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- Kng+ is given to Target eNB during the HO preparation phase;

- Both Target eNB and UE considers the new K.np equal to the received Kqnp«.
The handling of HFN and PDCP SN at handover depends on the type of radio 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.

14.4  AS Key Change in RRC_CONNECTED

If AS Keys (Kupene, Krreint and Kgrcene) need to be changed in RRC_CONNECTED, an intra-cell handover shall be
used.

14.5  Security Interworking

Inter-RAT handover from UTRAN to E-UTRAN is only supported after activation of integrity protection in UTRAN.
Security may be activated in the target RAN using null ciphering algorithms. If ciphering was not running in UTRAN, it
will be activated at handover to E-UTRAN. Integrity protection shall be activated in E-UTRAN on handover from
UTRAN/GERAN.

For E-UTRAN to UTRAN/GERAN mobility, the MME shall derive and transfer to the SGSN a confidentially key and
an integrity key derived from K,gyr and other input parameters 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 shall derive and transfer to the MME a confidentially
key and an integrity key CK and IK. Based on this information and other input paramaters as specified in 3GPP TS
33.401 [22], the MME and UE can in turn derive K sgug.

15 Void

16 Radio Resource Management aspects

The purpose of radio resource management (RRM) is to ensure the efficient use the available radio resources and to
provide mechanisms that enable E-UTRAN to meet radio resource related 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-assign and release)
radio resources taking into account single and multi-cell aspects.

16.1 RRM functions

16.1.1 Radio Bearer Control (RBC)

The establishment, maintenance and release of Radio Bearers involve the configuration of radio resources associated
with them. When setting up a radio bearer for a service, radio bearer control (RBC) takes into account the overall
resource situation in E-UTRAN,; the QoS requirements of in-progress sessions and the QoS requirement for the new
service. RBC is also concerned with the maintenance of radio bearers of in-progress sessions at the change of the radio
resource situation due to mobility or other reasons. RBC is involved in the release of radio resources associated with
radio bearers at session termination, handover or at other occasions.
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RBC is located in the eNB.

16.1.2 Radio Admission Control (RAC)

The task of radio admission control (RAC) is to admit or reject the establishment requests for new radio bearers. In
order to do this, RAC takes into account the overall resource situation in E-UTRAN, the QoS requirements, the priority
levels and the provided QoS of in-progress sessions and the QoS requirement of the new radio bearer request. The goal
of RAC is to ensure high radio resource utilization (by accepting radio bearer requests as long as radio resources
available) and at the same time to ensure proper QoS for in-progress sessions (by rejecting radio bearer requests when
they cannot be accommodated).

RAC is located in the eNB.

16.1.3 Connection Mobility Control (CMC)

Connection mobility control (CMC) is concerned with the management of radio resources in connection with idle or
connected mode mobility. In idle mode, the cell reselection algorithms are controlled by setting of parameters
(thresholds and hysteresis values) that define the best cell and/or determine when the UE should select a new cell. Also,
E-UTRAN broadcasts parameters that configure the UE measurement and reporting procedures. In connected mode, the
mobility of radio connections has to be supported. Handover decisions may be based on UE and 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 buffer and processing resources and resource blocks (i.e. chunks)) to user and control plane packets. DRA
involves several sub-tasks, including the selection of radio 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 account the 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 of the available resource blocks or
resource block sets due to inter-cell interference coordination considerations.

DRA is located in the eNB.

16.1.5 Inter-cell Interference Coordination (ICIC)

Inter-cell interference coordination has the task to manage radio resources (notably the radio resource blocks) such that
inter-cell interference is kept under control. ICIC is inherently a multi-cell RRM function that needs to take into account
information (e.g. the resource usage status and traffic load situation) from multiple cells. The preferred ICIC method
may be different in the uplink and downlink.

ICIC is located in the eNB.

16.1.6 Load Balancing (LB)

Load balancing has the task to handle uneven distribution of the traffic load over multiple cells. The purpose of LB is
thus to influence the load distribution in such a manner that radio resources remain highly utilized and the QoS of in-
progress sessions are maintained to the extent possible and call dropping probabilities are kept sufficiently small. LB
algorithms may result in hand-over or cell reselection decisions with the purpose of redistribute traffic from highly
loaded cells to underutilized cells.

LB is located in the eNB.

16.1.7 Inter-RAT Radio Resource Management

Inter-RAT RRM is primarily concerned with the management of radio resources in connection with inter-RAT
mobility, notably inter-RAT handover. At inter-RAT handover, the handover decision may take into account the
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involved RATSs resource situation as well as UE capabilities and Operator policies. The importance of Inter-RAT RRM
may depend on the specific scenario in which E-UTRAN is deployed. Inter-RAT RRM may also include functionality
for inter-RAT load balancing for idle and connected mode UEs.

16.1.8 Subscriber Profile ID for RAT/Frequency Priority

The RRM strategy in E-UTRAN may be based on user specific information.

The Subscriber Profile ID for RAT/Frequency Priority (SPID) parameter received by the eNB via the S1 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 index is mapped by the eNB to locally defined configuration in order to apply specific RRM strategies (e.g. to
define RRC _IDLE mode priorities and control inter-RAT/inter frequency handover in RRC_CONNECTED mode).

16.2 RRM architecture
16.2.1 Centralised Handling of certain RRM Functions

16.2.2 De-Centralised RRM

16.2.2.1 UE History Information

The source eNB collects and stores the UE History Information for as long as the UE stays in one of its cells.

When information needs to be discarded because the list is full, such information will be discarded in order of its
position in the list, starting with the oldest cell record.

The resulting information is then used in subsequent handover preparations by means of the Handover Preparation
procedures over the S1 and X2 interfaces, which provide the target eNB with a list of previously visited cells and
associated (per-cell) information elements. The Handover Preparation procedures also trigger the target eNB to start
collection and storage of UE history Information and thus to propagate the collected information.

16.2.3 Load balancing control

17 RF aspects

17.1  Spectrum deployments

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, no capability information is sent early in e.g. RRCConnectionRequest message. In the
downlink, enquiry procedure of the UE capability is supported.
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19 S1 Interface

19.1  S1 User plane

The S1 user plane interface (S1-U) is defined between the eNB and the S-GW. The S1-U interface provides non
guaranteed delivery of user plane PDUs between the eNB and the S-GW. The user plane protocol stack on the S1
interface is shown in Figure 19.1-1. The transport network layer is built on IP transport and GTP-U is used on top of
UDP/IP to carry the user plane PDUs between the eNB and the S-GW.

User plane PDUs

A

GTP-U

UDP

IP

Data link layer

Physical layer

Figure 19.1-1: 81 Interface User Plane (eNB - S-GW)

19.2 S1 Control Plane

The S1 control plane interface (S1-MME) is defined between the eNB and the MME. The control plane protocol stack
of the S1 interface is shown on Figure 19.2-1. The transport network 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 layer signalling

protocol is referred to as S1-AP (S1 Application Protocol).

S1-AP

SCTP

IP

Data link layer

Physical layer

Figure 19.2-1: S1 Interface Control Plane (eNB-MME)

The SCTP layer provides the guaranteed delivery of application layer messages.

In the transport IP layer point-to-point transmission is used to deliver the signalling PDUs.
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19.2.1.2 S1 UE Context Management function

In order to support UEs in ECM-CONNECTED, UE contexts need to be managed, i.e. established and released in the
eNodeB and 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 establishment of the necessary overall initial UE Context including E-
RAB context, Security context, roaming restriction, 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 to the setup of overall initial UE Contexts, Initial Context Setup function also supports the piggy-backing of
the corresponding NAS 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.
19.2.1.4 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 completion of handover 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 from other 3GPP-RATSs for UEs in ECM-
CONNECTED and comprises the preparation, execution and completion of handover via the S1 interface.

19.2.1.5 E-RAB Service Management function

The E-RAB Service management function is responsible for establishing, modifying and releasing E-UTRAN resources
for user data transport once a UE context is available in the eNB. The establishment and modification of E-UTRAN
resources is triggered by the MME and requires respective QoS information to be provided to the eNB. The release of
E-UTRAN resources is triggered by the MME either directly or following a request received from the eNB (optional).

19.2.1.6 NAS Signalling Transport function

The NAS Signalling Transport function provides means to transport a NAS message (e.g. for NAS mobility
management) for a specific UE on the S1 interface.

19.2.1.7 NAS Node Selection Function (NNSF)

The interconnection of eNBs to multiple MME/Serving S-GWs is supported in the E-UTRAN/EPC architecture.
Therefore a NAS node selection function is located in the eNB to determine the MME association of the UE, based on
the UE"s temporary identifier, which was assigned to the UE by the CN node (e.g. MME or SGSN).

NOTE: Incase the UE"s temporary identifier is assigned by the SGSN, respective mapping rules are defined in
[26].

Depending on the actual scenario the NNSF determines the UE"s MME association either based its S-TMSI (e.g. at
service request) or based on its GUMMEI and selected PLMN (e.g. at attach or tracking area update in non-registered
TA).

This functionality is located in the eNB only and enables proper routing via the S1 interface. On S1, no specific
procedure corresponds to the NAS Node Selection Function.
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- E-RAB signalling procedures:
- E-RAB Setup procedure;
- E-RAB Modification procedure;
- E-RAB Release procedure;
- E-RAB Release Indication procedure.
- Handover signalling procedures;
- Handover Preparation procedure;
- Handover Resource Allocation procedure;
- Handover Completion procedure;
- Handover Cancellation procedure.
- Paging procedure;
- NAS transport procedure:
- UL direction (Initial UE Message);
- UL direction (Uplink NAS transport);
- DL direction (Downlink NAS transport).
- Error Indication procedure:
- ¢NB initiated error indication procedure;
- MME initiated error indication procedure.
- Reset procedure:
- eNB initiated Reset procedure;
- MME initiated Reset procedure.
- Initial Context Setup procedure;
- UE Context Modification procedure;
- Sl Setup procedure;
- eNB Configuration Update procedure;
- MME Configuration Update procedure;
- Location Reporting procedures:
- Location Reporting Control procedure;
- Location Report procedure;
- Location Report Failure Indication procedure.
- Overload Start procedure;
- Overload Stop procedure;
- Write Replace Warning procedure;
- Direct Information Transfer procedure;

- eNB Configuration Transfer procedure;
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- MME Configuration Transfer procedure.

- S1 CDMA2000 Tunnelling procedure:
- Downlink S1 CDMA2000 Tunnelling procedure;
- Uplink S1 CDMA2000 Tunnelling procedure.

19.2.21 Paging procedure

eNB MME

[S1IAP] PAGING

Paging Response (NAS means)

Figure 19.2.2.1-1: Paging procedure

The MME initiates the paging procedure by sending the PAGING message to each eNB with cells belonging to the
tracking area(s) in which the UE is registered. Each eNB can contain cells belonging to different tracking areas,
whereas each cell can only belong to one TA.

The paging response back to the MME is initiated on NAS layer and is sent by the eNB based on NAS-level routing
information.

19.2.2.2 S1 UE Context Release procedure

The S1 UE Context Release procedure causes the eNB to remove all UE individual signalling resources and the related
user data transport resources. This procedure is initiated by the EPC and may be triggered on request of the 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

Figure 19.2.2.2.1-1: $1 UE Context Release procedure (EPC triggered)

- The EPC initiates the UE Context Release procedure by sending the S1 UE Context Release Command towards
the E-UTRAN. The eNodeB releases all related signalling and user data transport resources.

- The eNB confirms the S1 UE Context Release activity with the S1 UE Context Release Complete message.

- In the course of this procedure the EPC releases all related resources as well, except context resources in the
EPC for mobility management and the default EPS Bearer/E-RAB configuration.
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19.2.2.2.2 81 UE Context Release Request (eNB triggered)

The S1 UE Context Release Request procedure is initiated for E-UTRAN internal reasons and comprises the following
steps:

- The eNB sends the S1 UE Context Release Request message to the EPC.

- The EPC triggers the EPC initiated UE context release procedure.

eNB EPC

[S1AP] S1 UE Context Release Request

[S1AP] S1 UE Context Release Command

[S1AP] EPC initiated

-

1
1
1
i
[S1AP] S1 UE Context Release Complete i
1

Figure 19.2.2.2.2-1: $1 UE Context Release Request procedure (eNB triggered)
and subsequent S1 UE Context Release procedure (EPC triggered)

If the E-UTRAN internal reason 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 UE to perform the NAS recovery
procedure [17].

19.2.2.3 Initial Context Setup procedure

The Initial Context Setup procedure establishes the necessary overall initial UE context in the eNB in case of an Idle-to
Active transition. The Initial Context Setup procedure is initiated by the MME.

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 message may include general UE Context (e.g. security context, roaming restrictions, UE
capability information, UE S1 signalling connection ID, etc.), E-RAB context (Serving GW TEID, QoS
information), and may be piggy-backed with the corresponding NAS messages. When there are multiple NAS
messages in the INITIAL CONTEXT SETUP REQUEST message, the MME shall ensure that the NAS
messages in the E-RAB to be Setup List are aligned in the order of reception from the NAS layer to ensure the
in-sequence delivery of the NAS messages.

- Upon receipt of INITIAL CONTEXT SETUP REQUEST, the eNB setup the context of the associated UE, and
perform the necessary RRC signalling towards the UE, e.g. Radio Bearer Setup procedure. When there are
multiple NAS messages to be sent in the RRC message, the order of the NAS messages in the RRC message
shall be kept the same as that in the INITIAL CONTEXT SETUP REQUEST message.

- The eNB responds with INITIAL CONTEXT SETUP COMPLETE to inform a successful operation, and with
INITIAL CONTEXT SETUP FAILURE to inform an unsuccessful operation.

NOTE: In case of failure, eNB and MME behaviours are not mandated. Both implicit release (local release at
each node) and explicit release (MME-initiated UE Context Release procedure) may in principle be
adopted. The eNB should ensure that no hanging resources remain at the eNB.
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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 >

24.008 ATTACH/RAU ACCEPT

<24.008 E-UTRAN Inter RAT handover

; Information: 36.331 UE-EUTRA- //
7 Capability > 7 48.018 CREATE-BSS-PFC PDU

<48.018 E-UTRAN Inter RAT handover
Information: 36.331 UE-EUTRA-
Capability >

48.018 PS-HANDOVER-REQUIRED

4 V4

AN

d 36.413 HANDOVER REQUEST

»

< 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

B

48.018 PS-HANDOVER-REQUIRED-ACK

< 36.413 Target to Source Transparent
Container: 36.413 Target eNB to Source
eNB Transparent Container: 36.413 RRC

44.060 PS HANDOVER COMMAND < 48.018 Target to Source Transparent

<44.060 PS Handover Command: 36.331 Container: 36.413 Targt.at eNB fo Source :
DL-DCCH-Message: 36.331 eNB Transparent Container: 36.413 RRC container: 36.331 HandoverCommand.
RRCConnectionRecon.ﬁgu;ation> container: 36.331 DL-DCCH-Message: 36.331 DL-DCCH-Message: 36.331
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 19.2.2.5.6-1. Handover of PS domain service from GERAN A/Gb mode to EUTRAN, normal flow

The first two signalling arrows indicate how capability information, which is needed by the target eNB, is provided by

NAS.
Figure 19.2.2.5.6-2 illustrates the message sequence for the PS handover from UTRAN to EUTRAN procedure:
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| UE | s-RNC | CN | t-eNB

24.008 ATTACH/RAU REQUEST

< 24.008 UE Network Capability: 24.301
I/ UE Network Capability >

25.331 UE CAPABILITY INFORMATION

>

<25.331: Inter-RAT UE radio access
capability: 25.331 UE Capability
Information: 36.331

/ UECapabilityinformation >
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
25.331 HANDOVER FROM UTRAN < 25413 RELOCATION COMMAND X <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: 36.331 DL-DCCH-Message: 36.331 36.331 DL-DCCH-Message: 36.331
RRCConnectionReconfiguration > RRCConnectionRecanfiguration > 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 from UTRAN to EUTRAN, normal flow

Figure 19.2.2.5.6-3 to Figure 19.2.2.5.6-5 illustrate the message sequence for the handover from EUTRAN to GERAN
A/Gb mode procedure:
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s-eNB

e

36.331 UECapabilityEnquiry

A

<36.331 UE-CapabiityRequest >

36.331 UECapabilitylnformation

<36.331 UECapabilityRAT-Container:
24,008 Classmark 2 and Classmark 3 >
(NOTE 1)

36.331 MobilityFromEUTRAComman

<

».
>

95

36.413 HANDOVER REQUIRED

o]

<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

»
»
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t-BSS

48.008 HANDOVER REQUEST

A 4

<48.008 Old BSS to new BSS info>
<24.008 Classmarks 2 and 3>

48.008 HANDOVER REQUEST ACK

<36.331 targetRAT-Message Container:
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 transfemred 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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[ |

36.331 UECapabilityEnquiry

s-eNB |

<36.331 ueCapabilityRequest>

36.331 UECapabilitylnformation

»

L

N

<36.331 ueCapabilitiesRAT-Container:
25.331 RRC Information to target RNC:
INTER RAT HANDOVER INFO >

36.331 MobilityFromEUTRACommand

P

/

7
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
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| t+-RNC

25.413 RELOCATION REQUEST

< 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

<&
%

<36.413 Target To Source Transparent
Container: 25.413 Target RNC to Source

<&
%

Figure 19.2.2.5.6-6. Handover of PS or CS domain service from EUTRAN to UTRAN, normal flow

<36.331 targetRAT-MessageContainer :
25.331 HANDOVER to UTRAN
COMMAND>

RNC Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >
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s-eNB

[ |

36.331 UECapabilityenquiry

<36.331 ueCapabilityRequest >

36.331 UECapabilityinformation

<36.331 ueCapabilitiesRAT-Container:
% 25.331 RRC Information to target RNC:
f INTER RAT HANDOVER INFO >

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 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
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| t-RNC |

25.413 RELOCATION REQUEST (CS)

< 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)

>

< 25.413Source RNC to Target RNC
transparent Container: 25.331 INTER
RAT HANDOVER INFO WITH INTER
RAT CAPABILITIES: 36.331 UE-EUTRA-
Capability >

F)

_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

)

< 25.413 Target RNC to Source RNC

36.331 MobilityFromEUTRACommand

<

<
<

COMMAND>

Figure 19.2.2.5.6-7. Handover of PS and CS domain service from EUTRAN to UTRAN, normal flow

19.2.2.6

<36.331 targetRAT-MessageContainer :
25.331 HANDOVER to UTRAN

<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 >

NAS transport procedures

Transparent Container: 25.331
HANDOVER to UTRAN COMMAND >

A NAS signalling message is 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 NAS non delivery indication procedure

i) Initial UE Message procedure
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19.2.2.16 S1 CDMA2000 Tunnelling procedures

The S1 CDMA2000 Tunnelling procedures carry CDMA2000 signalling messages between UE and CDMA2000 RAT
over the S1 Interface. This includes signalling for pre-registration and handover preparation for optimized mobility
from E-UTRAN to CDMA2000 HRPD, signalling for handover preparation for mobility from E-UTRAN to
CDMA2000 1xRTT and signalling to support CS fallback to CDMA2000 1xRTT for mobile originated and mobile
terminated CS domain services. The CDMA2000 messages are tunnelled transparently to the eNB and MME, however,
additional information may be sent along with the tunnelled CDMA2000 message to assist the eNodeB and MME in the
Tunnelling procedure. The procedures providing this functionality are:

- Downlink S1 CDMA2000 Tunnelling procedure;
- Uplink S1 CDMA2000 Tunnelling procedure.

19.2.2.16.1 Downlink S1 CDMA2000 Tunnelling procedure

The MME sends the DOWNLINK S1 CDMA2000 TUNNELLING message to the eNB to forward a CDMA2000
message towards an UE for which a logical S1 connection exists (see Figure 19.2.2.16.1-1 below).

eNB MME

DOWNLINK S1 CDMA2000 TUNNELING

] ]
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 CDMA2000 TUNNELLING message to the MME to forward a CDMA2000 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

[
»

] ]
Figure 19.2.2.16.2-1: Uplink S1 CDMA2000 Tunnelling procedure
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20 X2 Interface

20.1 User Plane

The X2 user plane interface (X2-U) is defined between eNBs. The X2-U interface provides non guaranteed delivery of
user plane PDUs. The user plane protocol stack on the X2 interface is shown in Figure 20.1-1. The transport network
layer is built on IP transport and GTP-U is used on top of UDP/IP to carry the user plane PDUs.

The X2-UP interface protocol stack is identical to the S1-UP protocol stack.

User plane PDUs

IP

Data link layer

Physical layer

Figure 20.1-1: X2 Interface User Plane (eNB-eNB)

20.2 Control Plane

The X2 control plane interface (X2-CP) is defined between two neighbour eNBs. The control plane protocol stack 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 is referred to as X2-AP (X2 Application Protocol).

SCTP

IP

Data link layer

Physical layer

Figure 20.2-1: X2 Interface Control Plane
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A single SCTP association per X2-C interface instance shall be used with one pair of stream identifiers for X2-C
common procedures. Only a few pairs of stream identifiers should be used for X2-C dedicated procedures.

Source-eNB communication context identifiers that are assigned by the source-eNB for X2-C dedicated procedures, and
target-eNB communication context identifiers that are assigned by the target-eNB for X2-C dedicated procedures, shall
be used to distinguish UE specific X2-C signalling transport bearers. The communication context identifiers are
conveyed in the respective X2 AP messages.

20.2.1 X2-CP Functions
The X2 AP protocol supports the following functions:
- Intra LTE-Access-System Mobility Support for UE in ECM-CONNECTED:
- Context transfer from source eNB to target eNB;
- Control of user plane tunnels between source eNB and target eNB;
- Handover cancellation.
- Load Management;
- General X2 management and error handling functions:
- Error indication;
- Setting up the X2;
- Resetting the X2;

- Updating the X2 configuration data.

20.2.2 X2-CP Procedures

The elementary procedures supported by the X2AP protocol are listed in Table 20.2.2-1 below:
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NOTE: the UE impact should be carefully investigated and taken into account.

- The network is able to configure the measurements and the reporting for self-optimisation support by RRC
signalling messages.

22.3 Self-configuration

22.3.1  Dynamic configuration of the S1-MME interface

22.3.1.1 Prerequisites
The following prerequisites are assumed:

- An initial remote IP end point to be used for SCTP initialisation is provided to the eNB for each MME. The eNB
may be in pre-operational or operational state when this occurs.

How the eNB gets the remote IP end point(s) and its own IP address are outside the scope of this specification.

22.31.2 SCTP initialization

- For each MME the eNodeB tries to initialize a SCTP association as described in [8], using a known initial
remote IP Endpoint as the starting point, until SCTP connectivity is established.

22.31.3 Application layer initialization

Once SCTP connectivity has been established, the eNodeB and MME shall exchange application level configuration
data over the S1-MME application protocol with the S1 Setup Procedure, which is needed for these two nodes to
interwork correctly on the S1 interface.

- The eNodeB provides the relevant configuration information to the MME, which includes list of supported
TAC(s), etc.

- The MME provides the relevant configuration information to the eNodeB, which includes PLMN ID, etc.

- When the application layer initialization is successfully concluded,the dynamic configuration procedure is
completed and the S1-MME interface is operational.

22.3.2 Dynamic Configuration of the X2 interface

22.3.2.1 Prerequisites
The following prerequisites are assumed:

- An initial remote IP end point to be used for SCTP initialisation is provided to the eNB.

22.3.2.2 SCTP initialization

For candidate eNB the eNB tries to initialize a SCTP association as described in [8], using a known initial remote IP
Endpoint as the starting point, until SCTP connectivity is established.

22.3.2.3 Application layer initialization

Once SCTP connectivity has been established, the eNB and its candidate peer eNB are in a position to exchange
application level configuration data over the 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.
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2 The UE reports the PCI of the detected cells in the target RATs/frequencies. The PCI is defined by the carrier
frequency and the 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 CDMA2000 cell.

When the ¢NB receives UE reports containing PCls of cell(s) the following sequence may be used.

3 The eNB instructs the UE, using the newly discovered PCI as parameter, to read the CGI and the RAC of the
detected neighbour cell in case of GERAN detected cells, CGL, LAC and, RAC in case of UTRAN detected cells
and CGI in case of CDMA2000 detected cells. For the Interfrequency case, the eNB instructs the UE, using the
newly discovered PCI as parameter, to read the ECGI, TAC and all available PLMN ID(s) of the inter-frequency
detected cell. The UE ignores transmissions from the serving cell while finding the requested information
transmitted in the broadcast channel of the detected inter-system/inter-frequency neighbour cell. To do so, the
eNB may need to schedule appropriate idle periods to allow the UE to read the requested information from the
broadcast channel of the detected inter-RAT/inter-frequency neighbour cell.

4 After the UE has read the requested information in the new cell, it reports the detected CGI and RAC (in case of
GERAN detected cells) or CGI, LAC and RAC (in case of UTRAN detected cells) or CGI (in case of
CDMA2000 detected cells) to the serving cell eNB. In the inter-frequency case, the UE reports the ECGI, the,
tracking area code and all PLMN-ID(s) that have been detected.

5 The eNB updates its inter-RAT/inter-frequency Neighbour Relation Table.

In the inter-frequency case and if needed, the eNB can use the PCI and ECGI for a new X2 interface setup towards this
eNB. The setup of the X2 interface is described in section 22.3.2.

22.3.5 Framework for PCI Selection

The eNB shall base the selection of its PCI either on a centralized or distributed PCI assignment algorithm:
[Centralized PCI assignment] The OAM signals a specific PCI value. The eNB shall select this value as its PCL.

[Distributed PCI 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 over the X2 interface by neighboring eNBs; and/or
¢) acquired through other implementation dependent methods, e.g. heard over the air using a downlink receiver.

The eNB shall select a PCI value randomly from the remaining list of PCls.

22.3.6 TNL address discovery

22.3.6.1 TNL address discovery of candidate eNB via S1 interface

If the eNB is aware of the eNB ID of the candidate eNB (e.g. via the ANR function) but not a TNL address suitable for
SCTP connectivity, then the eNB can utilize the Configuration Transfer Function to determine the TNL address as
follows:

- The eNB sends the eNB CONFIGURATION TRANSFER message to the MME to request the TNL address of
the candidate eNB, and includes relevant information such as the source and target eNB ID.

- The MME relays the request by sending the MME CONFIGURATION TRANSFER message to the candidate
eNB identified by the target eNB ID.

- The candidate eNB responds by sending the eNB CONFIGURATION TRANSFER message containing one or
more TNL addresses to be used for SCTP connectivity with the initiating eNB, and includes other relevant
information such as the source and target eNB ID.

- The MME relays the response by sending the MME CONFIGURATION TRANSFER message to the initiating
eNB identified by the target eNB ID.
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23 Others
23.1  Support for real time IMS services

23.2  Subscriber and equipment trace

Support for subscriber and equipment trace for E-UTRAN and EPC shall be as specified in [29], [30] and [31].

23.2.1 Signalling activation
All traces are initiated by the core network, even if the trace shall be carried out in the radio network.

If the eNB has received an UE CONTEXT RELEASE COMMAND message where the UE is associated to an E-
UTRAN Trace Id then the eNB shall terminate the on-going Trace.

The following functionality is needed on the S1 and X2 interface:

- Support for inclusion of subscriber and equipment trace information in INITIAL CONTEXT SETUP REQUEST
message over the S1 interface.

- Support for an explicit TRACE START message over the S1 interface.

- Support for inclusion of subscriber and equipment trace information in the HANDOVER REQUEST message
over the X2 interface.

- Support for inclusion of subscriber and equipment trace information in the HANDOVER REQUEST message
over the S1 interface.

A trace setup in the radio network will be propagated on the X2 interface at handover and on the S1 interface if the
handover is carried out between MMEs.

23.2.2 Management activation

All conditions for Cell Traffic Trace are defined by the O&M. When the condition to start the trace recording is fulfilled
the eNB will allocate a Trace Recording Session Reference and send it together with the Trace Reference to the MME
in a CELL TRAFFIC TRACE message over the S1 interface.

Cell Traffic trace will not be propagated on the X2 interface or on the S1 interface in case of handover.

23.3 E-UTRAN Support for Warning Systems

The E-UTRAN provides support for warning systems through means of system information broadcast capability. The
E-UTRAN performs scheduling and broadcasting of the "warning message content” received from the CBC, which is
forwarded to the E-UTRAN by the MME. The schedule information for the broadcast is received along with the
"warning message content” from the CBC. The E-UTRAN is also responsible for paging the UE to provide indication
that the warning notification is being broadcast. The "warning message content" received by the E-UTRAN contains an
instance of the warning notification. Depending on the size, E-UTRAN may segment the secondary notification before
sending it over the radio interface.

23.3.1 Earthquake and Tsunami Warning System

ETWS is a public warning system developed to meet the regulatory requirements for warning notifications related to
earthquake and/or tsunami events. ETWS warning notifications can either be a primary notification (short notifications
delivered within 4 seconds [32]) or secondary notification (providing detailed information). The ETWS primary
notification is broadcast in SystemInformationBlockTypel 0 while the secondary notification is broadcast in
SystemInformationBlockTypell.
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Annex B (informative):
MAC and RRC Control

The E-UTRA supports control signalling in terms of MAC control signalling (PDCCH and MAC control PDU) and
RRC control signalling (RRC message).

B.1 Difference between MAC and RRC control

The different characteristics of MAC and 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 ~ 10”% (no retransmission) ~ 107 (after HARQ) ~ 10 (after ARQ)
Control delay Very short Short Longer
Extensibility None or very limited Limited High
Security No integrity protection No integrity protection Integrity protected
No ciphering No ciphering Ciphering (FFS)

The main difference between MAC and RRC control lies 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 RRC in UTRA should also be performed by RRC also for E-UTRA.

B.2 Classification of MAC and RRC control functions

The table below illustrates the classification of MAC and RRC control functions for E-UTRAN.

Table B.2-1: Classification of MAC and RRC control functions

Controlled configuration/parameters

MAC PDCCH Short-lived (PRB) and dynamic (MCS) allocation
control Long-lived (PRB) and fixed (MCS) allocation (FFS)
signalling Timing Advance (FFS)
MAC control | Timing Advance (FFS)
PDU RLC related control PDU (FFS)
RRC control RRC Long-lived (PRB) and fixed (MCS) allocation (FFS)
signalling message Activation/deactivation of long-lived (PRB) and/or fixed (MCS) allocation (FFS)

TTI configuration for variable TTI length control (FFS)
Static parameter configuration for UE inactivity control within RRC_ACTIVE (e.g.
DRX/DTX periods)

ETSI

IPR2023-01269 Page 127



IPR2023-01269 Page 128



IPR2023-01269 Page 129



[PR2023-01269 Page 130



[PR2023-01269 Page 131



3GPP TS 36.300 version 8.11.0 Release 8 131

NOTE:

NOTE:

Table C.2.1-1 gives an estimate of the size of the elements mentioned above.

NOTE:

ETSI TS 136 300 vV8.11.0 (2010-02)

Information element Bits
Cyclic Prefix (FFS) 2
Carrier BW (FFS) 3-8
MIMO parameters (FFS) 2(+3)
Cell Id (FFS) 9
Tracking Area Id (+ FFS how many additional) [16-28]
Cell Barring status+ possible Time of barring 1+4
Cell reservation status [2]
Radio access limitation parameters 12
PLMN id(s) maximum of 5 ( 24 bits per one) - see Note 120
Scheduling parameters (12-108)
Value Tag 4
SFN (FFS) 11

C.2.2 Flexible part

The flexible part has different types of Information Elements which require independent scheduling in order to allow
fast enough reception and not to waste transmission capacity. For example, the requirement to receive cell access
parameters is very different than e.g. the clock time. Thus following flexible part division should be considered:

- Scheduling block: scheduling information of the secondary part of the System Information.

- Access parameters:

- All parameters not present in the primary part (e.g. some L1 parameters);

- RACH parameters;

Power control parameters;
Paging parameters;

Any timer values needed for operating in the cell and in the network.

- Measurement related parameters:

- Neighbour cell lists;

NOTE:

Cell selection/reselection parameters;

Measurement control information;

- Non vital information:

Positioning (A-GNSS etc.) information;

ETSI

It also is possible to include Value_tag for SI on the flexible part indicating more precisely what changes
have occurred in the system information.

There may be a need for indicating changes in static part with value tag also, if static part consists of
multiple SI blocks.

Table C.2.1-1: Initial rough estimates for static part capacity requirement

It might not be necessary to send the Mobile Country Code part of the PLMN identity for each indicated
PLMN to limit the number of bits.

Some of these parameters are included in the static part element 'Radio access limitation parameters.'
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- Service parameters (¢.g. MBMS parameters);

- Secondary NAS parameters.

C.2.3 Information whose location is FFS

The location of the following information is FFS:

- System Frame Number: SFN might be needed very fast i.e. for HO purposes. SFN might be needed also for
decoding scheduling block parameters, but on the other hand it might be requested not to send often changing
information on the static part in order to be able to make time soft combining. Further investigation on the SFN
broadcasting is thus needed.

C.2.4 Dedicated part

The dedicated part is embedded in the RRC message that is meant for sending System Information Elements in unicast
mode e.g. for HO purposes, positioning purposes .... The UE needs some information for the neighbouring cell to
access it, this is needed to limit the interruption times caused by HO execution. When a UE receives a HO COMMAND
it needs at least following information from the target cell:

- All information in the static part (see sub-clause C.2.1): may be received by the UE by itself;

- Most of the information from the access parameters (see sub-clause C.2.2): is favourably delivered by dedicated
manner via the source cell, because the UE might not have time to get all the necessary secondary SI from the
target cell;

- System Frame Number is needed to minimize the interruption times during the HO procedure. Most probably the
UE needs to receive (at least confirm) the SFN directly by the neighbour cell SI reading, because giving the SFN
via source cell may cause some inaccuracy to the SFN.
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Annex D (informative):
Void
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E.1.1 Best radio condition

The primary purpose of cell reselection, regardless of intra-frequency, inter-frequency, or inter-RAT, is to ensure that
the UE camps on/connects to the best cell in terms of radio condition, e.g., path loss, received reference symbol power,
or received reference symbol Es/I0. The UE should support measurements to suffice this aspect. For E-UTRAN cells,
the frequency domain scheduling and channel/symbol mapping may have some implications to designing the
measurements and reselection/reporting criteria. The UE would also have to check that the selected cell falls within the
accessible range (in terms of signal strength and possibly also in terms of propagation delay, i.e., check if it falls within
the dynamic range of timing advance, FFS).

E-UTRAN should support good mobility even when the radio environment changes suddenly, e.g., when the UE enters
a tunnel or in a Manhattan-like street cell scenario. It should be discussed whether a special mechanism is needed to
cope with such sudden changes in radio environment or it can be handled with good radio network planning practices.
In either case, the system design should minimise any side effects of counteracting the sudden changes in the radio
environment (e.g., ping-pongs).

For inter-frequency/RAT mobility, the UE needs idle gaps to perform measurements on other frequency layers/RATs.
In addition, for inter-RAT, E-UTRAN measurements while the UE is in another RAT (UTRAN/GERAN) need to be
supported. It should be discussed whether in certain cases (e.g., co-located E-UTRAN cells within the same frequency
band) the measurements can be omitted.

E.1.2 Camp load balancing

This is to distribute idle state UEs among the available bands/carriers/RATs, such that upon activation, the traffic
loading of the bands/carriers/RATs would be balanced. At least the path loss difference between different bands should
be compensated to avoid UEs concentrating to a certain frequency layer (e.g., lower frequency bands due to the
propagation nature). A deliberate mechanism would be necessary to avoid UEs concentrating to a certain RAT (e.g., E-
UTRAN). Various solutions have been presented including the use of Qoffset and an approach of limiting the frequency
layers for camping.

For inter-RAT, this driver also includes the aspect of balancing the loading of core network nodes of different RATs.
Nevertheless, for intra- E-UTRAN, the core network load aspect is out of scope, since MME/Serving Gateway
relocation by itself should not cause any radio mobility procedure (but only NAS procedures like NAS ID and security
updates).

E.1.3  Traffic load balancing

This is to balance the loading of active state UEs, using redirection for example. In E-UTRAN, traffic load balancing is
essential because of the shared channel nature. That is, the user throughput decreases as the number of active UEs in the
cell increases, and the loading directly impacts on the user perception. A solution is desired that causes minimum
impact on the user perception. This implies that inter-layer transitions are preferably done during data inactivity (e.g.,
DRX) or transition to the idle state. Although this driver is also applicable to inter-RAT, for inter-RAT, the 'service
dependent control' driver may be more dominant than the load balancing aspect.

E.1.4  UE capability

As E-UTRAN bands/carriers may be extended in the future, UEs having different band capabilities may coexist within
a network. It is also likely that roaming UEs have different band capabilities. Overlaying different RATs adds to this
variety. The mobility solution should cope with the coexistence of various UE capabilities in an efficient manner.

E.1.5 Hierarchical cell structures

As in UTRAN, hierarchical cell structures (HCS) may be utilised in E-UTRAN to cover for example, indoors and hot
spots efficiently. It is possible that E-UTRAN is initially deployed only at hot spots, in which case this driver becomes
essential for inter-RAT, not just for inter-frequency. Another use case would be to deploy a large umbrella cell to cover
a vast area without having to deploy a number of regular cells, while providing capacity by the regular cells on another
frequency. While HCS can be seen as a solution to reduce measurement and signalling loads, to optimise HCS usage,
mobility control should take into account the UE mobility (e.g., speed). This however implies that sufficient mobility
detection is also required. Although HCS is not addressed as a mobility driver for intra-frequency mobility, intra-
frequency HCS deployment should not be restricted.
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E.1.6  Network sharing

At the edge of a shared portion of a network, it will be necessary to direct UEs belonging to different PLMNs to
different target cells. The mobility solutions in both idle and active states should therefore support differentiation
between UEs of different operators.

EA1.7 Private networks/home cells

Cells that are part of a sub-network should prioritise the camping on that sub-network. UEs that do not belong to private
sub-networks should not attempt to camp or access them. Although this could be resolved by the use of forbidden TAs
as in UTRAN, a more deliberate mechanism may be needed as some of these sub-networks could be very small, e.g.,
one home.

E.1.8  Subscription based mobility control

This mobility driver aims to limit the inter-RAT mobility for certain UEs, e.g., based on subscription or other operator
policies. The system should provide means to disallow access on certain RATs (including E-UTRAN) as done with "LA
reject" in legacy systems. It should be possible for the operator to trigger a subsequent UE action such as a cell or
PLMN selection.

E.1.9  Service based mobility control

An operator may have different policies in allocating frequencies to certain services. For example, the operator may
concentrate VoIP UEs to a certain frequency layer or RAT (e.g., UTRAN or GERAN), if evaluations prove this
effective. UEs requiring higher data rates may better be served on a frequency layer or RAT (e.g., E-UTRAN) having a
larger bandwidth. The operator may also want to accommodate premium services on a certain frequency layer or RAT,
that has better coverage or larger bandwidth.

This driver is essential for inter-RAT, due to the different QoS levels provided by different RATs. The nature of the

service being requested (e.g., QoS and traffic behaviour) should be considered in controlling mobility, so that services
are accommodated in the best suitable RAT. Note that such service dependent control shall only be based on network
decisions and not on UE decisions (i.e., no UE based service dependent cell reselection), except for MBMS scenarios.

E.1.10 MBMS

As MBMS services may be provided only in certain frequency layers, it may be beneficial/necessary to control inter-
frequency/RAT mobility depending on whether the UE receives a particular MBMS service or not. For MBMS
scenarios only, UE based service dependent cell reselection might be considered acceptable. This aspect also depends
on the UE capability for simultaneous reception of MBMS and unicast.

E.2 Limitations for mobility control

While the issues mentioned above drive E-UTRAN towards 'aggressive' mobility control, the limiting factors also have
to be considered. The factors listed below apply to all intra-frequency, inter-frequency, and inter-RAT mobility
scenarios.

E.2.1 UE battery saving

The mobility solution should not consume excessive UE battery, €.g., due to measurements, measurement reporting,
BCH reception, or TA update signalling. This could be achieved for example by setting appropriate measurement rules
such as S-criteria, hysteresis, and time-to-trigger. Adaptive control of some measurement/mobility parameters (e.g.,
based on DRX, cell size, or mobility) may also be considered as a countermeasure. To reduce TA update signalling, TA
allocations can be differentiated depending on the UE speed or the mobility vector, on top of appropriate TA planning.
Effects on additional delays (e.g., paging) should also be investigated if means such as 'long DRX" are used to achieve
these savings.

It should be investigated together with RAN4 if a coupling between measurements accuracy and DRX (as in UTRAN)
is also acceptable for E-UTRAN.
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Annex F (informative):
Mobility and Access Control Requirements associated with
Closed Subscriber Group (CSG) Cells

F.1 Access Control

The following description is provided from the perspective of the Home cell deployment, and is used as an example to
understand the general requirements of Closed Subscriber Group (CSG) Cells.

If an operator uses the 2G or 3G systems for a deployment in a home, there are some limitations imposed by mandating
that only a UE from a specific User Group can access the cell. This access restriction is needed because some backhaul
links for this type of deployment are not considered to provide adequate QoS to support a large numbers of UEs, or
there may be regulatory issues with sharing the backhaul link/eNB access in that location, and additionally the backhaul
maybe owned by the subscriber and they may not be happy to share the link with other subscribers.

In 3G, the Access Control would work based on the Location Updating or Routing Area Updating Reject for the LA or
RA which is being signalled on the cell. Each unique User Group would require its Location Area ID, however the LAC
of the LA ID is only 2 octets, which needs to be shared with the normal LAs of the PLMN.

There is an additional drawback with this solution in 3G, which is that all terminals would attempt to perform the
Location Updating procedure on a cell advertising a LA not on the list of forbidden LAs in the UE. The network would
reject the location updating procedure of those UEs which are not in the User Group associated with the LA. This would
lead to the scenario in a densely populated area, where a UE moving down the street could attempt to access a home cell
at each house, before being rejected causing a wastage of battery in the terminal, and unnecessary signalling/processing
load in the core network.

1. A UE should not camp on or access a CSG Cell if it is not part of the User Group which is allowed to
access that CSG Cell.

It shall be possible to update the User Group associated with a specific Home-eNB, e.g. based on request by the
registered owner of the Home-eNB, under the supervision of the network operator. When a subscriber is added to the
User Group for the Home-eNB, the UE of the newly added subscriber should be able to (almost) immediately camp on
the cell(s) of Home-eNB and then may acquire service through the Home-eNB. This is especially important in the
deployment scenario where this subscriber has no other means to access the network, i.e. there is no Macro-layer
coverage available. For this it might be necessary to update the list of allowed CSG cells for a particular UE by network
signalling or other means.

2. The subscriber registered as the owner of a CSG Cell or group of Cells, under supervision of the operator,
shall be able to control/modify quickly which other subscribers form part of the User Group associated
with its CSG Cell(s).

F.2 Mobility

The Home-eNB/CSG cells should form part of the network of the operator, and therefore the design needs to support
mobility of UEs between the Macro-Layer network and the Home-eNB/CSG cells. In the following text, what is called
Macro layer encompasses all the cells which are not from the CSG being considered i.e. it is not about their
size/coverage but the fact that they are not closed.

3. The system shall support bidirectional handover between CSG Cells and any eNodeB (E-UTRAN) or
RNC (UTRAN) or BSS (GERAN) or with another CSG Cell of the same or different CSG.

The Home-eNBs will be deployed to improve network coverage, improve network capacity as well as offer differential
billing models. As the User billing could be dependent on whether the UE is using the Home-eNB, it is important that
the UE when it is range of the Home-eNB automatically camps on the Home-eNB.

4. It shall be possible to allow UEs which are allowed to access a given CSG cell, to prioritise their camping
towards the CSG Cells when in coverage of the CSG cells. To achieve this it should be possible either to
set the reselection parameters accordingly or other means should allow this.
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It is important that UEs camped on the Home-eNB do not cause excessive signalling load or processing load if/'when the
UE moves frequently between the Macro-Layer network and the Home-eNB.

5. The system shall avoid excessive signalling and processing load from a UE frequently reselecting in LTE
Idle between the CSG Cells and the non-CSG cells of eNodeB (E-UTRAN) or RNC (UTRAN) or BSS

(GERAN).

As discussed above, the Home-eNBs will have an associated User Group describing which UEs can access the Home-
eNB. The handover procedures needs to take the User Group of the Target Home-eNB into account when deciding
whether to handover a UE to a specific Home-eNB. The solution for the mobility to/from the Home-eNB should avoid
unnecessary signalling between the RAN nodes.

6. The handover procedures shall take into account whether a UE is part of the User Group of the target
CSG Cell. The mobility procedures should allow for prioritisation of the CSG Cells in ECM-
CONNECTED when the UE enters coverage of a CSG Cell and the UE is part of the User Group of this
cell.

As the number of Home-eNBs in the network will become large, the proportion of measurements made by a UE which
could be wasted may become large, to the point where it affects the mobility performance of the UE/system, as well as
draining the battery of the UE. It is therefore necessary for the UE to be able to avoid unnecessary measurements of
Home-eNBs where the UE does not belong to the User Group of the Home-eNB.

7. It shall be possible to minimise the quantity of measurements which UEs perform on CSG Cells, if the UE
does not belong to the User Group of a specific CSG Cell.

Due to the high number of Home-eNBs and the nature of their deployment, it would not be practical to change the
configuration for the mobility procedures (measurements, handover, etc.) in the macro layer nodes when a Home-eNB
is deployed/dismissed.

8. The mobility procedures shall allow a large number of (small) CSG Cells to be deployed within the
coverage of e-UTRAN, UTRAN and GERAN macro-layer cells. Deployment of (additional) CSG Cells
shall not require reconfiguration of other eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN).

In order to minimise the impact on UEs not allowed to use CSG cells or not allowed to use a particular CSG cell, means
shall be provided which allow the UE to either identify prior to cell reselection that the configured neighbour cell is a
CSG cell or means shall be provided which do not impact the UEs on the macro cells.

9. The mobility procedures for moving UEs to CSG cells shall minimise impact to other UEs on the same
macro cells not entitled to use CSG cells or a given CSG cell.

It is expected that the CSG identity of a Home-eNB is static and this identity can be used by the UE to clearly identify
the Home-eNB. In contrast the Physical Cell Identity (PCI) of a Home-eNB might change at power up. For example, a
Home-eNB may scan the neighbour environment at every switch on, and a PCI unused by the neighbours can be
selected. In most cases this will end up on the same PCI being used, as the neighbour environment did not change.
During operation the Home-eNB might also change the PCI on a slow basis, in case high interference is detected. If the
PCI changes, mobility shall still be supported without user intervention. It might be necessary that the change is notified
to the UEs belonging to the CSG through network signalling or other means.

10. The Physical Cell Identity (PCI) of a Home-¢NB might change at each power up of the Home-eNB.
Although a change of PCI is expected to be infrequent, if it changes, mobility shall still be supported
without user intervention.

The carrier frequency of a Home-eNB might only be changed during Home-eNB power up, out of a preconfigured
range of frequencies. Often the pre-configured frequency range would be limited to one. If the frequency is changed,
mobility shall still be supported without user intervention.

11. The carrier frequency of a Home-eNB might be changed at power up of the Home-eNB, out of a
preconfigured range of frequencies. Often the preconfigured frequency range would be limited to one.
Although a change of frequency is expected to be infrequent, if it changes, mobility shall still be supported
without user intervention.
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F.3 Mobility performance guidelines

For outbound mobility from CSG cells to non-CSG cells, normal mobility procedures shall apply, i.e., network
controlled mobility. As such, the normal mobility performance requirements as for non-CSG mobility should apply.

12. For outbound mobility from CSG cells to non-CSG cells, both for idle and active mode mobility, the
normal mobility performance requirements as for non-CSG mobility shall apply.

For inbound mobility to CSG cells in active mode, it is important that the overall handover time perceived by the user,
i.e., from the time the user arrives at home till the UE is connected to the CSG cell, is sufficiently short, considering that
different charging policies may be applicable to CSG. However, this should not cause severe impacts on the battery
consumption. It is thought that the time taken depends largely on UE implementation of the autonomous CSG search, as
it is expected that the UE will apply means to reduce battery consumption in verifying the location (to trigger CSG
search, based e.g., on 'fingerprint'). However, this factor is thought to be existent only in the case the CSG cell is
deployed on a different frequency as the serving cell, as for intra-frequency case the UE should be able to detect the
CSG cell naturally through normal intra-frequency cell search. Therefore, in case of intra-frequency mobility, the
handover should be completed in the order of 1 s. In case of inter-frequency mobility, 10-30 s is expected including the
autonomous CSG search time.

13. For inbound mobility to CSG cells in active mode, the cell search, CSG identification, and handover
process shall be completed in the order of 1 s in case of intra-frequency mobility. In case of inter-
frequency mobility, 10-30 s is expected including the autonomous CSG search time.

For inbound mobility to CSG cells in idle mode, in case of intra-frequency mobility, the same requirements as for non-
CSG reselection should apply also to inbound reselection to CSG cells. For inter-frequency mobility, the inbound
mobility is not as time critical. However, considering applicability of different tariffs and CSG/ Home-eNB identifiers
to be displayed on the terminal screen, it is desirable that the UE camps on the suitable CSG cell without excessive
delay. It is desirable that inbound cell reselection is possible within 20-60 s. If UE battery consumption becomes a
critical issue, this requirement can be revisited.

14. For inbound mobility to CSG cells in idle mode, cell reselection shall be completed as for normal non-CSG
reselection in case of intra-frequency mobility. In case of inter-frequency mobility, it is desirable that
inbound cell reselection is possible within 20-60 s.

If the PCI or the carrier frequency of the CSG cell changes, the UE shall be able to detect this change autonomously. It
is expected that the UE would look for the CSG cell based on the PCV/ carrier frequency as last stored in its memory and
based on the fingerprint. Then, the UE would detect absense of the CSG cell from where it was expected, and initiate a
full scan of the CSG cell. By checking the global cell identity of detected CSG cells, the UE should eventually find the
CSG cell on a new PCI or carrier frequency. Such autonomous procedure shall be completed within [6 min, FFS]. Once
the CSG cell has been found, the requirements 12 and 13 shall apply then on.

15.1If the PCI or the carrier frequency of the CSG cell changes, the UE shall be able to detect this change
within [6 min, FFS]. The performance requirements 11 and 12 shall apply then on.
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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 of radio 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 classes and 7 UL classes for FDD out of which only 2 DL and 3 UL classes were commercially realized.
Furthermore the lower end classes (e.g. 64 UL and 64 DL) disappeared from the market with commercialization of the
UMTS networks quite soon. Besides these class definitions a huge number of possible parameter combinations (to
achieve certain data rates) exist with UMTS R"99 which lead to the huge number of RAB and RB combinations
defined. Further activities in the early phase of UMTS standardization aimed to reduce the number of possible
combinations significantly.

For HSDPA two 'simple' DL categories (11 & 12) with lowered complexity were defined with the intent to speed up
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 platform products. A similar situation is 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 system definition as well
as the realization options (e.g. mandating 20 MHz of DL reception as well as 20 MHz UL transmission bandwidth
significantly reduced the E-UTRAN system complexity). Especially mandating certain terminal functions could be
useful for the system design if a defined subset of parameter combinations are also supported by the systems, e.g. the
eNB scheduler. However, there is also a risk that not all the 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 of interoperability problems unless these features have undergone
sufficient interoperability testing (IOT) on real network equipment, and preferably with more than one network in order
to improve the confidence of the 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 discussion above, it seems beneficial for the introduction of E-UTRAN to limit the combination of radio
capabilities to a clearly defined subset and ensure that a given set of parameters is supported by certain UE classes as
well as networks for rapid E-UTRAN deployment. It seems unrealistic to mandate only one single UE class which
always mandates the maximum capability.

In order to address the different market requirements (low end, medium and high end), the definition of the 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: For simplification reasons, the table only depict the UE capabilities in terms of uplink and downlink
peak data rates 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, since up to 5 MHz band allocations may be rather common in real deployments for several
years. This would point to bit rate class of 25 Mbps in DL and 10 Mbps in UL.

The above given data rates are indicative and should be subject for further discussions in 3GPP RAN working groups.
Depending on the different solutions 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 of the required
parameters/features is for further study for each of the classes. For instance, half-duplex UEs form a specific category
that may be frequency band specific.
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NOTE: the support of half-duplex UEs is mandatory for the eNB where such a category is allowed in the
frequency band supported by the eNB.

The aim is to ensure on the one hand that high end E-UTRAN UEs, supporting data rates representing state of the art
level and competitive with other radio technologies are defined, while the medium and lower data rates aim to reduce
implementation cost for chipset/terminal vendors and allow adoption of most cost efficient solutions for different
market segments. It is expected that the support of the high end data rate terminals is ensured from the very beginning.

Another clear exception from this exercise is that on the low end very cheap product implementation 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 data applications in notebooks, wireless gateways (‘wireless DSL"), etc.

Another important aspect that must be ensured is that a higher capability UE can be treated in exactly the same way as
for a lower capability UE, if the network wishes to do so, e.g., in case the network does not support some higher
capability features. In HSDPA, there has been problems in this respect due to 2-stage rate matching in HARQ. Such
problems should be avoided in E-UTRAN, and E-UTRAN UE capabilities should provide the compatibility to ease
implementation and interoperability testing.
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RP-41 RP-080688]0027 |- Removal of DRX interval threshold in 36.300 8.5.0 |8.6.0
RP-41 RP-080688 |0028 |- CR on Randon Access procedure 8.5.0 |8.6.0
RP-41 RP-080688 0032 |1 Transport of NAS messages by AS during Handover 8.5.0 |8.6.0
RP-41 RP-080688|0034 |- CR to 36.300 capturing home eNB conclusions of RAN2 #63 8.5.0 |8.6.0
RP-41 RP-080688 |0035 |- Changes to TS36.300 agreed in RAN3#61 8.5.0 |8.6.0
2008-12 |RP-42 RP-081016]0036 |- CR0036 to 36.300 [Rel-8] on Contention Resolution 8.6.0 |8.7.0
RP-42 RP-081016 0037 |- CRO0037 to 36.300 [Rel-8] on ETWS SIB 8.6.0 |8.7.0
RP-42 RP-081016 0038 |- Alignment of 36.300 with stage 3 on 1XRTT CSfallback 8.6.0 |8.7.0
RP-42 RP-081016]0039 |1 Data handling in UE during Inter-RAT mobility 8.6.0 |8.7.0
RP-42 RP-081016 0040 |- Removing of end time for dedicated preamble 8.6.0 [8.7.0
RP-42 RP-081016|0041 |- Remove the Note about RA preamble for FS2 8.6.0 |8.7.0
RP-42 RP-081016|0042 |- Clarification of AS-NAS concatenation - Stage 2 8.6.0 |8.7.0
RP-42 RP-081016|0044 |- CR 0044 to 36.300 on Miscellaneous corrections 8.6.0 |8.7.0
RP-42 RP-081016|0046 |1 Proposed CR to 36.300 [Rel-8] on Security Overview 8.6.0 |8.7.0
RP-42 RP-081016|0047 |- Proposed CR to 36.300 [Rel-8] on MBMS 8.6.0 |8.7.0
RP-42 RP-081016]0050 |- PDCP reordering function removal 8.6.0 |8.7.0
RP-42 RP-081016 0052 |- Align Number of Cell Identities 8.6.0 |8.7.0
RP-42 RP-081016 0055 |2 Periodic Updates In Connected Mode DRX 8.6.0 |8.7.0
RP-42 RP-081016|0056 |- Cleaning of the figure w.r.t Handover Control Plane -CRto TS [8.6.0 |8.7.0
36.300
RP-42 RP-081016 0057 |- CR to 36.300 to capture measurement model for EUTRAN 8.6.0 |8.7.0
RP-42 RP-081016]0058 |2 CSG Mobility Updates from RAN2 #63bis and RAN2 #64 8.6.0 |8.7.0
RP42 RP-081016|0059 |- CR to 36.300 on Correction of the Description of FS2 8.6.0 |8.7.0
RP-42 RP-081016]0060 |- Changes to TS36.300 agreed in RAN3#61bis and RAN3#62 8.6.0 |8.7.0
2009-03 |RP-43 RP-090123|0061 |1 CR to 36.300 - Clarification on RAPreambles 8.7.0 |8.8.0
RP-43 RP-090123 0062 |- CR to 36.300 on E-UTRAN Identities 8.7.0 |8.8.0
RP-43 RP-090123 0063 |1 CR to 36.300 - MME in temporary UE identity 8.7.0 |8.8.0
RP-43 RP-090123 0064 |- UE with SIM in EUTRA 8.7.0 |8.8.0
RP-43 RP-090123 0065 |- Collected 36.300 corrections 8.7.0 |8.8.0
RP-43 RP-090123 0066 |- CR for 36.300 on Local NACK feature 8.7.0 |8.8.0
RP-43 RP-090123 0067 |- CR for allowed CSG list 8.7.0 |8.8.0
RP-43 RP-090123]0068 |3 UE capability transfer upon handover to E-UTRA 8.7.0 |8.8.0
RP-43 RP-090123]|0069 |1 Inter-RAT ANR Function for CDMA2000 8.7.0 |8.8.0
RP-43 RP-090123 0070 |- Corrections to Handover Scenario 8.7.0 |8.8.0
RP-43 RP-080123|0071 |- Corrections to Security for alignment with 33.401 8.7.0 |8.8.0
RP-43 RP-090134|0072 |- Establishment of X2 Interface to HONB GW 8.7.0 |8.8.0
RP-43 RP-090134 0073 |- Clarification of PLMN id to be used in E-CGI and Global eNB ID |8.7.0 |8.8.0
RP-43 RP-090134|0074 |- Specification of UL PDUs handling 8.7.0 |8.8.0
RP-43 RP-090134]0075 |- Update of AMBR Concept with UE-AMBR and APN-AMBR 8.7.0 |8.8.0
RP-43 RP-090134|0076 |- Aligning E-RAB release request procedure with E-RAB release |8.7.0 [8.8.0
indication in 36.413
RP-43 RP-090134 0077 |- Stage 2 CR on $1 CDMA2000 Tunnelling Function 8.7.0 |8.8.0
RP-43 RP-090134]0078 |- Finalisation of dynamic configuration of the X2 and S1 interfaces [8.7.0 |8.8.0
RP-43 RP-090134|0079 |- Addition and correction of X2 procedures in stage 2 specification |8.7.0 |8.8.0
RP-43 RP-090134|0080 |- NNSF Description 8.7.0 |8.8.0
RP-43 RP-090134]0081 |- Collection of minor corrections to 36.300 agreed by RAN3 8.7.0 |8.8.0
RP-43 RP-090134|0082 |- Data Forwarding Resource Release 8.7.0 |8.8.0
RP-43 RP-090134|0083 |- Support of Paging Optimisation for CSG cells 8.7.0 |8.8.0
RP-43 RP-090134|0084 |- Handling of trace session and location reporting during UE 8.7.0 |8.8.0
context release
2009-06 |RP-44 RP-090507 |0085 |- Proposed CR to 36.300 on RLC status report triggers 8.8.0 |8.9.0
RP-44 RP-090507|0086 |2 Updates on UE capability transfer and container handling for E- |8.8.0 [8.9.0
UTRA
RP-44 RP-090507 |0089 |- Proposed CR to 36.300 Rel-8 on FFS and outdated statements [8.8.0 [8.9.0
RP-44 RP-090508 |0096 |- Removal of no longer necessary notes 8.8.0 |8.9.0
RP-44 RP-090508 |0097 |- Introduction of support for Cell traffic trace 8.8.0 |8.9.0
RP-44 RP-090508 |0098 |- Correction the text about the UE History Information 8.8.0 ]8.9.0
RP-44 RP-0905380102 |- Configuration transfer 8.8.0 |8.9.0
2009-09 |RP-45 RP-090906 0105 |- Correction regarding SRVCC 8.9.0 |8.10.0
RP-45 RP-090906 |0107 |- Clarification on UE behaviour in case of L2 buffer overflow 8.9.0 |8.10.0
RP-45 RP-090906|0109 |- Removal of MBMS 8.9.0 |8.10.0
RP-45 RP-090906 |0125 |- Corrections to ECGI Specification 8.9.0 ]8.10.0
RP-45 RP-090919]0131 |- Addition of missing Resource Status Reporting procedures 8.9.0 |8.10.0
RP-45 RP-09091910135 |- Handling of Radio Link Failure and S1 UE Context Release 8.9.0 [8.10.0
Request
RP-45 RP-090919]0139 |- Introduction of informative text on Initial Context Setup failure 8.9.0 |8.10.0
2009-12 |RP-46 RP-091314|0144 |- CR on the usage of Transparent Mode MAC 8.10.0 18.11.0
RP-46 RP-091331]0147 |1 ETWS correction to 36.300 8.10.0 |8.11.0
RP-46 RP-091314]0149 |- Inclusion of INTER RAT HANDOVER INFO at HO from UTRAN |8.10.0 |8.11.0
to GERAN
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RP-46 RP-09131410155 |1 Correction on the precondition for cell reselection to HRPD 8.10.0 |8.11.0

RP-46 RP-091332|0176 |- Overload reduction 8.10.0 |8.11.0

RP-46 RP-091332|0181 |- In order delivery of the multiple NAS PDUs 8.10.0 |8.11.0
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