic parameters (e.g. a set of preferred SPS interval, timing offset with respect to subframe 0 ofthe SFN 0,
PPPP and maximum TB size based on observed traffic pattern) related to the SPS configuration. The UE assistance
information can be reported in case either SPS is already configured ornot. Triggering of UE assistance information
transmission s left to UE implementation. Forinstance, the UEis allowed to report UE assistance information when
change in estimated periodicity and/or timing offset of packetarrival occurs. SR mask per traffic type is not supported
for V2X sidelink communication.

The serving cell can provide s ynchronization configuration for the carrierused for V2X sidelink communication. In this
case, the UE follows the synchronization configurationreceived fromservingcell. In case there is no cell detected on

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 307



Release 15 308 3GPP TS 36.300 V15.0.0 (2017-12)

the carrierused for V2X sidelink communication andthe UEdoes notreceive synchronization configuration from
serving cell, the UE follows preconfigured s ynchronization configuration. There are three types of'synchronization
reference, namely eNB, UE and GNSS. In case GNSS is configured as synchronizationsource, the UE utilizes the UTC
time and (pre)configured DFN offset to calculate direct frame number and subframe number. In case eNB timing is
configured as synchronization referenceto the UE, for synchronization and DL measurements, the UE follows the cell
associated with the concerned frequency (when in-coverage on this frequency), orthe PCell or the servingcell (when
out ofcoverage onthe concerned frequency). UE can indicate the current synchronization referencetype it is using to
the eNB. One transmission pool forscheduled resourceallocation is configured, taking into account the synchronization
reference ofthe UE.

Forcontrolling channel utilization, the network is able to indicate how the UEadapts its transmis sion parameters for
each transmission pooldepending on the Channel Busy Ratio (CBR). The UE measures all the configured transmis sion
pools including exceptional pool. Ifa poolis (pre)configured such thata UE shallalways transmit PSCCH and PSSCH
in adjacent resource blocks the UEmeasures PSCCH and PSSCH resources together. Ifa poolis (pre)configured such
that a UE may transmit PSCCH and the corresponding PSSCH in non-adjacent resource blocks in a subframe then
PSSCH pooland PSCCH poolare measured separately.

A UE in RRC_CONNECTED can be configured toreport CBR measurement results. For CBR reporting, periodic
reporting and eventtriggered reporting are supported. Two new reporting events are introduced for event-triggered
CBR reporting. In case PSSCH and PSCCH resources are placed non-adjacently, only PSSCH pool measurementis
used forevent-triggered CBR reporting. In case PSSCH and PSCCH resources are placed adjacently, CBR
measurement ofboth the PSSCH and PSCCH resources is used for event-triggered CBR reporting. CBR event-triggered
reporting is triggered by overloaded threshold and/or less-loaded threshold. Thenetwork can configure which ofthe

transmission pools the UEneeds to report.

A UE (regardless ofits RRC state) performs transmission parameter adaptation based on the CBR. When CBR
measurements are notavailable, the default transmission parameters are used. The exemplary adapted transmission
parameters include maximum transmission power, range of the number of retransmission per TB, range of PSSCH RB
number, range of MCS, maximum limit on channel occupancy ratio. The transmis sion parameter adaption applies to all
transmission pools including exceptional pool.

For V2X sidelink communication, sidelink transmis sion and/or receptionresources including exceptional pool for
different frequencies for scheduled resource allocation and UE autonomous resource selection may be provided. The
sidelink resources for different frequencies canbe provided via dedicated signalling, SIB21 and/or preconfiguration.
The serving cellmay indicate to the UE only the frequency on which the UEmay acquire the resource configuration for
V2X sidelink communication. [f multiple frequencies and associated resource information are provided, it is up to UE
implementation to select the frequency among the provided frequencies. The UE shallnot use preconfigured
transmissionresource if the UE detects a cell providing resource configuration or inter-carrier res ource configuration
for V2X sidelink communication. Frequencies which may provide V2X sidelink communication resource configuration
or cross-carrier configuration can be signalled in SIB21 or pre-configuredin the UE. The RRC IDLE UE may prioritize
the frequency thatprovides cross-carrier resource configuration for V2X sidelink communication during cell
reselection.

If the UE supports multiple transmission chains, it may simultaneously transmit on multiple carriers via PCS. For the
case where multiple frequencies for V2X are supported, a mapping between V2X service types and V2X frequencies is
configured by upperlayers. The UEshould ensure a V2X service to be transmitted on the corresponding frequency. For
scheduledresource allocation, theeNB can schedule a V2X transmission on a frequency based on the Sidelink BSR
[13], in which the UE includes the Destination Indexuniquely associated with a frequency reported by the UEto the
eNB in Sidelink UE Information message as specified in 3GPP TS 36.331 [16].

The UE may receive the V2X sidelink communication ofother PLMNs. Theservingcell can indicate tothe UEthe
resource configuration for V2X sidelink communication reception for inter-PLMN operationdirectly oronly the
frequency on whichthe UEmay acquire the inter-PLMN res ource configuration for V2X sidelink communication
reception. V2X sidelink communication transmission in other PLMNSs is not allowed.

When ULtransmission overlaps in time domain with V2X sidelink transmission in the same frequency, the UE
prioritizes the V2X sidelink transmission over the UL transmission ifthe PPPP of'sidelink MACPDU is lower than a
(pre)configured PPPP threshold; otherwise, the UE prioritizes the UL transmission over the V2X sidelink trans mis sion.
When UL transmission overlaps in time domain with V2X sidelink transmission in different frequency, the UEmay
prioritize the V2X sidelink transmission over the UL transmission or reduce UL trans mis sion power ifthe PPPP of
sidelink MACPDU is lower than a (pre)configured PPPP threshold; otherwise, the UE prioritizes the UL transmission
overthe V2X sidelink transmission or reduces V2X sidelink transmission power. However, if UL transmission is
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prioritized by upperlayeras specified in 3GPP TS 24.386 [75] orrandomaccess procedure is performed, the UE
prioritizes UL transmission over any V2X sidelink transmission (i.e. irrespectively ofthe sidelink MACPDU’s PPPP).

Resource pool for transmission of pedestrian UE (P-UE) may be overlapped with resources for V2X sidelink
communication. Foreach transmission pool, resource selection mechanism(i.e. randomselection, partial sensing based
selection or eitherrandomselection or partial sensing based selection), which is allowed to be used in this pool, is also
configured. If P-UE is configured to use either randomselection or partial sensing based selection for one transmis sion
pool, it is up to UE implementation to selecta specific resource selection mechanism. If the P-UE is configured touse
partial sensing based selection only, the P-UE shalluse partial sensing based selectionin the pool. The P-UEshallnot
do randomselection in the pool wherein only partial sensing is allowed. Ifthe eNB does not provide a randomselection
pool, the P-UEs that support only randomselection cannot performsidelink transmission. In exceptional pool, the P-UE
uses randomselection. The P-UE can send Sidelink UE Information messageto indicate that it requests res ource pools
for P2X-related V2X sidelink communication transmission as specified in 3GPP TS 36.331 [16].

It is not mandatory for P-UE to support zone based resource selection. The P-UE reports whether it supports zonebased
resourceselectionas part of UE capability signalling. Ifthe P-UE supports zonebased resourceselection, thenetwork
can provide zone based configuration via only dedicated signalling.

Powersaving of P-UE can be achieved by UEimplementation andupper layer mechanisms. P-UE does notperform
CBR measurement. However, P-UEadjusts thetransmission parameters based on the default transmis sion parameter

configuration, which can be provided to the P-UE via RRC signalling.

To support the co-existence of CEN DSRC and V2X sidelink communication, the upper layers of the UEwhich is
performing V2X sidelink communicationsend an indicationto lower layers whenthe UEis within the proximity of
CEN DSRC tolling station(s).

23.14.1.2 Support for V2X communication via Uu

For V2X communication in uplink, maximum 8 SPS configurations with different parameters canbe configured by
eNB and all SPS configurations can be activeat the same time. The activation/deactivation ofeach SPS configuration is

signalled via PDCCH by eNB. The existing logical channel prioritization for Uu is used.

For V2X communication, UEassistance informationcanbe providedto eNB. Reportingof UE assistanceinformation is
configuredby eNB. The UEassistance information includes parameters (e.g. a set of preferred SPS interval, timing
offset with respectto subframe 0 ofthe SFN 0, LCID and maximum TB size based on observed traffic pattern) related
to the SPS configuration. Triggering of UE assistance information transmissionis left to UE implementation. For
instance, the UEis allowed to report the UE assistance information when change in estimated periodicity and/or timing
offset of packet arrival occurs. For V2X communication via Uu, SR maskas perlegacy mechanismcan be used.

Forunicast transmission of V2X messages, the V2X message can bedelivered via Non-GBR bearers as wellas GBR
bearers. In orderto meet the QoS requirements for V2X messagedelivery for V2X services, a Non-GBR QCI value and

a GBR QCI value for V2X messages are used as specified in 3GPP TS 23.285 [72].

Forbroadcasting V2X messages, SC-PTM or MBSFN transmission canbe used. In order to reduce SC-PTM/MBSFN
latency, shorter (SC-)MCCH repetition period for SC-PTM/MBSFN, modification period for SC-PTM/MBSFN and
MCH scheduling period for MBSFN are supported. Reception of downlink broadcast of V2X messages in different
carriers/PLMNs canbe supported by having multiple receiver chains in the UE. A GBR QCI value is used forthe
delivery of V2X messages over MBMS bearers as specified in 3GPP TS 23.285 [72].

23.15 Support for MMTEL voice and video enhancements
23.15.1 RAN-assisted codec adaptation

RAN-assisted codec adaptation provides a means for the eNB to send codec adaptation indication with recommended
bit rate to assist the UE to select or adapt to a codec rate for MM TEL voice or MMTEL video. The RAN-assisted codec
adaptation mechanism suppotts the uplink/downlink bit rate increase or decrease. For a bearer associated with
configuration of MBR greater than GBR (see sub-clauses 11.4 and 13.2), the recommended uplink/downlink bit rate is
within boundaries set by the MBR and GBR of the concerned bearer.

For uplink or downlink bit rate adaptation, eNB may send a recommended bit rate to the UE to inform the UE on the
currently recommended transpott bit rate on the local uplink or downlink, which the UE may use in combination with
other information to adapt the bit rate, e.g. the UE may send a bit rate request to the peer UE via application layer
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messages as specified in TS 26.114 [74], which the peer UE may use in combination with other information to adapt the
codec bitrate. The recommended bit rate is in kbps at the physical layer at the time when the decision is made.

The recommended bit rate for UL and DL is conveyed as a MAC Control Element (CE) from the eNB to the UE as
outlined in Figure 23.15.1-1.

UE eNB

UL/DL bit rate

__recommendation
<

Figure 23.15.1-1: UL or DL bit rate recommendation

Based on the recommended bit rate from the eNB, a UE may initiate an end-to-end bit rate adaptation with its peer (UE
or MGW). The UE may also send a query message to its local eNB to check if a bit rate recommended by its peer can

be providedby the eNB. The UEis not expected to go beyond the recommended bit rate fromthe eNB.

The recommended bit rate query message is conveyed as a MAC Contwol Element (CE) from the UE to the eNB as
outlined in Figure 23.15.1-2.

UE eNB

UL/DL bit rate
recommendation query

Figure 23.15.1-2: UL or DL bit rate recommendation query

A prohbit timer can be configured per logical channel by the network to limit UEs sending frequent query MAC CEs.
Independent prohibit timers are used for each direction (uplink and downlink) to prohibit the UE from retransmitting

exactly the same query MACCE to the eNB during the configured time.
23.15.2 MMTEL signalling optimization

In case of network congestion (e.g. maximum number of users that can be connected, poor radio conditions, etc), an
operator may want to prioritize MM TEL voice/MMTEL video access. For both type of accesses, the MO voice call
cause value is used.

During the re-direction procedure, if the UE receives the RRC Connection Release message with redirection and the
voice call is ongoing, the UE keeps the call in the application layer. After the UE re-accesses the network, the voice
GBR bearer can be recovered immediately.

23.15.3 MMTEL voice quality/coverage enhancements

In order to enhance the voice quality and coverage, the techniques for PUSCH coverage enhancement introduced in
Rel-13 for CE Mode A can be configured also for UEs in non-CE mode. These techniques are applied in anew PUSCH

enhancement mode and include:
- PUSCH subframe repetition with intra-bundle or inter-bundle frequency hopping and
- UL asynchronous HARQ operation.

The PUSCH enhancement mode can be enabled only on PCell. In the PUSCH enhancement mode, the PUSCH
maximum bandwidth s 20MHz. The UE transition between normal mode and PUSCH enhancement mode is controlled
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and triggered by RRC signalling, As part of the transition procedure, the UL HARQ operation switches between
synchronous (normal mode) and as ynchronous (PUSCH enhancement mode), with a partial MA Creset.

PUSCH coverage enhancement requires that air interface delay budget can be relaxed to increase the robustness of the
transmission. Such relaxation may be achieved when a UE in good coverage indicates a preference to the eNB to reduce
the local air interface delay by sending a DelayBudgetReport message with ueReportCause as typel to decrease the
DRX cycle length, so that the E2E delay and jitter can be reduced. The peer UE in bad coverage can send a
DelayBudgetReport message with ueReportCause as type? to its eNB to indicate a preference on Uu air interface delay
adjustments, see TS 36.331 [16], TS 36.211 [4] and TS 36.213 [6]. Based on the UE report and other information, the
E-UTRAN may configure the UE with coverage enhancement techniques. When the UE detects changes such as end-to-
end MMTEL voice quality or local radio quality, the UE may inform the eNB its new preference by sending
DelayBudgetReportmessages with updated contents.
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Annex A (informative):
NAS Overview

This subclause provides for information an overview on services and functions provided by the NAS control protocol.

A.1 Services and Functions

The main services and functions ofthe NAS sublayerinclude:

- EPS Bearercontrol (see 3GPP TR 23.401 [17]);

ECM-IDLE mobility handling;

- Paging origination;

Configurationand control of Security.

A.2  NAS protocol states & state transitions

The NAS state modelis based on a two-dimensional model which consists of EPS Mobility Management (EMM) states
describing the mobility management states that result fromthe mobility management procedures e.g. Attach and
Tracking Area Update procedures, and of EPS Connection Management (ECM) states describing the signalling
connectivity between the UEand the EPC (see 3GPP TS 23.401 [17]).

NOTE: The ECM and EMM states are independent of each otherand whenthe UEis in EMM-CONNECTED
state this does notimply that the user plane (radio and S1 bearers) is established.

The relation between NAS and AS states is characterised by the following principles:

- EMM-DEREGISTERED & ECM-IDLE = RRC IDLE:
- Mobility: PLMN selection:
- UE Position:notknown by the network.

- EMM-REGISTERED & ECM-IDLE = RRC IDLE:
- Mobility: cell reselection;
- UE Position: known by the network at tracking area level.

- EMM-REGISTERED & ECM-CONNECTED with radio bearers established = RRC_CONNECTED.
- Mobility: handover;

- UE Position: known by the network at cell level.
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Annex B (informative):
MAC and RRC Control

The E-UTRA supports control signalling in terms of MA Ccontrol signalling (PDCCH and M A C control PDU) and
RRC controlsignalling (RRCmessage).

B.1 Difference between MAC and RRC control

The different characteristics of MA Cand RRC control are summarized in the table below.

Table B.1-1: Summary of the difference between MAC and RRC control

MAC control RRC control
Control entity MAC RRC
Signalling PDCCH MAC control PDU RRC message
Signalling reliability ~ 102 (no retransmission) ~ 103 (after HARQ) ~ 108 (after ARQ)
Control delay Very short Short Longer
Extensibility None or very limited Limited High
Security No integrity protection No integrity protection Integrity protection
No ciphering No ciphering Ciphering

The main difference between MACand RRC controllies in the signalling reliability. Due to the signalling reliability,
signalling involving state transitions and radio bearer configurations should be performed by RRC. Basically, all
signalling performed by RRCin UTRA should alsobe performed by RRCalso for E-UTRA.

B.2 Void
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Annex C (informative):

Void

Annex D (informative):

Void

Annex E (informative):

Void

Annex F (informative):

Void
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Annex G (informative):
Guideline for E-UTRAN UE capabilities

Each radio access technology has defined specific "classes" of terminals in terms ofradio capabilities. E.g. in GPRS the
"multislot classes" are defined, in UMTS R’99 different dedicated bearer classes are defined and for HSDPA and
HSUPA 12 respectively 6 physical layer categories are defined. The definition of UMTS R’99 UE classes lead to 7 DL
classesand 7 UL classes for FDD out of which only 2 DL and 3 UL classes were commercially realized. Furthermore
the lowerend classes (e.g. 64 UL and 64 DL) disappeared fromthe market with commercialization of the UMTS
networks quite soon. Besides these class definitions a huge number of possible parameter combinations (to achieve
certain datarates) exist with UMTS R’99 which lead to the hugenumber of RAB and RB combinations defined. Further
activities in the early phase of UMTS standardization aimed to reduce thenumber of possible combinations

significantly.

ForHSDPA two "simple" DL categories (11 & 12) with lowered complexity were defined with the intent to speedup
commercialization of HSDPA. Originally those categories should have been removed for Rel-6. Out of the 12 defined
categories only approx. 4 will be realized in commercial HSDPA platformproducts. A similar situationis likely for
HSUPA as well as for the combinations of HSDPA/HSUPA.

Generally the aim to mandate certain essential functions/requirements can help to simplify the systemdefinitionas well
as the realization options (e.g. mandating 20 MHzof DL receptionas wellas 20 MHz UL trans mission bandwidth
significantly reduced the EEFUTRAN systemcomplexity). Especially mandating certain terminal functions could be
useful forthe systemdesignifa defined subset of parameter combinations are also supported by the systems, e.g. the
eNB scheduler. However, thereis also arisk that not allthe defined E-UTRA features are deployed in the networks at
the time when terminals are made commercially available on the market place. Some features are likely to be rather
large and complex, which further increases the risk ofinteroperability problems unless these features have undergone
sufficient interoperability testing (IOT) on real network equipment, and preferably with more than onenetwork in order
to improve the confidence ofthe UE implementation. Thus, avoiding unnecessary UE mandatory features but instead
defining a limited set of UE radio classes allows simplification for the interoperability testing.

Given the discussionabove, it seems beneficial for the introduction of EEUTRAN to limit the combination ofradio
capabilities to a clearly defined subset and ensure thata given set of parameters is supported by certain UEclasses as
well as networks forrapid EEFUTRAN deployment. It seems unrealistic to mandate only onesingle UEclass which
always mandates the maximum capability.

In orderto addressthe different market requirements (low end, mediumand high end), the definition ofthe following
UE classes are proposed:

Table G-1: E-UTRAN UE Classes

Class UL DL
A [50] Mbps [100] Mbps
B [25] Mbps [50] Mbps
C [2] Mbps [2] Mbps

NOTE: Forsimplification reasons, thetable only depict the UE capabilities in terms ofuplink and downlink peak
datarates supported. However, it should be noted that further discussion on other features is expected

once the work progresses.

It may require further discussion whether there be a need for an additional terminal class between 2 Mbps and 50 Mbps
classes. It might make sense, sinceup to S MHzband allocations may be rather common in real deployments for several

years. This would pointto bit rate class 025 Mbpsin DL and 10 Mbps in UL.

The above given datarates are indicative and should be subject for further discussions in 3GPP RAN working groups.
Depending on the differentsolutions to reach those data rates, the target should be to define[3..4] UE classes in
different data rate ranges, and other parameters affecting device complexity and cost. The definition ofthe required
parameters/features is for further study foreach ofthe classes. Forinstance, half-duplex UEs form a specific category

that may be frequency band specific.
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NOTE: thesupport of half-duplex UEs is mandatory forthe eNB where such a category is allowed in the
frequencyband supported by the eNB.

The aimis to ensureon the one handthat highend EEUTRAN UEs, supporting data rates representing state ofthe art
leveland competitive with other radio technologies are defined, while the mediumand lower data rates aimto reduce
implementation cost for chipset/terminal vendors and allow adoption of most cost efficient solutions for different

market segments. It is expected thatthe support ofthe high end data rate terminals is ensured fromthe very beginning.

Anotherclear exception fromthis exercise is that on thelow end very cheap productimplementation is possible (e.g. for
the machine-to-machine market or the voice and very low data rate only segment — to substitute GSM in the medium
term) while top end performance is needed for dataapplications in notebooks, wireless gateways (" wireless DSL"), etc.

Anotherimportant aspectthat mustbe ensured s that a higher capability UE can be treated in exactly the same way as
for a lower capability UE, if the network wishes to doso, e.g., in case the network does not support some higher
capability features. In HSDPA, there have been problems in this respect due to 2-stage rate matching in HARQ. Such
problems should be avoided in EEUTRAN, and E-UTRAN UE capabilities should providethe compatibility to ease
implementation and interoperability testing.

Annex H (informative):
Void

Annex | (informative):
SPID ranges and mapping of SPID values to cell reselection
and inter-RAT/inter frequency handover priorities

This Annexdefines two ranges of SPID (Subscriber Profile ID for RAT/Frequency Priority) values, respectively
Operator Specific and Reference values. Themapping at eNB of Reference SPID values to cellreselection and inter-

RAT/inter frequency handover priorities is defined.

.1 SPID ranges

Values 1- 128 - Operatorspecific SPID values;
Values 129 - 256 - Reference values.

.2 Reference SPID values

SPID =256

Table 1.2-1: eNB local configuration in idle and connected mode for SPID = 256

Configuration parameter Value Meaning
E-UTRAN carriers priority high The selection priorities foridle and
connected mode of all EEUTRAN carriers
are higher than the priorities for all
UTRAN and GERAN carriers
UTRAN carriers priority medium The selection priorities foridle and
connected mode of all UTRAN carriers
are low er than the priorities for all E-
UTRAN carriers and higher than the
priorities for all GERAN carriers
GERAN carriers priority low The selection priorities foridle and
connected mode of all GERAN carriers
are low er than the priorities for all E-
UTRAN and UTRAN carriers
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SPID =255

Table 1.2-2: eNB local configuration in idle and connected mode for SPID = 255

Configuration parameter Value Meaning
UTRAN carriers priority high The selection priorities foridle and
connected mode of all UTRAN carriers
are higher than the priorities for all
GERAN and E-UTRAN carriers
GERAN carriers priority medium The selection priorities foridle and
connected mode of all GERAN carriers
are low er than the priorities for all
UTRAN carriers and higher than the
priorities for all EEUTRAN carriers
E-UTRAN carriers priority low The selection priorities foridle and
connected mode of all EEFUTRAN carriers
are low er than the priorities for all
UTRAN and GERAN carriers

SPID =254

Table 1.2-3: eNB local configuration in idle and connected mode for SPID = 254

Configuration parameter Value Meaning
GERAN carriers priority high The selection priorities foridle and
connected mode of all GERAN carriers
are higher than the priorities for all
UTRAN and E-UTRAN carriers
UTRAN carriers priority medium The selection priorities foridle and
connected mode of all UTRAN carriers
are low er than the priorities for all
GERAN carriers and higher than the
priorities for all EEFUTRAN carriers
E-UTRAN carriers priority low The selection priorities foridle and
connected mode of all EEUTRAN carriers
are low er than the priorities for all
GERAN and UTRAN carriers

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 317



Release 15 318 3GPP TS 36.300 V15.0.0 (2017-12)

Annex J (informative):
Carrier Aggregation

J.1 Deployment Scenarios

Table J.1-1 shows some ofthe potential deploymentscenarios for CA. In Rel-10, for the uplink, the focusis laid on the
support of intra-band carrier aggregations (e.g. scenarios #1, as well as scenarios #2 and #3 when F1 and F2 are in the
same band). Scenarios related to uplink inter-band CA are supported fromRel-11. Forthe downlink, all scenarios
shouldbe supported in Rel-10.

Table J.1-1: CA Deployment Scenarios (F2 > F1).

# Description Example

F1 and F2 cells are co-located and overlaid, providing nearly
the same coverage. Both layers provide sufficient coverage
and mobility can be supported on both layers. Likely scenario
iswhenF1 and F2 are of the same band, e.g., 2 GHz, 800
MHz, etc. It is expected that aggregation is possible betw een
overlaid F1 and F2 cells.

2 | F1 and F2 cells are co-located and overlaid, but F2 has
smaller coverage due to larger path loss. Only F1 provides
sufficient coverage and F2 is used to improve throughput.
Mobility is performed based on F1 coverage. Likely scenario
whenF1 and F2 are of different bands, e.g., F1 = {800 MHz, 2
GHz} and F2 ={3.5 GHz}, etc. It is expected that aggregation
is possible betw eenoverlaid F1 and F2 cells.

3 | F1 and F2 cells are co-located but F2 antennas are directed to
the cell boundaries of F1 so that cell edge throughput is
increased. F1 provides sufficient coverage but F2 potentially
has holes, e.g., due to larger path loss. Mobility is based on

F1 coverage. Likely scenariois whenF1 and F2 are of
different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 ={3.5
GHz}, etc. It is expected that F1 and F2 cells of the same eNB
can be aggregated w here coverage overlaps.

4 | F1 provides macro coverage and on F2 Remote Radio Heads
(RRHs) are used to improve throughput at hot spots. Mobility
is performed based on F1 coverage. Likely scenarios are both
whenF1 and F2 are DL non-contiguous carrier on the same
band, e.g., 1.7 GHz, etc. and F1 and F2 are of different bands,
e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. ltis
expected that F2 RRHs cells can be aggregated with the ;
underlying F1 macro cells. e

5 | Similar to scenario #2, but frequency selective repeaters are
deployed so that coverage is extended for one of the carrier
frequencies. It is expected that F1 and F2 cells of the same
eNB can be aggregated w here coverage overlaps.

The receptiontiming difference at thephysical layer of DL assignments and UL grants forthe same TTIbut from
different serving cells (e.g. depending onnumber of control s ymbols, propagation and deployment scenario) does not
affect MA Coperation. A UE should cope with a relative propagation delay difference up to 30 us among the
component carriers to be aggregated in both intra-band non-contiguous and inter-band non-contiguous CA. This implies
that a UE should cope with a delay spread ofup to 30.26 us among the component carriers monitored at the receiver,
since the BS time alignment is specified to be upto 0.26 ps. This also implies that the UEshould cope with a maximum

uplink transmission timing difference between TAGs 0f32.47pus for inter-band carrier aggregation with multiple TAGs.
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When CA is deployed frame timing and SFN are aligned across cells that canbe aggregated.

J.2 Void

J.3 Void

J.4 Void

J.5 Void

J.6 Void

Annex K (informative):
Time domain ICIC

This Annexreflects the agreements reached on time domain ICIC that may not necessarily fit in the core ofthe
specificationbut which needs to be captured in the absence of corresponding details in Stage 3 specifications.

K.1 Deployment scenarios

Two scenarios havebeen identified where conventional ICIC techniques are insufficient to overcome co-channel
interference, the CSG scenario and the Pico scenario. The identified scenarios are examples ofnetwork configurations
that are intended to depict thebasic conceptoftime domain ICIC and it shouldbe understood that other network
deploymentscenarios are also possible.

K.1.1 CSG scenario

Dominant interference condition may happen whennon-member users are in close proximity ofa CSG cell. Depending
on network deployment and strategy, it may not be possible to divert theusers suffering frominter-cell interference to
another E-UTRA carrier or other RAT. Time domain ICIC may be used to allow such non-member UEs to remain
served by the macro cell on the same frequency layer.

Such interference may be mitigated by the CSGeell utilizing Almost Blank Subframes to protectthe corresponding
macro cell’s subframes fromthe interference. A non-member UEmay be signalled to utilize the protected resources for
cell measurements (RRM), radio link monitoring (RLM) and CSI measurements for the serving macro cell, allowing the
UE to continue to be served by themacro cellunder strong interference fromthe CSG cell.
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Macro Cell

Macro’ s protected
resources

Non-member UE

(B))

CSG Cell

Figure K.1.1-1: Time domain ICIC: CSG scenario

In RRC_CONNECTED, the network can find out that the UEis subject to dominantinterference froma CSG cell
which the UE is not a member of through the existing measurement events (defined in release-8/9), at which pointthe
network may choose to configurethe RRM/RLM/CSI measurement resourcerestriction for the UE. The network may
also configure RRM measurement resourcerestriction forneighbour cells in order to facilitate mobility from the serving
macro cell. The network may release the RRM/RLM/CSI measurementresource restriction when it detects that the UE
is no longerseverely interfered by the CSGeell.

K.1.2 Pico scenario

Time domain ICIC may be utilized for pico users whoservedin the edge ofthe serving picocell, e.g. for traffic off-
loading froma macro cell to a pico cell. Time domain ICIC may be utilized to allow such UEs to remain served by the
pico cell on the same frequency layer.

Such interference may be mitigated by the macro cell(s) utilizing Almost Blank Subframes to protect the corresponding
pico cell’s subframes fromthe interference. A UEserved by a pico celluses the protected resources for cell

measurements (RRM), radio link monitoring (RLM) and CSI measurements forthe serving pico cell.
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Macro Cell

Pico’ s protected
resources

(B)

Pico Cell

Figure K.1.2-1: Time domain ICIC: Pico scenario

Fora UE served bya pico cell, the RRM/RLM/CSImeasurementresource restriction may allow more accurate
measurement of pico cellunder strong interference fromthe macro cell(s). The pico cellmay selectively configure the
RRM/RLM/CSImeasurement resource restriction only for those UEs subjectto strong interference fromthe macro
cell(s). Also, fora UE served by a macro cell, the network may configure RRM measurement resourcerestriction for
neighbour cells in orderto facilitate mobility fromthe macro cell to a pico cell.

Annex L (informative):
Void

3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 321



Release 15 322 3GPP TS 36.300 V15.0.0 (2017-12)

Annex M (informative):
Dual Connectivity

M.1 Dual Connectivity operation

For Dual Connectivity, the UEis configured with two cell groups (CGs). A CG may only include cells thatare
associatedto the same eNBand thosecells are synchronized at the eNB level similar as for carrieraggregation. Two
operations are defined: synchronous and asynchronous DC. In synchronous DC operation, the UE can cope with a
maximum receptiontiming difference up toat least 33us and maximum transmission timing differenceup to at least
35.21us between CGs. In asynchronous DC operation, the UE can cope with a maximum reception/transmission timing
difference up to 500us between CGs.

When DCis deployed, frame timing and SFN are aligned among the component carriers to be aggregated within a CG,
and may ormay not be aligned between different CGs.

M.2 Operation Overview

Table M.2-1 below gives a network overview ofthe DC operations.
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Table M.2-1: Dual Connectivity Operations

# Network Action Corresponding subclause Remarks

1 Intra-PCell Handover 10.1.2.8.2.1 Intra-MeNB handover Causes also intra-PSCell Change or Intra-
involving SCG change SeNB Change.

Also used for KeNB refresh.
Done via Handover like in Rel-8; SCG can be
retained during the Handover.

2 Intra-PSCell SCG 10.1.2.8.2 SeNB Modification Also used for S-KeNB refresh.

Change (MeNB initiated SeNB Modification) | Does not require intra-PCell Handover.
10.1.2.8.2 SeNB Modification
(SeNB initiated SeNB Modification)

3 Intra-MeNB Handover 10.1.2.8.2.1 Intra-MeNB handover Causes also intra-PSCell Change or Intra-
involving SCG change SeNB Change.

Done via Handover like in Rel-8; SCG can be
retained during the Change.

4 Intra-SeNB  SCG 10.1.2.8.2 SeNB Modification Requires SCG change but does not require

Change (MeNB initiated SeNB Modification) | intra-PCell Handover.
10.1.2.8.2 SeNB Modification
(SeNB initiated SeNB Modification)

5 Inter-MeNB Handover 10.1.2.8.5 MeNB to eNB Change Done via Handover like in Rel-8; Involves SCG
10.1.2.8.7 eNB to MeNB change release, or intra SeNB Change or inter-SeNB
10.1.2.8.8 Inter-MeNB handover Change.

w ithout SeNB change
6 Inter-SeNB  SCG 10.1.2.8.4 Change of SeNB Requires SCG change.
Change
7 SCG addition by 10.1.2.8.1 SeNB Addition Only the MeNB can request an SCG to be
MeNB 10.1.2.8.7 eNB to MeNB change added.
8 SCG SCell addition by [ 10.1.2.8.2 SeNB Modification Only the MeNB can request to add SCells to
MeNB (MeNB initiated SeNB Modification) | the SCG.If the SeNB w ants to use the new
SCell as PSCell it needs to initiate an SeNB
modification.
9 Non-last SCG SCell 10.1.2.8.2 SeNB Modification For requesting the release of the last SCG
release by MeNB (MeNB initiated SeNB Modification) | SCell i.e. PSCell, the MeNB has to request
SCG release instead.
10 | Non-last SCG SCell 10.1.2.8.2 SeNB Modification For requesting the release of the last SCG
release by SeNB (SeNB initiated SeNB Modification) SCell i.e. PSCell, the SeNB has to request
SCG release instead.
The SeNB can request to release the PSCell
only if it also chooses a new PSCell.

11 | SCG release by MeNB | 10.1.2.8.3 SeNB Release (MeNB The MeNB can alw ays request the release of
initiated SeNB Release) the SCG and the SeNB has to comply.

12 | SCG release by SeNB | 10.1.2.8.3 SeNB Release (SeNB The SeNB can alw ays request the release of
initiated SeNB Release) the SCG and the MeNB has to comply

13 | SCG bearer addition 10.1.2.8.2 SeNB Modification If this is the firstbearer to be added in the

by MeNB (MeNB initiated SeNB Modification) | SeNB, SCG addition is used instead.
(10.1.2.8.1 MeNB initiated SeNB
Addition)

14 | SCG bearer release 10.1.2.8.2 SeNB Modification Allow ed for both the MeNB and the SeNB, but
(MeNB initiated SeNB Modification) | the SeNB cannot request to release the last
10.1.2.8.2 SeNB Modification SCG bearer if that would result in no bearers
(SeNB initiated SeNB Modification) in SeNB - SCG release should be used

instead.

The SeNB cannot initiate the release of an
SCG bearer and make changes to SCG-
Config at the same time e.g. change the
configuration of the physical layer.

15 | Split bearer addition 10.1.2.8.2 SeNB Modification

by MeNB (MeNB initiated SeNB Modification)

16 | Split bearer release 10.1.2.8.2 SeNB Modification Allow ed for both the MeNB and the SeNB, but
(MeNB initiated SeNB Modification) | the SeNB cannot request to release the last
10.1.2.8.2 SeNB Modification split bearer if that w ould result in no bearers in
(SeNB initiated SeNB Modification) SeNB - SCG release should be used instead.

The SeNB cannot initiate the release of an
SCG bearer and make changes to SCG-
Config at the same time e.g. change the
configuration of the physical layer.

17 | MCG to SCG bearer 10.1.2.8.2 SeNB Modification Ether the MeNB or the SeNB can request to
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type change (and vice | (MeNB initiated SeNB Modification) | release an SCG bearer.

versa) 10.1.2.8.2 SeNB Modification Done via SCG change, i.e. L2 reset is required
(SeNB initiated SeNB Modification) | forthe UE

The SeNB can only request change from SCG
to MCG by requesting release of SCG bearer.
The MeNB makes the decision on w hether to

release the DRB entirely or change it to MCG

bearer.
18 | MCG to Split Bearer 10.1.2.8.2 SeNB Modification The SeNB can alw ays request to release the
Change (and vice (MeNB initiated SeNB Modification) | SCG part of a split bearer.
versa) 10.1.2.8.2 SeNB Modification Done via SCG change, i.e. L2 reset is required

(SeNB initiated SeNB Modification) | forthe UE.

MeNB makes the decision on w hether to
release the DRB entirely or change it to MCG
bearer.
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Annex N (informative):
Sidelink communication

N.1 Deployment Scenarios

Table N.1-1shows scenarios for sidelink communication where UE A and UE B are located in-coverage/out-of-
coverageofacell. When UE A has arole as transmitter, UE A sends message and UEB receives it. UE A and UE B
can change theirtransmission and receptionrole. The transmission fromUE A can be received by one or more UEs like
UE B.

Table N.1-1: Sidelink communication Scenarios

# Description UE A UE B Example
1A | Out-of-Coverage Out-of - Out-of -
Coverage Coverage
1B Partial-Coverage In-Coverage Out-of-
Coverage
1C In-Coverage- In-Coverage In-Coverage
Single-Cell
1D In-Coverage- In-Coverage In-Coverage
Multi-Cell
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Annex O (informative):
Change history

Change history (before approval)

Date TSG # TSG Doc. |CR |Rev [Subject/Comment Old New
2006-06 [RAN2 Ad.|R2-062020 First version. 0.0.0
2006-06 [RAN2 Ad.|R2-062026 RLC operationclarified; 0.0.0] 0.0.1

High priority and low priority SRBslisted in RRC;

New section on RRC procedures;

Organisation of paging groupsexplained;

New section on Support for self-configuration and self-optimisation.

2006-06 |RAN2 Ad.|R2-062036 Four possible typesof allocation addedto section 11; 0.0.1 | 0.0.2
New section forthe support forreal time IMS services.

2006-08 |RAN2#54|R2-062206 Annex B on RRC and MAC control added. 0.0.2 [ 0.0.3
Minoreditorial clarifications.

2006-09 | RAN#34 [RP-060603 Section 4 on "Overall Architecture"reorganised; 0.0.3 [ 0.0.4

Detailson RLC operation included (segmentation, PDU size);
Overview of System Information and RACH procedure added.
2006-10 [RAN2#55[R2-063012 Ciphering for RRC signallingrequired ineNB asagreed in SA3; 0.0.4 | 0.0.5
Agreementson RLC operationincluded: concatenation, discard,
polling and statusreports;

Agreed text proposal in R3-061428 on Self Configurationadded to
section 19;

Context transfer of header compression at UPE relocationlisted as
FFS.

QOutline of the RACH procedure described.

2006-10 [RAN2#55|R2-063039 Miscellaneouseditorial corrections; 0.0.5( 0.1.0
Agreed text proposal R3-061606 on Current statusof E-UTRAN
Architecture descriptionaddedto section 4;

Agreed text proposal in R3-061613 on Support for self-
configurationand self-optimisation addedto section 19.
Agreed Physical layermodel R2-063031 added to section5
2006-11 |RAN2#56 |R2-063656 Annex Con system information classificationadded (R2-063064); | 0.1.0 | 0.2.0
Integrity protectionforthe control plane only (SA3 agreement);
Agreementson PDCP and RLC PDU structure/handling reflected;
Decisionson mobility aspectssuch as load balancing, handover,
radio linkfailure andrandom accessprocedure added;

Agreed MBMS deployment scenarioslisted together with MBMS
transmissions and principlesfrom 25.813;

Agreed text proposal R3-061936 on Radio Resource Management
added to section 15;

Agreed text proposal R3-061940 on RAN Sharing addedto section
10;

Agreed text proposal R3-061943 on Roaming/Area Restrictionsin
SAE/LTE added to section10;

Agreed text proposal R3-062008 on S1 C-Plane Functionsand
proceduresadded to section 18;

Agreed text proposal R3-062011 on X2 interface addedto section
19.

20060-11 [RAN2#56|R2-063680 Incorporation of RANT agreement regarding the mandatory support| 0.2.0 | 0.3.0
of 20Mhz DL bandwidthfor UEsi.e. removal of sub-clause 16.1;
Editorial corrections.

2006-11 |RAN2#56 |R2-063681 Removal of the SA3 agreement onintegrity protection forthe user | 0.3.0 | 0.3.1
plane;

Additionof Annex D on MBMS Transmission;
Editorial corrections.

2006-11 [ RAN#34 |RP-060806 Clean version 0.3.1 [ 0.3.1
2007-01 |RAN2#56 |R2-070403 SA3 agreementon integrity protection forthe userplaneincluded | 0.3.1 | 0.4.0
bis (R2-070016);

Annex E on driversfor mobility control added (R2-070276);
Agreementson the detailsof the random accessprocedure added
in section 10.1.5 (R2-070365);

New section on UL rate control included (R2-070410);

RRC security principleslisted in section13.1 (R2-070044);
Agreement on MAC security added to section 13 (R2-062100);
Basis for DL scheduling putinsection 11.1;

Assumptionson neighbour celllistincludedin section 10.

2007-02 |RAN2#57 |R2-070451 Number of bitsfor RACH in TDD clarified; 0.4.0 0.5.0
Miscellaneouseditorial corrections.
2007-02 [RAN2#57 [R2-071073 Architecture updated accordingto R3-070397; 0.5.0 0.6.0
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Agreementsfrom R2-070802.
2007-02 [RAN2#57|R2-071120 RACH model forinitialaccessdescribed; 0.6.0 | 0.7.0
Mappingof the BCCH and System Information principlesadded;
Agreementson DRX included insection 12.
2007-02 |RAN2#57|R2-071122 Miscellaneousclarifications 0.7.0 [ 0.7.1
2007-02 [RAN2#57|R2-071123 CCCH in DL listed asFFS; 0.7.1 ] 0.8.0
SAE Gateway ID removed from section 8.2;
PDCP forthe control plane listed asFFS in section 4.3.2;
Agreementson intra-E-UTRAN handover procedure includedin
section 10.1.2 (R3-062020).
2007-03 |RAN2#57|R2-071124 Agreement on Radio AccessNetwork Sharing (R2-070551)added | 0.8.0 | 0.9.0
to section 10.1.7;
Overview of the physical layer (R1-071251) included to section 5;
Agreed text proposalson S1 interfaceincludedin Section 19 (R3-
070289, R3-070402);
Agreed text proposal R3-070409 on network sharing included in
section 10.1.7;
Agreed text proposal R3-070411 on Area Restrictionsincludedin
section 10.4;
Agreed text proposal R3-070448 on Assembly of Intra-E-UTRAN
handovercommandincludedin section10.1.2.1.1;
Agreed text proposal R3-070451 oninter RAT HO principles
includedin section10.2.2;
Agreed text proposal R3-070472 on Addressingon S1-C and X2-C
added to sections19.2 and 20.2;
Agreed text proposal R3-070494 on Initial Context Setup Function
and Procedure addedto section 19;
Agreed text proposal R3-070495 on S1 Paging functionand
procedure added to section19
Figuresfor mapping between channelssplitinto Uplinkand
Downlinkpartsin section 5.3.1 and 6.1.3.
2007-03 | RAN#35 [RP-070136 S1-U and S1-MME used throughout the document; 0.9.0 | 1.0.0
aGW replaced by EPC when still used;
Clean version forinformation
Change history (after approval)
Date TSG # |[TSG Doc. |CR Rev |Cat | Subject/Comment New
version
2007-03|RP-35 [RP-070136 |- Approved at TSG-RAN#35 and placed under Change Control 8.0.0
2007-06 [ RP-36 [RP-070399 [0001 (1 Changesto management, handover-, paging-and NAS functions, node- [8.1.0
synchronization, X2 UP protocol stack, X2 inter cell load management, IP
fragmentation, intra-LTE HO, and TArelation to cellsin eNB
RP-36 |[RP-070494 (0002 |1 Update on Mobility, Security, Random AccessProcedure, etc... 8.1.0
RP-36 |RP-070399 |0003 |- Update on MBMS 8.1.0
2007-09(RP-37 [RP-070637 (0004 (1 Update on Security, System Information, Mobility, MBMS and DRX 8.2.0
RP-37 |[RP-070637 |0005 |1 Correction of synchronization,handover, trace, eMBMS architecture,and [8.2.0
S1 common functionsand procedures
2007-12(RP-38 [RP-070913 (0006 (1 Clean up and update on security, scheduling, mobility, MBMS and DRX 8.3.0
RP-38 |RP-070913 |0007 |- Mobility management 8.3.0
RP-38 |RP-070913 |0008 |- Correction of eMBMS functionsand NAS handling during X2 handover 8.3.0
RP-38 |RP-071048 [0009 |- Update of Stage 2 to incorporate Interworking with cdma2000 8.3.0
2008-03| RP-39 |RP-080192 [0010 |- CR to 36.300 on NAS States, Persistent Scheduling, C-RNTI Allocationat |8.4.0
Handover...
RP-39 |RP-080192 |0011 |- RANS3 correctionsto 36.300 (CR0011) 8.4.0
2008-05|RP-40 [RP-080406 [0012 (1 Introduction of optimized FS2 for TDD 8.5.0
RP-40 |RP-080406 {0013 |1 System Information, Mobilty, QoS and miscellaneousupdates 8.5.0
RP-40 |RP-080406 |0014 |- Updatesto Stage 2 based on Stage 3 progresson CDMA inter-working 8.5.0
RP-40 |RP-080406 (0016 (1 CR 0016r1 to 36.300 on CSG mobility performance guidelines 8.5.0
RP-40 |RP-080406 [0017 |- CR t0 36.300 on AS-NAS interaction 8.5.0
RP-40 |RP-080420 [0018 |1 RANS3 agreed changesto TS 36.300 8.5.0
RP-40 |RP-080463 |0019 |- Network Interface for ETWS support based on CBS solution 8.5.0
2008-09(RP-41 [RP-080688 (0020 |- Correction forRename of L1/L2 control channel 8.6.0
RP-41|RP-080688 (0021 |- CR t0 36.300 on Paging Channel Description 8.6.0
RP-41|RP-080688 (0022 |- Proposed updatesto Stage 2 for COMA2000 handover 8.6.0
RP-41 |RP-080688 |0023 |- CR to 36.300 on Semi-Persistent Scheduling 8.6.0
RP-41|RP-080688 (0024 |- CR 10 36.300 on System Information 8.6.0
RP-41|RP-080688 (0026 |- Clarification of PDCCH description 8.6.0
RP-41 |RP-080688 |0027 |- Removal of DRX interval thresholdin 36.300 8.6.0
RP-41|RP-080688 (0028 |- CR on Randon Access procedure 8.6.0
RP-41 |RP-080688 (0032 (1 Transport of NAS messages by AS during Handover 8.6.0
RP-41|RP-080688 (0034 |- CR t0 36.300 capturing home eNB conclusionsof RAN2 #63 8.6.0
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RP-41|RP-080688 [0035 |- Changesto TS 36.300 agreed in RAN3#61 8.6.0
2008-12|RP-42 [RP-081016 |0036 |- CR0036 to 36.300 [Rel-8]on Contention Resolution 8.7.0
RP-42|RP-081016 [0037 |- CR0037 to 36.300 [Rel-8]on ETWS SIB 8.7.0
RP-42 |RP-081016 |0038 |- Alignmentof 36.300 with stage 3 on 1xRT T CSfallback 8.7.0
RP-42 |RP-081016 (0039 (1 Data handling in UE during Inter-RAT mobility 8.7.0
RP-42 |RP-081016 {0040 |- Removing of end time for dedicated preamble 8.7.0
RP-42 |[RP-081016 {0041 |- Remove the Note about RA preamble for FS2 8.7.0
RP-42 |RP-081016 |0042 |- Clarification of AS-NAS concatenation - Stage 2 8.7.0
RP-42 |RP-081016 (0044 |- CR 0044 to 36.300 on Miscellaneouscorrections 8.7.0
RP-42 |RP-081016 (0046 (1 Proposed CR to 36.300 [Rel-8] on Security Overview 8.7.0
RP-42|RP-081016 [0047 |- Proposed CR to 36.300 [Rel-8] on MBMS 8.7.0
RP-42 |RP-081016 [0050 |- PDCP reordering function removal 8.7.0
RP-42 |RP-081016 |0052 |- Align Number of Cell Identities 8.7.0
RP-42 |RP-081016 (0055 (2 Periodic Updatesin Connected Mode DRX 8.7.0
RP-42 |RP-081016 |0056 |- Cleaningof the figure w.r.t Handover Control Plane-CRto TS 36.300 8.7.0
RP-42 |RP-081016 [0057 |- CR to 36.300 to capture measurement model for EUTRAN 8.7.0
RP-42|RP-081016 |0058 |2 CSG Mobility Updatesfrom RAN2 #63bisand RAN2 #64 8.7.0
RP-42 |RP-081016 {0059 |- CR t0 36.300 on Correction of the Descriptionof FS2 8.7.0
RP-42|RP-081016 [0060 |- Changesto TS 36.300 agreed in RAN3#61bisand RAN3#62 8.7.0
2009-03[RP-43 [RP-090123 [0061 (1 CR to 36.300 - Clarification on RAPreambles 8.8.0
RP-43 |RP-090123 |0062 |- CR to 36.300 on E-UTRAN Identities 8.8.0
RP-43 |RP-090123 {0063 |1 CR t0 36.300 - MME in temporary UE identity 8.8.0
RP-43|RP-090123 [0064 |- UE with SIMin EUTRA 8.8.0
RP-43 |RP-090123 |0065 |- Collected 36.300 corrections 8.8.0
RP-43 |RP-090123 |0066 |- CR for 36.300 on Local NACK feature 8.8.0
RP-43 |RP-090123 [0067 |- CR for allowed CSG list 8.8.0
RP-43 |RP-090123 (0068 (3 UE capability transferupon handoverto E-UTRA 8.8.0
RP-43|RP-090123 [0069 |1 Inter-RAT ANR Function for CDMA2000 8.8.0
RP-43 |RP-090123 |0070 |- Correctionsto Handover Scenario 8.8.0
RP-43 |RP-090123 (0071 |- Correctionsto Security foralignment with 33.401 8.8.0
RP-43 |RP-090134 [0072 |- Establishment of X2 Interface to HeNB GW 8.8.0
RP-43 |RP-090134 [0073 |- Clarificationof PLMNidto be used in E-CGIl and Global eNB ID 8.8.0
RP-43 |RP-090134 |0074 |- Specification of UL PDUshandling 8.8.0
RP-43 |RP-090134 [0075 |- Update of AMBR Concept with UE-AMBR and APN-AMBR 8.8.0
RP-43 |RP-090134 (0076 |- Aligning E-RAB release request procedure with E-RAB release indication |8.8.0
in36.413
RP-43|RP-090134 [0077 |- Stage 2 CRon S1 CDMA2000 Tunnelling Function 8.8.0
RP-43 |[RP-090134 |0078 |- Finalisation of dynamic configuration of the X2 and S1 interfaces 8.8.0
RP-43 |RP-090134 [0079 |- Additionand correction of X2 proceduresin stage 2 specification 8.8.0
RP-43 |RP-090134 |0080 |- NNSF Description 8.8.0
RP-43 |RP-090134 (0081 |- Collection of minor correctionsto 36.300 agreed by RAN3 8.8.0
RP-43 |RP-090134 |0082 |- Data Forwarding Resource Release 8.8.0
RP-43 |RP-090134 |0083 |- Support of Paging Optimisationfor CSG cells 8.8.0
RP-43 |RP-090134 (0084 |- Handling of trace session and location reportingduring UE context release|8.8.0
2009-06 | RP-44 [RP-090507 [0085 |- Proposed CR to 36.300 on RLC statusreport triggers 8.9.0
RP-44 |RP-090507 |0086 |2 Updateson UE capability transfer and container handling for E-UTRA 8.9.0
RP-44 |RP-090507 |0089 |- Proposed CR to 36.300 Rel-8 on FFS and outdated statements 8.9.0
RP-44 |RP-090508 [0096 |- Removal of no longer necessary notes 8.9.0
RP-44 |RP-090508 (0097 |- Introduction of support for Cell traffic trace 8.9.0
RP-44 |RP-090508 |0098 |- Correction the text about the UE History Information 8.9.0
RP-44 |RP-090538 |0102 |- Configurationtransfer 8.9.0
2009-06 | RP-44 |- - - TS 36.300v9.0.0wascreated based on TS 36.300 v8.9.0 9.0.0
RP-44 |RP-090523 [0087 |1 MBMS baseline forRel-9 LTE 9.0.0
RP-44 |RP-090524 (0088 |- Idle mode requirementsto support Hybrid Cells 9.0.0
RP-44 |RP-090523 [0099 |- eMBMS Stage 2 description 9.0.0
RP-44 |RP-090523 (0100 |- CR for eMBMS DeploymentAlternativesin 36.300 9.0.0
RP-44 |RP-090534 (0101 (1 QoS support forHybrid CSG cells 9.0.0
RP-44 |RP-090537 |0103 |- TAlbased handoverrouting for HeNBs 9.0.0
2009-09[ RP-45 [RP-090906 (0106 (1 Correction regarding SRVCC 9.1.0
RP-45 |RP-090906 |0108 |- Clarificationon UE behaviourin case of L2 buffer overflow 9.1.0
RP-45|RP-090926 (0112 |1 IMS Emergency Call 9.1.0
RP-45|RP-090927 (0113 |- Introduction of position cause for dedicated PRACH allocation 9.1.0
RP-45|RP-090929 (0114 |- Adding Support for Explicit Congestion Notification 9.1.0
RP-45|RP-090930 (0115 (2 Agreementson inbound mobility to CSG 9.1.0
RP-45|RP-090934 (0116 |- Alignmentto the stage3 specification 9.1.0
RP-45|RP-090928 [0117 |2 MBMS agreements RAN2#66bisand RAN2#67 9.1.0
RP-45|RP-090934 |0123 |- CR to 36.300 for Stage 2 alignment of Enhanced CSFB to 1xRTT 9.1.0
RP-45 |RP-090906 |0129 |- Correctionsto ECGI Specification 9.1.0
RP-45|RP-090932 (0130 |- Support for Mobility Robustness Optimization SON Function 9.1.0
RP-45|RP-090919 (0132 |- Addition of missing Resource StatusReporting procedures 9.1.0
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RP-45|RP-090931 [0133 |- HeNB Access Mode Sginalling 9.1.0
RP-45|RP-090931 (0134 |- QoS principlesin Hybrid accesscell 9.1.0
RP-45 |RP-090933 [0136 |- Introduction of PWS (which includesETWS and CMAS)delivery function [9.1.0
RP-45|RP-090928 (0137 (1 Dynamic service multiplexing 9.1.0
RP-45|RP-090928 |0138 |- MBMS SYNC configuration 9.1.0
RP-45|RP-090932 (0140 |- Adding Mobility Load Balancing (MLB) use case to the SON section 9.1.0
RP-45|RP-090919 |0141 |- Handlingof RadioLinkFailure and S1 UE Context Release Request 9.1.0
RP-45|RP-090919 |0142 |- Introduction of informative text on Initial Context Setup failure 9.1.0
RP-45|RP-090931 (0143 |- Support for paging optimizationwith CSG membershipchanges 9.1.0
2009-12|RP-46 [RP-091314 [0145 |- CR on the usage of Transparent Mode MAC 9.2.0
RP-46 |RP-091343 |0146 |2 Capturing HeNB inbound mobility agreements 9.2.0
RP-46 |RP-091331 [0148 |1 ETWS correction to 36.300 9.2.0
RP-46 |RP-091314 |0150 |- Inclusion of INTER RAT HANDOVER INFO at HO from UTRAN to GERAN|9.2.0
RP-46 |[RP-091341 [0151 |1 MBMS Agreements 9.2.0
RP-46 |RP-091346 |0152 |- Measurement Overview 9.2.0
RP-46 |RP-091345 [0153 |1 High level feature description of CMAS 9.2.0
RP-46 |RP-091344 (0154 |1 RACH optimizationin 36.300 9.2.0
RP-46 |[RP-091314 (0156 (1 Correction on the precondition for cell reselectionto HRPD 9.2.0
RP-46 |RP-091346 [0158 |1 Miscellaneouscorrectionsto 36.300 (Rel-9) 9.2.0
RP-46 |RP-091343 |0162 |- Renaming Allowed CSG List (36.300, Rel-9) 9.2.0
RP-46 |RP-091344 |0165 |- The scope and method for HO negotiations 9.2.0
RP-46 [RP-091151 [0166 |1 Access control for handover procedures to LTE CSG/hybrid cells 9.2.0
RP-46 |RP-091341 |0167 |- Admission Control in MCE 9.2.0
RP-46 |RP-091341 |0168 |- Clarificationon SFN Synchronization 9.2.0
RP-46 |RP-091341 (0169 (1 BMSC-MCE signaling synchronization in session start message 9.2.0
RP-46 |RP-091341 |0170 |- CR on multiplexing decisionand DSP length 9.2.0
RP-46 |RP-091237 0171 |1 M3AP stage 2 9.2.0
RP-46 |RP-091150 [0172 |1 M2AP stage 2 9.2.0
RP-46 |RP-091340 |0173 |- CR for Transportationsupport forLPPa 9.2.0
RP-46 |[RP-091341 (0174 |- Introduction of MBMS for LTE: C-and U-Plane synchronisation principles [9.2.0
RP-46 |RP-091341 |0175 |- CR on Mechanism for Consecutive Packet Lossin 36.300 9.2.0
RP-46 |RP-091332 |0177 |- Overload reduction 9.2.0
RP-46 |RP-091344 |0178 |- The scope and method for HO negotiations 9.2.0
RP-46 |RP-091344 (0179 |- Introduction of MRO proceduresin stage 2 9.2.0
RP-46 |[RP-091341 (0180 (1 MCE to MME session start response 9.2.0
RP-46 |RP-091332 [0182 |- In orderdelivery of the multiple NAS PDUs 9.2.0
2010-03[RP-47 [RP-100305 (0183 |- Correction regarding support of multiple MBSFN areas 9.3.0
RP-47 |[RP-100305 (0184 (1 Correction to MBMS terminology 9.3.0
RP-47 |RP-100305 {0185 |- Correctionson eNB muting MBSFN transmission 9.3.0
RP-47|RP-100305 [0186 |- Correctionsto TS 36.300 on MBMS 9.3.0
RP-47 |RP-100306 (0187 |- CR capturing HeNB inbound mobility agreeements 9.3.0
RP-47 |RP-100308 |0188 |- Remove FFSs from RAN2 specifications 9.3.0
RP-47 |RP-100296 (0189 |- SIM based access for Emergency callsin LTE 9.3.0
RP-47|RP-100304 [0191 |- RA for Positioning 9.3.0
RP-47 |RP-100305 |0192 |- Correctionsto TS 36.300 on MBMS 9.3.0
RP-47 |RP-100308 [0196 |1 Stage 2 update for Full Configuration Handover forhandling earliereNB  [9.3.0
releases
RP-47 |RP-100296 (0197 |- Handling Kasme mismatch forIMS Emergency calls 9.3.0
RP-47 |RP-100308 {0199 |- Correction to MTU endpoint 9.3.0
RP-47 |RP-100307 |0200 |- Stage 2 correction of Load Reportingfor MLB 9.3.0
RP-47 |RP-100307 |0201 |- CR for Allowed Range in Negotiation 9.3.0
RP-47 |RP-100307 |0202 |- Clarification of definitions of HO failure cases 9.3.0
RP-47 |RP-100307 {0203 |- Clarificationon the usage of the mechanism to transfer IRAT MLB 9.3.0
information
RP-47 |RP-100305 |0204 |- MBMS Session Update in M3AP stage 2 9.3.0
RP-47 |RP-100305 [0205 |- Correction on radio bearer configuration 9.3.0
RP-47 |RP-100305 |0206 |- Correction to the MSAP occasionimplied by SYNC timestamp 9.3.0
RP-47 |RP-100305 |0207 |- MCCH related BCCH content 9.3.0
RP-47 |RP-100305 |0208 |- MCCH update synchronization 9.3.0
RP-47 |RP-100305 [0209 |- MBMS Session Update in M2AP stage 2 9.3.0
RP-47 |RP-100305 {0210 |- CR for MBMS User Data flow synchronisation in 36.300 9.3.0
RP-47 |RP-100305 [0211 |- MBMS User Data flow synchronisation 9.3.0
RP-47 |RP-100305 |0212 |- Packet dropping 9.3.0
RP-47 |RP-100305 [0213 |- SYNC sequence duration configuration in MCE 9.3.0
RP-47 |[RP-100305 |0214 |- Adding the description of simultaneously change of SIB13 and MCCH 9.3.0
RP-47 |RP-100305 [0215 |- Addition u-plane protocol stackfor M1 9.3.0
RP-47 |RP-100295 |0217 |- Queue concurrent NAS messagesif necessary forin seq delivery 9.3.0
RP-47 |RP-100295 [0219 |- Support of X2 Inter-PLMN HO 9.3.0
RP-47 |RP-100300 [0220 |- Clarificationson CSG process definitionand mobility procedures 9.3.0
RP-47 |RP-100300 |[0221 |- Correctionsof HeNB 9.3.0
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RP-47 |RP-100300 [0222 |- CSG expiry Handling 9.3.0
RP-47 |RP-100295 (0224 |- eNB/MME Status Transfer procedure 9.3.0
RP-47 |RP-100308 |0225 |- SPID implementation guidelines 9.3.0
RP-47 |RP-100308 [0226 |- Handling of handover restrictionforemergency call 9.3.0
RP-47 |RP-100300 |0227 |- Some correctionsfor HeNB 9.3.0
2010-06 | RP-48 [RP-100556 [0228 |- CR t0 36.300 forCSFB to 1xRTT 9.4.0
RP-48 |[RP-100554 (0229 (1 Proposed CR to 36.322 on RLC re-establishment for MBMS 9.4.0
RP-48 |RP-100551 (0231 |- Stage?2 correctionfor HeNB inbound handover 9.4.0
RP-48 |RP-100554 |0235 |- CR to 36.300 on MBMS terminology 9.4.0
RP-48 |[RP-100570 [0238 |1 Add MOBILITY SETTINGS CHANGE Procedure to X2-CP Procedure 9.4.0
section
RP-48 |RP-100556 (0239 |- Introduction of trace functionsand proceduresin S1 sectionsof 36.300 9.4.0
(contact: Motorola)
RP-48 |RP-100554 |0240 |- Correction of Synchronization Sequence (contact: Alcatel-Lucent Shanghai|9.4.0
Bell, Alcatel-Lucent)
RP-48 |[RP-100552 |0241 |- Clarification of CSG / Hybrid cell definitions(contact: Ericsson) 9.4.0
RP-48 |RP-100555 |0242 |- SON stage 2 clean up (contact: Samsung, Nokia SiemensNetworks) 9.4.0
RP-48 |RP-100555 (0243 |- Updating Stage-2 on R9 Automatic Neighbour Relation Function (contact: |9.4.0
ETRI, Samsung)
RP-48 |RP-100554 [0244 |1 Adding of descriptionin EUTRAN for IP Multicast (contact: NEC) 9.4.0
RP-48 |[RP-100556 |0245 |- Correction of trace failure descriptionin Stage 2 (contact: NEC, Motorola, |9.4.0
Huawei)
RP-48 |RP-100554 |0246 |- Correction of packet dropping (contact: Alcatel-Lucent Shanghai Bell, 9.4.0
Alcatel-Lucent)
RP-48 |RP-100552 |0247 |- Clarification of paging optimization (contact: Qualcomm) 9.4.0
2010-06| RP-48 |- - - TS 36.300v10.0.0 wascreated based on TS 36.300v9.4.0 10.0.0
RP-48 |RP-100561 |0230 |3 Stage 2 description of Carrier Aggregation 10.0.0
RP-48 |[RP-100562 (0232 |1 Stage-2 descriptionof relayinginto 36.300 10.0.0
2010-09(RP-49 [RP-100865 (0248 (4 Correctionsand new Agreementson Carrier Aggregation 10.1.0
RP-49 |RP-100866 [0249 |1 36.300 CRforstage 2 RAN #70bisand #71 agreementsof relaying 10.1.0
RP-49 |RP-100866 [0255 |- Start-up procedure forrelays 10.1.0
RP-49 |RP-100851 |0257 |- Keeping neighbouringeNBsup-to-date withcomplete list of served cells  [10.1.0
(contact: NSN)
RP-49 |RP-100851 [0259 |- Description of Energy Saving mechanisms(contact: Ericsson) 10.1.0
RP-49 |RP-100866 (0260 |- Handoverrequest routing toward RN (contact: Huawei) 10.1.0
RP-49 |[RP-100853 (0262 |- MBMS Session Update procedure (contact: Motorola) 10.1.0
RP-49 |RP-100860 |0264 |- CS FallbackIndicationand Handover Restriction List (contact: NEC) 10.1.0
RP-49 |RP-100866 |0265 |- X2-AP non UE dedicated messageshandling (contact Huawei) 10.1.0
RP-49 |RP-100866 |0266 |- Detach procedure forrelays(contact: NTT DOCOMO) 10.1.0
RP-49 |[RP-100866 (0267 (1 RN and DeNB OAMs should be able to exchange info (contact: Ericsson) [10.1.0
RP-49 |RP-100882 [0268 |- CSFB summary 10.1.0
2010-12|RP-50 [RP-101226 |0269 |2 Correctionsand new agreementson Carrier Aggregation 10.2.0
RP-50 |RP-101206 |0271 |- 36300_CRxxx_Handover for Hybrid Cells 10.2.0
RP-50 |[RP-101208 (0273 |- Correction on MAC paddingon MCH 10.2.0
RP-50 |RP-101228 |0274 |3 Additionsand correctionsto relayingdescription 10.2.0
RP-50 |[RP-101231 (0275 (1 LTE - Stage 2 agreementson MBMS enhancement 10.2.0
RP-50 |[RP-101214 [0276 |1 CR t0 36.300 adding e 1xCSFB support fordual Rx/Tx UE 10.2.0
RP-50 |[RP-101214 0277 |- Editorial Clean-Up 10.2.0
RP-50 |RP-101229 [0278 |1 Introduction of enhancedICIC 10.2.0
RP-50 |RP-101214 10285 |2 Setting of Maximum Bit Rate (MBR)to be greaterthanthe GuaranteedBit|10.2.0
Rate (GBR) over E-UTRA: MBR enforcement at eNB side.
RP-50 |RP-101214 |0286 |- CR for Description of Energy Saving 10.2.0
RP-50 |RP-101228 (0287 |- S1 non UE associated message handling 10.2.0
RP-50 |RP-101214 [0288 |- Clarificationto ANR Operation 10.2.0
RP-50 |[RP-101228 |0289 |- P-GW function embedded in DeNB and addressing requirements 10.2.0
RP-50 |[RP-101228 (0290 |- eNB Configuration Update procedure in RN startup and detach procedure [10.2.0
RP-50 |RP-101231 (0291 |- Introduction of MCE initiated MBMS Session Start Request 10.2.0
RP-50 |RP-101228 [0292 |- No NNSF functioninRN 10.2.0
RP-50 |RP-101228 |0293 |- S1 handoverroutingtoward RN 10.2.0
RP-50 |RP-101228 [0294 |- TNL address Handling 10.2.0
RP-50 |RP-101214 |0295 |- Correction on SPID Transfer 10.2.0
RP-50 |[RP-101231 {0296 |- Support of ARP Pre-emption 10.2.0
RP-50 |[RP-101231 (0297 |- Support of MBMS Service Counting Report procedure 10.2.0
RP-50 |[RP-101222 {0298 |- Stage 2 forthe X2 based mobility enhancement between HeNBs 10.2.0
RP-50 |RP-101230 (0299 |- Introduction of event-triggeredinter-RAT cellload reporting 10.2.0
RP-50 |RP-101216 |0300 |- Introductionof LIPA function 10.2.0
RP-50 |RP-101228 |0301 |- OAM requirementsfor QCl to DSCP mapping configforrelays 10.2.0
RP-50 |[RP-101228 |0302 |- Non UE associated message handling 10.2.0
RP-50 |RP-101224 [0303 |- Introductionof MTC Overload Support 10.2.0
RP-50 |RP-101228 |0304 |- Relay Node Un Signalling Transport Support 10.2.0
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RP-50 |RP-101214 [0305 |- Complete S1 Interface Signalling Procedures 10.2.0
RP-50 |[RP-101229 (0306 (1 X2 procedure and OAM requirementsto support elCIC 10.2.0
RP-50 |[RP-101228 |0307 |- Stage-2 updatesto RN initial attachment 10.2.0
RP-50 |[RP-101230 |0308 |- Functionality of SON MRO definedfor Rel.10 10.2.0
2011-03[RP-51 [RP-110280 (0309 |- Enforcing uplink MBRin the eNodeB 10.3.0
RP-51|RP-110291 {0310 |- Implementation Updateson Non-UE associated S1X2 message Handling |[10.3.0
RP-51 |RP-110292 (0311 |- Introduction of 2 subsets for pattern 3 10.3.0
RP-51|RP-110280 (0312 |- MBR managementforuplinkgrant 10.3.0
RP-51 |RP-110289 [0313 |- Measurementsin CA 10.3.0
RP-51 |RP-110289 [0314 |1 Annex J Clean Up 10.3.0
RP-51 |RP-110291 |0317 |- Stage-2 relay updates 10.3.0
RP-51|RP-110291 (0320 (2 stage-2 clarification on relay security 10.3.0
RP-51|RP-110280 (0321 |- stage-2 Clarificationon handover and system information description 10.3.0
RP-51|RP-110280 (0324 |- CR t0 36.300 adding UE capability indicator fordual Rx/Tx e 1xCSFB 10.3.0
RP-51 |RP-110292 (0328 (1 Update of Inter-cell Interference Coordination Feature Description 10.3.0
RP-51 |RP-110292 [0330 |1 CR on ABS definition 10.3.0
RP-51 |RP-110280 |0331 |- Fixincorrect name for CT4 GTP message in HO Procedure 10.3.0
RP-51|RP-110280 (0332 |- CR for MBMS User Data flow synchronisation 10.3.0
RP-51 |RP-110294 |0333 |- Remove Procedure Listsfor MBMS 10.3.0
RP-51 |RP-110283 |0334 |- Routing functionality for X2 handover between HeNB 10.3.0
RP-51 |RP-110291 |0335 |- Update to OAM Traffic QoS requirements 10.3.0
RP-51 |RP-110278 [0336 |- Completion of LIPA feature 10.3.0
RP-51 |RP-110293 (0337 |- Editorial update forinter-RAT load reporting 10.3.0
RP-51 |RP-110280 |0338 |- Correction of MBMS Deployment consideration 10.3.0
RP-51|RP-110292 [0339 |- OAM requirement fortime domain elCIC for macro-pico scenario 10.3.0
RP-51 |RP-110293 [0340 |- Cleanup of MRO 10.3.0
RP-51 |RP-110291 (0341 |- Stage-2 Updatesof Relaying 10.3.0
RP-51 |RP-110278 |0342 |- Clean up of LIPA 10.3.0
RP-51 |RP-110272 |0344 |- Correction to usage of Handover Report for MRO 10.3.0
RP-51|RP-110291 (0345 |- Clarification of the RN authorisation 10.3.0
RP-51|RP-110293 (0346 |- Requirementsfor OAM control of MRO 10.3.0
RP-51 |RP-110278 |0347 |- LIPA packets reordering in downlink 10.3.0
RP-51 |RP-110282 |0348 |- Support forMDT 10.3.0
RP-51 |RP-110280 |0349 |- Introduction of a Stepwise Load Reduction Indicationforthe Overload 10.3.0
procedure in Stage 2
RP-51 |RP-110294 (0350 |- Remove FFS on Differentiating the Receiving or Interested UEs 10.3.0
RP-51 |RP-110223 (0352 |- Correction on MBMS Reset procedure 10.3.0
RP-51 |RP-110291 [0353 |- Clarification of RN Architecture and Startup 10.3.0
RP-51|RP-110291 [0354 |- Miscellaneoussmall correctionsto TS 36.3000n Relay 10.3.0
RP-51 |RP-110294 [0355 |- Suspension and Resume function 10.3.0
RP-51 |RP-110280 (0356 |- Correction on physical layerparton TS 36.300 10.3.0
RP-51 |RP-110405 |0358 |3 CSFB to GERAN 10.3.0
2011-06 | RP-52 [RP-110839 [0359 |- clarification on redirectionin 36.300 10.4.0
RP-52 |RP-110850 |0360 |- CR to0 36.300 forelCIC updates 10.4.0
RP-52 |RP-110836 (0361 |- Update of the MCCH Structure descriptionfor CountingRequest message [10.4.0
RP-52 |RP-110839 |0362 |- Miscellaneouscorrectionsto 36.300 10.4.0
RP-52 |RP-110850 (0363 |1 Correctoin on elCIC description 10.4.0
RP-52 |RP-110839 |0365 |2 Some small correctionsto 36.300 10.4.0
RP-52 |RP-110846 (0369 |- UE receiverwindow for Inter-band non-contiguous CA 10.4.0
RP-52 |RP-110843 [0370 |1 Capture the stage2 RLF agreement 10.4.0
RP-52 |RP-110839 (0372 |- Clarificationon MME selection 10.4.0
RP-52 |RP-110839 [0373 |- Correction on the Release of Supporting SRVCC 10.4.0
RP-52 |RP-110839 (0374 |- Correction of the area restrictionsdescription 10.4.0
RP-52 |RP-110839 |0375 |- Correcting the Note regarding the usage of the GUMMEI 10.4.0
RP-52 |RP-110836 |0376 |- Correction of Counting Function 10.4.0
RP-52 |RP-110836 0377 |- Correction of MBMS Service Suspensionand Resumption Function 10.4.0
RP-52 |[RP-110849 (0378 |- Relaying Stage 2 Corrections 10.4.0
RP-52 |RP-110839 |0379 |- Correction of Reset 10.4.0
RP-52 |RP-110839 (0380 |- Cleanup general topicsbefore Rel-10 closure 10.4.0
RP-52 |RP-110839 [0381 |- Cleanup of HeNB related topicsbefore Rel-10 closure 10.4.0
RP-52 |RP-110713 (0382 |- Clarificationto detection of unnecessary IRAT handover 10.4.0
RP-52 |[RP-110714 |0383 |- Release the UE contextin the source HeNB-GW after HeNB-HeNB X2 HO [10.4.0
RP-52 |RP-110851 |0384 |- Correctionsof MRO 10.4.0
2011-09|RP-53 [RP-111280 |0388 |- RLC/MAC synchronizationfor MBSFN 10.5.0
RP-53 |RP-111297 {0390 |- Miscellaneouscorrection to 36.300 on Security Overview 10.5.0
RP-53 |RP-111297 |0391 |- Correctionsto 1xRTT CS Fallback 10.5.0
RP-53 |RP-111287 |0392 |- Correctionson MCCH and MBMS counting 10.5.0
RP-53 |RP-111297 [0393 |- Correction on the MME Direct Information Transfer procedure 10.5.0
RP-53 |RP-111290 (0394 |- Security Mechanism for H(e)NB "no-IPsec" usage option 10.5.0
RP-53 |RP-111287 [0395 |- Correction of MBMS Suspension Function 10.5.0
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RP-53 |RP-111288 [0396 |- Cleanup of editor'snotesforrelay 10.5.0
RP-53 |RP-111292 (0397 |- Correction on LIPA PDN Deactivationfor X2 HO 10.5.0
RP-53 |[RP-111290 |0398 |- Correction of Release Indication 10.5.0
RP-53 |RP-111297 |0399 |- Correction of Trace Function 10.5.0
RP-53 |RP-111288 (0400 |- RN security correction 10.5.0
RP-53 |RP-111297 |0401 |- Correction of Emergency Call 10.5.0
RP-53 |RP-111290 |0402 |- Overload Handling by HeNB GW 10.5.0
RP-53 |RP-111287 |0403 |- Synchronisation of MBMS Service Resumption 10.5.0
RP-53 |RP-111287 (0404 |- Miscellaneous Correction forMBMS 10.5.0
RP-53 |[RP-111291 (0405 (1 Small correction on unnecessary IRAT HO 10.5.0
RP-53 |RP-111297 |0406 |- Clarification of TAl handlingbetween MME and HeNB(-GW) 10.5.0
2011-12|RP-54 [RP-111714 0411 |- Correction on RN security 10.6.0
RP-54 |RP-111711 [0413 |- HeNB Architecture Clarification 10.6.0
RP-54 |RP-111604 (0414 |1 Correction of Support for RACH optimization 10.6.0
RP-54 |RP-111711 |0415 |- Correction of inbound mobility 10.6.0
RP-54 |[RP-111714 {0416 |- Correction of MBMS Resumption Function 10.6.0
RP-54 |RP-111711 |0418 |- Routing of MME Direct Information Transfer message 10.6.0
RP-54 |RP-111714 {0419 |- Correction of support for Mobility Robustness Optimisation 10.6.0
RP-54 |RP-111714 {0420 |- Clarificationof MRO Unnecessary Handover 10.6.0
RP-54 |RP-111716 |0421 |- Correction of the MRO stage-2 description 10.6.0
2011-12(RP-54 |- - - TS 36.300v11.0.0 wascreated based on TS 36.300v10.6.0 11.0.0
RP-54 |RP-111644 (0417 |1 MME behaviorin case of broken SCTP connection 11.0.0
RP-54 |RP-111721 |0422 |- Additionof M3 Setup 11.0.0
RP-54 |RP-111721 |0423 |- Correction of MCCH Update Synchronization mechanism 11.0.0
2012-03|RP-55 [RP-120327 (0425 |- Correction to the handling of RRC container during theinter-RAT handover{11.1.0
RP-55 |RP-120329 (0431 |- Correction on MME/eNB behaviourin case of broken SCTP connection 11.1.0
RP-55 |RP-120329 (0432 |- Correction of Emergency Call 11.1.0
RP-55|RP-120232 |0434 |- Correction on unnecessary HO 11.1.0
RP-55|RP-120326 (0435 |- CR for clarification of eMBMS architecture description 11.1.0
RP-55 |RP-120326 (0437 |- Restriction on Rel-10 X2-based handover between HeNBs 11.1.0
2012-06 [ RP-56 [RP-120821 [0439 |3 Introduction of service continuity improvementsforMBMS on LTE 11.2.0
RP-56 |RP-120807 |0441 |- Clarification on networking sharing for MBMS 11.2.0
RP-56 |RP-120812 (0444 |- Correction to Measurement Restriction Description of elCICin 36.300 11.2.0
RP-56 |RP-120817 |0445 |- Introduction of Absolute Priority Based Cell Reselectionto CELL_FACHin [11.2.0
36.300
RP-56 |RP-120823 (0446 (1 Stage-2 CRon signalling and procedure forinterference avoidance forIDC(11.2.0
RP-56 |[RP-120822 (0450 (3 Stage 2 CRon eDDA UE assistance information 11.2.0
RP-56 |RP-120813 [0452 |1 Korean Public Alert System (KPAS)and EU-Alertinrelation to CMAS 11.2.0
RP-56 |RP-120819 |0453 |1 Introduction of MDT enhancements- multi-PLMN RLF Report 11.2.0
RP-56 |RP-120811 (0456 |- Correction on Session Start and Session Stop procedure 11.2.0
RP-56 |RP-120812 |0457 |- Correction of the MRO definitions 11.2.0
RP-56 |[RP-120812 (0459 |- Clarificationon MME'ssupport forinter-PLMN handoverto CSG and 11.2.0
hybrid cells
RP-56 |[RP-120811 |0461 |- GUMMEI handling by RN and HeNB 11.2.0
RP-56 |RP-120811 [0462 |- Clarificationon TACinX2 Setup 11.2.0
RP-56 |RP-120811 [0463 |- Correction of Session Update 11.2.0
RP-56 |RP-120824 |0464 |- Additionof Energy Saving function for Inter-RAT scenario 11.2.0
RP-56 |RP-120807 |0465 |- MCE and MBSFN role fordistributed MCE architecture 11.2.0
RP-56 |RP-120881 [0470 |1 PClrange note on RAN sharing 11.2.0
2012-09(RP-57 [RP-121371 [0472 |- Introduction of EAB 11.3.0
RP-57 |RP-121395 |0475 |- Correctionsto physical channelsof RN and the numberof measurement [11.3.0
types
RP-57 |RP-121374 (0476 (1 Network Based Positioning Support 11.3.0
RP-57 |RP-121379 [0481 |- 36300_CRon the addition of the stage-2 agreementson IDC 11.3.0
RP-57 |RP-121377 (0483 |1 Introduction of Carrieraggregationenhancements 11.3.0
RP-57 |RP-121137 |0493 |- Support of MBMS Service Continuity 11.3.0
RP-57 |RP-121140 |0494 |- Correction of GUMMEI 11.3.0
RP-57 |RP-121382 |0495 |- Verification of HeNB Identity 11.3.0
RP-57 |RP-121140 {0496 |- Introduction of UE Radio Capability Match procedure 11.3.0
RP-57 |RP-121372 |0497 |- Support forinter-RAT MRO 11.3.0
RP-57 |RP-121140 |0498 |- EAB for CN Overload Control 11.3.0
RP-57 |RP-121372 |0499 |- Description of the failure information retrieval functionfor SON MRO 11.3.0
purposes
RP-57 |RP-121372 |0500 |- Description of the inter-RAT ping-pong problem 11.3.0
RP-57 |RP-121138 (0501 |- Addition of UE measurementssolutionfor Inter-RAT energy saving 11.3.0
scenario
2012-12|RP-58 [RP-121953 [0502 |- Addition of the stage-2 agreementson IDC 11.4.0
RP-58 |RP-121940 |0503 |- Clarificationon PCell SIB15 11.4.0
RP-58 |[RP-121957 |0504 |- Clarification on Radio linkfailure recovery 11.4.0
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RP-58 |[RP-121959 [0505 |- CR t0 36.300 on introducing ROHC context continue forintra-ENB 11.4.0
handover
RP-58 |RP-121958 [0506 |- Introduction of networksharing for CDMA2000 inter-working 11.4.0
RP-58 |RP-121932 |0510 |- Correction on effect of MBMS on unicast mobility procedures 11.4.0
RP-58 |[RP-121957 |0512 |- Clarification on sending timingadvance updates 11.4.0
RP-58 |[RP-121957 (0513 |- Clarificationon inter-RAT handover 11.4.0
RP-58 |RP-121932 [0518 |- Correction to padding on RLC UM PDU corresponding to MTCH/MCCH  [11.4.0
RP-58 |RP-121952 |0519 |- Stage 2 aspectsof UE assistance information 11.4.0
RP-58 |[RP-121950 |0521 |- Stage 2 forthe FelCIC 11.4.0
RP-58 |[RP-121933 (0528 |- correction for Inter-RAT ANR 11.4.0
RP-58 |[RP-121955 (0529 |1 Introduction of CoMP 11.4.0
RP-58 |RP-121948 |0530 |- HeNB Mobility enhancement 11.4.0
RP-58 |[RP-121957 |0531 |- Verification of HeNB 11.4.0
RP-58 |RP-121957 |0532 |- Clarification of scenario for Handover Report procedure 11.4.0
RP-58 |RP-121957 |0533 |- Correction of GUMMEI TypeforRN 11.4.0
RP-58 |RP-121948 |0534 |- UE context release in source HeNB GW after X2 handoverfrom HeNBto [11.4.0
eNB
RP-58 |[RP-121947 [0535 |- Update of the stage-2 MRO specificationforinter-RAT failure detection 11.4.0
RP-58 |RP-121947 |0536 |- Update of the stage-2 MRO specificationforintra-RAT HetNet failure 11.4.0
detection
RP-58 |RP-121947 |0537 |- Update of the stage-2 MRO specification forinter-RAT ping-pongdetection|11.4.0
RP-58 |RP-121936 (0538 |- Restriction of Resource Allocationduring SCell activation 11.4.0
RP-58 |RP-121932 |0539 |- Misc correctionson MBMS 11.4.0
RP-58 |[RP-121957 |0540 |- Correction on UE Radio Capability Match 11.4.0
RP-58 |RP-121957 [0541 |- Clarificationon the use of HRL in GWCN scenarios 11.4.0
RP-58 |RP-121732 (0542 |- Membership Verificationfor HeNB Enhanced Mobility 11.4.0
RP-58 |RP-121739 |0543 |- New Information for BBF access 11.4.0
2013-03[RP-59 [RP-130248 [0544 (2 Clarificationon the ANRwhen UTRAN isshared 11.5.0
RP-59 |RP-130241 [0545 |- IDC Problem Reporting 11.5.0
RP-59 |RP-130247 (0548 |- Correctionson mobility to CSG and hybrid cells 11.5.0
RP-59 |RP-130248 [0550 |- 36300 CR(Rel-11)_Miscellaneouscorrection to 36.300 on handover 11.5.0
RP-59 |RP-130248 |0551 |- Clarificationon PS handover from GERAN to EUTRAN 11.5.0
RP-59 |RP-130241 [0556 |- Introductionof EPDCCH in TS 36.300 11.5.0
RP-59 |RP-130241 |0557 |- Clarifying theimpact of PPl on QoS 11.5.0
RP-59 |RP-130241 {0559 |- Correction of BBF Access Interworking 11.5.0
RP-59 |RP-130248 |0560 |- Correction of GUMMEI Type mandatory inclusion 11.5.0
RP-59 |RP-130240 |0561 |- Correction of IRAT MRO 11.5.0
RP-59 |RP-130248 (0562 (1 Clarificationon the Absence of HRL 11.5.0
RP-59 |RP-130248 [0563 |- Correction of update of MBMS parameters 11.5.0
2013-06 [ RP-60 [RP-130809 (0564 |- Introductionof SIB16 11.6.0
RP-60 |RP-130808 |0565 |- Correction of timing reference of STAG 11.6.0
RP-60 |RP-130809 [0566 |- Correction on physical layerparton TS 36.300 11.6.0
RP-60 |[RP-130805 (0571 |- Correction to correlation IDin LIPA 11.6.0
RP-60 |RP-130804 |0573 |- Correction on the another secured interface for LIPA 11.6.0
RP-60 |RP-130809 |0574 |- Clarification on area restriction information propagation 11.6.0
RP-60 |RP-130809 [0575 |- Correction on the update of time of MBMS data transfer 11.6.0
RP-60 |[RP-130640 (0577 |- Correction on RLF Indication procedure 11.6.0
RP-60 |[RP-130809 (0578 |- Clarificationon the UE reported timerin MRO 11.6.0
2013-09|(RP-61 [RP-131315 (0582 |- Modificationto CA downlinktiming difference 11.7.0
RP-61|RP-131319 [0583 |- Correction on the MBMS session update 11.7.0
RP-61|RP-131315 [0585 |- Transfer GRE key to MME for PMIP-based S5 11.7.0
RP-61 |RP-131319 |0586 |- Correction of HeNB Verification 11.7.0
RP-61 |RP-131320 |0587 |- Correction of Service Area Identity Null 11.7.0
RP-61|RP-131152 |0588 |1 Correction of terminology concerning the mobility restriction function 11.7.0
2013-12(RP-62 [RP-131995 (0589 |- Clarificationon Minimum Transport Block Size of Msg3 11.8.0
RP-62 |[RP-131989 (0593 (1 Maximum uplinktransmission difference 11.8.0
RP-62 |RP-131995 |0604 |- Correction of Weight Factor 11.8.0
RP-62 |RP-132001 |0597 |- Load reportingbetweenLTEand eHRPD 12.0.0
RP-62 |RP-132002 [0598 |- LAPI for NNSF 12.0.0
RP-62 |RP-132002 |0599 |- Restoration of eMBMS Bearer Services 12.0.0
RP-62 |RP-131910 |0600 |- Kill AllWarmingMessages 12.0.0
RP-62 |RP-131999 (0602 |- Introduction of Collocated L-GW for SIPTO@LN 12.0.0
RP-62 |RP-131999 (0603 |- Introduction of SIPTO@LN Stand-Alone inLTE Stage 2 12.0.0
RP-62 |RP-131916 (0606 |- Support forconnected modeinbound mobility to shared CSG/hybridcell [12.0.0
2014-03|RP-63 [RP-140353 (0610 |- Introductionof CS to PS SRVCC 12.1.0
RP-63 |RP-140351 |0615 |- Reporting of User Location Information at E-RAB release 12.1.0
RP-63 |RP-140360 (0616 |- PWS Restart Indication 12.1.0
2014-06 | RP-64 [RP-140876 [0616a(1 Update of CA deployment scenarios 12.2.0
NOTE
RP-64 |RP-140892 (0626 |- Outdated Statement on Security Key Corruption 12.2.0
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RP-64 |RP-140884 (0627 |- Stage 2 description of eIMTA feature 12.2.0
RP-64 |RP-140881 (0628 |- Stage 2 description of Power SavingMode feature forLTE 12.2.0
RP-64 |RP-140888 |0630 |- Introduction of TDD-FDD CA into stage 2 12.2.0
RP-64 |RP-140883 |0636 |- Stage-2 detailsof WLAN/3GPP Radio Interworking forLTE 12.2.0
RP-64 |RP-140884 |0637 |- Introductionof LTETDD eIMTA 12.2.0
RP-64 |RP-140891 (0638 |- MBMS Bearer priority Update 12.2.0
RP-64 |RP-140886 |0639 |- HeNB ID verification in PWS Restart Indication message 12.2.0
RP-64 |RP-140897 (0640 |- Updating X2 GW Stage 2 Description 12.2.0
2014-09RP-65 |[RP-141504 (0642 |- Stage-2 detailsof WLAN/3GPP Radio Interworking for LTE 12.3.0
RP-65 |RP-141496 (0645 |- Clarificationon Service Continuity 12.3.0
RP-65 |RP-141506 (0652 (3 Stage 2 aspectsof low complexity UE features 12.3.0
RP-65 |RP-141520 |0653 |- Introduction of the UE history reported from the UE 12.3.0
RP-65|RP-141498 [0655 |- Correctionsto MBMS SAI 0 12.3.0
RP-65 |RP-141509 |0656 |- Introduction of inter-eNB CoMP 12.3.0
RP-65 |RP-141505 (0657 |- Stage 2 alignment following introduction of context fetch 12.3.0
RP-65 |RP-141511 |0658 |- Delete stage 3 detail on cause of the RLF 12.3.0
RP-65 |RP-141508 |0659 |- Support of Radio-interface Based Synchronization by OAM configuration [12.3.0
RP-65 |RP-141518 |0660 |- Introduction of CN assistance information 12.3.0
2014-12|RP-66 [RP-142122 |[0661 |- Correctionsfor RAN assisted WLAN interworking 12.4.0
RP-66 |RP-142122 (0663 |- Clarificationon handling of dedicated parametersupon cell 12.4.0
selection&reselection
RP-66 |RP-142128 |0673 |- Stage-2 description of Increased Carrier monitoring feature 12.4.0
RP-66 |[RP-142122 {0665 |- Addition of SystemInformationBlockT ype17into Stage 2 description 12.4.0
RP-66 |RP-142115 [0670 |- Order of MCCH messages in a MAC PDU 12.4.0
RP-66 |RP-142132 |0667 |- Stage-2 description of Small Cell EnhancementsPhysical Layer 12.4.0
RP-66 |RP-142139 |0671 |- Introduction of NAICS 12.4.0
RP-66 |RP-142129 |0666 |- Correction to stage 2 description of Low Complexity UEs 12.4.0
RP-66 |RP-142135 [0675 |- Introduction of Dual Connectivity 12.4.0
RP-66 |RP-142137 |0681 |1 Introduction of ProSe 12.4.0
RP-66 |RP-142082 |0683 |- Additionof RLF reportingover S1 12.4.0
RP-66 |RP-142132 |0684 |- Furtherdetail on the required OAM configuration to support RIBS 12.4.0
RP-66 |RP-142136 [0685 |- Completion of stage-2 inter-eNB CoMP 12.4.0
RP-66 |RP-142093 |0686 |- TNL address selection for HeNB scenario 12.4.0
RP-66 |RP-142094 |0687 |- X2 Removal Signaling Description 12.4.0
RP-66 |RP-142140 |0688 |- Clarification of the usage of radiomeasurementsin the RLF report 12.4.0
2015-03|RP-67 [RP-150374 [0693 |- Correctionsto stage 2 description of ProSe 12.5.0
RP-67 |RP-150373 |0692 |- Addition of PDCP-PDU retransmission to PDCP functions 12.5.0
RP-67 |RP-150373 |0691 |- Clarificationon DC 12.5.0
RP-67 |RP-150373 |0705 |- Clarificationon SCG change definition 12.5.0
RP-67 |RP-150375 (0700 |- Introduction of MBMS congestion managementfor Public Safety Group 12.5.0
Call
RP-67 |RP-150348 (0707 |- Correction of the Usage of the MultibandInfoList IE 12.5.0
RP-67 |RP-150373 (0708 |- Clarification of the descriptionof the NAICS procedure 12.5.0
RP-67 |RP-150373 |0709 |- Correction on SeNB behaviour for distinguishing uplink PDCP PDUs 12.5.0
RP-67 |RP-150373 |0710 |- Correction on DL Data Forwarding for Split Bearer 12.5.0
RP-67 |RP-150373 [0698 |1 Minor correctionson DC 36.300 12.5.0
2015-06 [ RP-68 [RP-150921 [0756 |- Resource pool forout of coverage UE 12.6.0
RP-68 |RP-150921 |0757 |- Dual Connectivity Corrections 12.6.0
RP-68 |[RP-150921 |0758 |- Correctionson Stage-2 descriptionsfor ProSe 12.6.0
RP-68 |[RP-150921 (0759 (1 Need for SIB18 in a cell on non-Public Safety ProSe Carrier 12.6.0
RP-68 |RP-150921 |0761 |- Allocationof LCIDin DC 12.6.0
RP-68 |RP-150921 (0760 (2 Addition of DC Operation Overview and Minor Clarifications 12.6.0
RP-68 |[RP-150921 |0763 |- Clarificationon CQlI reporting in dual connectivity 12.6.0
RP-68 |RP-150921 |0764 |- Correction to the characteristicsof SL-DCH 12.6.0
RP-68 |[RP-150943 (0712 |1 Clarificationon UE-AMBR for split bearer 12.6.0
RP-68 |RP-150921 |0723 |1 Introduction of Group CalleMBMS congestion management 12.6.0
RP-68 |[RP-150921 (0721 (2 Correction on SeNB initiated SeNB Modification procedure 12.6.0
RP-68 |[RP-150921 (0733 |- Correction on MeNB behaviour for distinguishing downlink PDCP PDUs 12.6.0
2015-06 [ RP-68 [RP-150946 (0771 |- eMBMS Altermnative IP Multicast distribution address 13.0.0
RP-68 |RP-150925 |0711 |4 Introduction of enhancedinter-eNB CoMP 13.0.0
RP-68 |RP-150945 |0730 |6 SON support fordynamic deployment changes 13.0.0
2015-09|RP-69 [RP-151520 [0792 |- Sidelinkterminology alignmentinTS 36.300 13.1.0
2015-12|RP-70 [RP-152074 [0796 |- Introduction of DC enhancement 13.2.0
RP-70 |RP-152075 |0801 |- Introduction of RS-SINR measurements 13.2.0
RP-70 |[RP-152053 {0803 |- Correctionson sidelinkrelated description in TS 36.300 13.2.0
RP-70 |RP-152077 |0809 |1 Introduction of LTE-WLAN Radio Level Integrationand Interworking 13.2.0
Enhancement stage-2
RP-70 |RP-152080 (0799 |1 Introductionof SC-PTM 13.2.0
RP-70 |RP-152081 (0797 (1 Removing SCG change restrictionsregardinguponhandover 13.2.0
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RP-70 |RP-152075 [0806 |2 Introduction of MCLD 13.2.0
RP-70 |[RP-152069 (0810 (2 Introduction of low complexity UE and enhanced coverage features 13.2.0
RP-70 |RP-152072 |0820 |- Introductionof eD2D 13.2.0
RP-70 |RP-152080 |0813 |- Introductionof SC-PTM 13.2.0
RP-70 |RP-152084 (0814 |- Introduction of PWS Failure Indication message 13.2.0
RP-70 |RP-152084 (0815 |- Addition of the information on the notificationfor plannedreconfiguration [13.2.0
RP-70 |RP-152070 |0816 |- Enhanced overload procedure in RAN sharing 13.2.0
RP-70 |RP-152081 |0817 |- Tunnel Information of BBAI in Dual Connectivity 13.2.0
RP-70 |RP-152081 |0818 |- Adding CSG supportto DC 13.2.0
RP-70 |RP-152081 [0819 |- Supportof SIPTO@LN and LIPA forDC 13.2.0
RP-70 |RP-152070 |0728 |11 Monitoring traffic volume per QoS group per PLMN 13.2.0
RP-70 |RP-152081 |0772 |6 Introduction of handover enhancement for Dual Connectivity 13.2.0
RP-70 |RP-152067 (0779 |5 Introduction of Dedicated Core Network (DECOR) feature 13.2.0
RP-70 |RP-152076 |0821 |- Introducing extended DRX 13.2.0
RP-70 |RP-152078 |0798 |2 Introduction of Licensed-Assisted Access using LTE 13.2.0
RP-70 |RP-152050 [0794 |1 IDC Overview Correction 13.2.0
RP-70 |RP-152083 (0800 (3 Introduction of Stage 2 text for LT E-WiFiintegration forlegacy WLAN 13.2.0
RP-70 |RP-151957 [0822 |- 36.300 CR forcapturing B5C and PUCCH on SCell 13.2.0
2016-03[RP-71 [RP-160470 (0824 (1 Clarificationon SC-PTM 13.3.0
RP-71|RP-160470 [0825 |1 Clarificationrelated to SC-MCCH Change Notification 13.3.0
RP-71|RP-160467 |0827 |- Clarificationon Splitbearer 13.3.0
RP-71 |RP-160470 |0829 |3 IDC supportin LAA 13.3.0
RP-71|RP-160456 {0830 |- Paging occasionmonitoring when eDRX isconfigured 13.3.0
RP-71|RP-160458 |0839 |4 Stage-2 text for LWIP Tunnel Clarifications 13.3.0
RP-71|RP-160457 |0840 |2 TS 36.300 Stage-2 CR correction for LWA 13.3.0
RP-71|RP-160454 10841 |2 Clean up and correctionsforeD2D 13.3.0
RP-71|RP-160470 (0842 (1 Mappingbetween Channel AccessPriority Classes and QCl values 13.3.0
RP-71|RP-160470 |0843 |2 Multiplexing of datain LAA 13.3.0
RP-71|RP-160470 |0847 |- Clarificationon the synchomized MBSFN transmission 13.3.0
RP-71|RP-160467 (0848 |- Maximum UL transmission timing referencein DC 13.3.0
RP-71|RP-160457 |0849 |2 Stage 2 CRon LTE-WLAN Radio Level 13.3.0
RP-71|RP-160470 |0852 |- Correction on SC-MCCH change notification 13.3.0
RP-71|RP-160457 (0853 |- QoS parametershandling during LWA bearer establishment/modification |[13.3.0
RP-71|RP-160470 {0854 |- Correction on overload enhancement 13.3.0
RP-71|RP-160453 [0855 |- Introduction of Paging Optimisation and Paging for Coverage 13.3.0
Enhancement capable UEs
RP-71|RP-160457 {0856 |- Configuration of the flow control type 13.3.0
RP-71 |RP-160457 |0857 |- Xw Dynamic Configuration 13.3.0
RP-71|RP-160449 [0858 |- UE context retention at SCTPrecovery 13.3.0
RP-71|RP-160449 (0859 |- Addition of X2 Removal Threshold to the X2 Removal Request message [13.3.0
RP-71|RP-160470 {0860 |- SC-PTM receptionon non-Pcell 13.3.0
RP-71| RP-160451 (0863 |- Correction on CSG and LIPA/SIPTO support to DC 13.3.0
2016-06 | RP-72 [RP-161080 |0864 |- Correctionsto MTCe in TS 36.300 13.4.0
RP-72 |RP-161080 (0872 |- Measurement gap assisted intra-frequency measurementin case of 13.4.0
narrowband operation
RP-72 |RP-161080 [0875 |- Correction to eMTC message classes and logical channels 13.4.0
RP-72 |RP-161080 |0865 |- Clarificationon LWA 13.4.0
RP-72 |RP-161080 |0869 |- Miscellaneous Stage-2 correctionsfor LWA 13.4.0
RP-72 |RP-161080 (0873 |- Correction of RCLWI call flow 13.4.0
RP-72 |RP-161080 |0866 |- Clarificationon DC 13.4.0
RP-72 |RP-161080 |0878 |- Stage 2 aspectsof HARQ functionality foreMTC UEs 13.4.0
RP-72 |RP-161080 (0867 |- Correctionsforsidelinkdescription 13.4.0
RP-72 |RP-161080 (0868 (1 Correction on conditionsfor Relay and Remote UE operation 13.4.0
RP-72 |RP-161080 (0874 |1 Correction on UL asynchronousHARQ 13.4.0
RP-72 |RP-161080 |0879 |1 Clarificationon WLAN connection statusreporting for RCLWI 13.4.0
RP-72 |RP-161080 |0884 |- Correction on WT Association Confirmation 13.4.0
RP-72 |RP-161080 (0885 |- Correction on WT initiated WT Modification procedure 13.4.0
RP-72 |RP-161080 [0886 |- Correction on flow control 13.4.0
RP-72 |RP-161080 |0881 |1 Correction on DRS Duty Cycle 13.4.0
RP-72 |RP-161081 |0880 |3 Introductionof NB-loT 13.4.0
RP-72 |RP-161081 |0882 |- Introduction Control Plane CloT EPS Optimization 13.4.0
RP-72 |RP-161081 |0883 |- Introduction of the UE context resume function 13.4.0
RP-72 |RP-161082 (0887 |- Correction of Reroute NAS Request 13.4.0
2016-09(RP-73 [RP-161757 (0889 (1 Clarificationon LWIP 13.5.0
RP-73 |RP-161755 [0890 |[1 Clarificationon HARQ 13.5.0
RP-73 |RP-161756 [0891 |- Small correctionsto LWA 13.5.0
RP-73 |RP-161757 |0893 |2 Correctionsto the coexistence of LWIP and DC, LWA, RCLWI, RAN 13.5.0
assisted WLAN interworking
RP-73 |RP-161756 (0894 (1 Correctionsto RCLWI procedure 13.5.0
RP-73 |RP-161756 (0895 (1 Correctionsto WLAN measurement 13.5.0
3GPP

Unified Patents, LLC v. Togail Technologies, Ltd.
Ex-1022
Page 336




Release 15 337 3GPP TS 36.300 V15.0.0 (2017-12)

RP-73 |RP-161756 (0896 (2 Correctionsto WLAN connection statusreport for LWA 13.5.0
RP-73 |[RP-161756 |0897 |2 Correctionsto the coexistence of LWA, RCLWI and DC, LWIP, RAN 13.5.0
assisted WLAN interworking
RP-73 |RP-161756 |0898 |1 Correction on WLAN authentication 13.5.0
RP-73 |RP-161755 |0900 |- Clarification on system information 13.5.0
RP-73 |RP-161758 (0903 (1 Correctionsto NB-loT descriptionin TS 36.300 13.5.0
RP-73 |RP-161762 [0904 |- Introduction of EB/FD-MIMO Terminologies 13.5.0
RP-73 |RP-161759 |0905 |- Keys storage on C-loT optimizationsfornon-NB-loT UE 13.5.0
RP-73 |RP-161756 |0907 |- RCLWI traffic steering granularity 13.5.0
RP-73 |RP-161758 (0909 (1 Correctionsto C-loT optimisationsin Stage-2 13.5.0
RP-73 |RP-161549 [0912 |- Correction on CSG supportin Dual Connectivity 13.5.0
RP-73 |RP-161759 |0913 |- Correction of UE Radio Capability Information 13.5.0
RP-73 |RP-161756 {0914 |- Correction on WT initiated WT modification procedure 13.5.0
2016-09|RP-73 [RP-161745 |0910 |- Stage 2 CRfor eLAA 14.0.0
RP-73 |RP-161745 [0911 |- IDC supportin eLAA 14.0.0
RP-73 |RP-161746 |0915 |- Introductionof V2V servicesbased on LTE sidelink 14.0.0
2016-12(RP-74 [RP-162314 (0918 |- Clarificationon DRX 14.1.0
RP-74 |RP-162318 [0920 |[1 Clarificationon CloT 14.1.0
RP-74 |RP-162313 [0922 |- Correctionsto stage 2 description foreMTC and NB-loT 14.1.0
RP-74 |RP-162317 |0924 |1 Adding missing description of Frame structure type 3 for LAA 14.1.0
RP-74 |RP-162321 |0926 |- Correction on cross carrier schedulingforeLAA 14.1.0
RP-74 |RP-162321 (0927 |- Correction on LBT foreLAA 14.1.0
RP-74 |RP-162328 (0930 (1 Miscellaneouscorrectionson V2V 14.1.0
RP-74 |RP-162312 |0932 |- eDRX correction on MME sending Pagingmessage to eNB 14.1.0
RP-74 |RP-162310 |0933 |- UL grantin Random Access Response from PCell and PSCell for SCell 14.1.0
RP-74 |RP-162316 |0935 |- Clarificationson LWA and LWIP 14.1.0
RP-74 |RP-162324 0936 |1 Introduction of SRS switching forLTE 14.1.0
RP-74 |RP-162327 (0937 (1 Stage-2 for LWIP aggregation 14.1.0
RP-74 |RP-162314 |0939 |- Editorial correction for NB-loT 14.1.0
RP-74 |RP-162311 [0941 |1 Correction for traffic steering granularity for RAN assisted WLAN 14.1.0
interworking
RP-74 |RP-162314 (0943 |- Definition of validanchor and non-anchor carrier combinations 14.1.0
RP-74 |RP-162314 (0945 |- Correctionsto User Plane CloT optimisations 14.1.0
RP-74 |RP-162328 [0946 |1 Addition of UE geographical informationreportingin 36.300 14.1.0
RP-74 |RP-162323 |0948 |2 Receive Only ModeforenTV 14.1.0
RP-74 |RP-162314 [0951 |- Timing reference for NB-loT UEsin multi-carrier operation 14.1.0
RP-74 |RP-162311 {0954 |- Introduction of solution to solve CSFB setup delay problem 14.1.0
RP-74 |RP-162312 |0956 |- Correction of eDRX Information 14.1.0
2017-03|RP-75 [RP-170656 |0950 |3 A Correction to CP only mode supportin NB-loT 14.2.0
RP-75|RP-170642 [0959 |[1 F Clarification on the use of Explicit Congestion Notification (ECN) 14.2.0
RP-75|RP-170657 {0963 |- A Correct thatin NB-loT PDCP linked to support of S1-U data transfer 14.2.0
RP-75|RP-170626 |0964 |- F Correction on HARQ principlesforeLAA 14.2.0
RP-75|RP-170626 |0965 |- F Correction on LBT type foreLAA 14.2.0
RP-75|RP-170643 [0966 |1 F CR for the usage of transmission sidelinkresource poolsofthe targetcell [14.2.0
RP-75|RP-170643 (0967 (1 F Correction on exceptional pool'sresource selection 14.2.0
RP-75|RP-170630 |0968 |2 B Introduction of RACH-lessand make before break 14.2.0
RP-75|RP-170636 |0969 |3 B Stage 2 CRon FeMTC UE CE mode and maximum PDSCH/PUSCHBW ([14.2.0
preference
RP-75 |RP-170643 (0970 (1 F Correctionson V2V description in TS 36.300 14.2.0
RP-75|RP-170637 (0971 (2 B Introduction of Rel-14 NB-loT Enhancements 14.2.0
RP-75|RP-170636 (0972 |2 B Introduction of Rel-14 FeMTC 14.2.0
RP-75|RP-170668 |0973 |- B Introducing256QAM in UL 14.2.0
RP-75|RP-170633 [0974 |1 B Introduction of FeMBMS to 36.300 14.2.0
RP-75|RP-170628 (0975 (1 B Introduction of Enhanced LTE-WLAN Aggregation (eLWA) 14.2.0
RP-75|RP-170638 (0977 (4 B Introduction of Voiceand Video enhancementsforLTE 14.2.0
RP-75|RP-170652 |0979 |- A Providing SIB1-BR via dedicated RRC signalling 14.2.0
RP-75|RP-170635 |0981 |- B Introduction of MBMS deployment for V2X 14.2.0
RP-75|RP-170637 |0982 |- C Handlingof NB-IOT UE capabiliies 14.2.0
RP-75|RP-170642 {0983 |- B Reliable DL NAS delivery based on hop-by-hop acknowledgements 14.2.0
RP-75|RP-170628 |0984 |- B Inter-eNB mobility with LWA active 14.2.0
RP-75|RP-170628 |0985 |- B Enabling uplinkdata bearersfor LWA 14.2.0
RP-75|RP-170641 |0986 |- B Introduction of eDECOR in RAN 14.2.0
RP-75|RP-170637 (0987 |- B Introduction of S1 UE information retrieve procedure 14.2.0
RP-75|RP-170633 [0988 |1 B PLMN ID Check and Enhanced TV Services 14.2.0
RP-75|RP-170635 |0989 |- B Introduction of V2X feature in 36.300 14.2.0
RP-75|RP-170550 |0990 |- B IntroducingeLWIP enhancements 14.2.0
2017-06 [ RP-76 [RP-171243 |0995 |2 A Correction on radio protocol architecture for DC 14.3.0
RP-76 |RP-171244 0996 |1 F Correction on HARQ principlesforeMTC 14.3.0
RP-76 |RP-171236 |0997 |2 F Correction on eLWA 14.3.0
RP-76 |RP-171223 |0999 |3 F Correctionsto stage 2 description of FeMTC and eNB-loT 14.3.0
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RP-76 |RP-171235 (1000 (1 F Correctionsto stage 2 description forvoice and video enhancementsfor [14.3.0
LTE
RP-76 |RP-171224 1006 |1 F Correctionsto NB-loT Enhancements 14.3.0
RP-76 |RP-171226 |1009 |2 F Indication of in proximity of CEN DSRC 14.3.0
RP-76 |RP-171223 [1010 |1 ¢} CE mode configuration/deconfiguration withouthandover 14.3.0
RP-76 |RP-171236 (1014 |r F Clarification of the end marker solution foreLWA 14.3.0
RP-76 |RP-171226 |1017 |2 F CR to cell reselectionforV2Xin TS 36.300 14.3.0
RP-76 |RP-171243 |1023 |4 A LAA/WiFi sharing indication 14.3.0
RP-76 |RP-171245 [1024 |1 A Clarification of UE-AMBR support forNB-loT 14.3.0
RP-76 |RP-171245 (1027 |- A Miscellaneous correctionsfor NB-loT 14.3.0
RP-76 |RP-171224 (1028 (2 F Resources selection for PRACH triggered by a PDCCH orderin eNB- 14.3.0
loT (Option2)
RP-76 |RP-171227 (1029 (1 F Editorial Correctionsto Support of Multiple SPS Configurations 14.3.0
RP-76 |RP-171246 [1034 |1 B EUTRAN sharing enhancement 14.3.0
RP-76 |RP-171224 (1038 |- B Introduction of RRC connection re-establishment for NB-loT control plane [14.3.0
RP-76 |RP-171225 [1040 |1 F Correction on UE-AMBR for NB-loT UE using CP solution 14.3.0
RP-76 |RP-171224 1041 |- B Support of RLF for CP CloT Optimisation 14.3.0
2017-09(RP-77 [RP-171915 [1031 (2 C Support of RLC UM for LWA bearer 14.4.0
RP-77 |RP-171913 (1032 (4 F Correction of RACH-less handover 14.4.0
RP-77 |RP-171915 [1042 |- F Correction on UE states for MBMS reception 14.4.0
RP-77 |RP-171915 [1053 |1 F RAN-recommendedbit rate restriction 14.4.0
RP-77 |RP-171910 [1057 |1 F Correction of MBMS-dedicated cell definition 14.4.0
RP-77 |RP-171913 (1058 (2 C Introduction of Release Assistance Indication 14.4.0
RP-77 |RP-171915 [1059 |- F Remove the description of Inter RAT Redirection value for MMTEL 14.4.0
RP-77 |RP-171919 (1061 |- A Clarificationon SCell statusduring PUCCH SCell change/removal 14.4.0
2017-12|RP-78 [RP-172615 [1048 (7 B Introduction of the overheatingindication 14.5.0
RP-78 |RP-172624 |1055 |4 A Correctionson paging monitoringin RRC_CONNECTED in Rel-13eMTC [14.5.0
RP-78 |RP-172617 |1062 |3 F Correctionsto V2Xin TS 36.300 14.5.0
RP-78 |RP-172616 (1066 (1 F Correction on TS 36.300 for support of largermaximum PDSCH/PUSCH [14.5.0
channel bandwidth forfeMTC
RP-78 |RP-172617 (1083 (1 F Clarificationto Mapping Between Service Typesand V2X Frequencies 14.5.0
RP-78 |RP-172615 [1085 |- F Protection of Redirection to GERAN 14.5.0
2017-12|RP-78 [RP-172614 [1086 (1 B Baseline CR for Rel.15 NR (RAN3 part) 15.0.0

NOTE: The CR number, 0616 in RP-140876 was renumberedinto 0616a in CR databasesince the CRnumber
was double allocatedin RP-140351 at RAN #63 and in RP-140876 at RAN#64.
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