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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 forall changes 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 documentspecifies the EEFUTRA MAC protocol.

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 in the same
Release as the present document.

1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer
Procedures".

[3] 3GPP TS 36.322: “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control
(RLC) protocolspecification”.

[4] 3GPP TS 36.323: “Evolved Universal Terrestrial Radio Access (E-FUTRA); Packet Data
Convergence Protocol (PDCP) Specification”.

[5] 3GPP TS 36.212: “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channelcoding”.

[6] 3GPP TS 36.214: “Evolved Universal Terrestrial Radio Access (E-FUTRA); Physical layer;
Measurements”.

[7] 3GPP TS 36.211: “Evolved Universal Terrestrial Radio Access (E-FUTRA); Physical Channels and
Modulation”.

[8] 3GPP TS 36.331: “Evolved Universal Terrestrial Radio Access (EFUTRA); Radio Resource
Control (RRC); Protocolspecification”.

[9] 3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support ofradio resource management".

[10] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmissionandreception”.

[11] 3GPP TS 36.216: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer for
relaying operation".

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities".

[13] 3GPP TS 23.303: "Proximity-based services (ProSe); Stage 2".
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3 Definitions and abbreviations

3.1 Definitions

Forthe purposes ofthe present document, the terms and definitions givenin TR21.905 [1] and the following apply. A
term defined in the presentdocument takes precedence over thedefinition ofthe same term, if any, in TR 21.905 [1].

Active Time: Time related to DRX operation, as defined in subclause 5.7, during which the MACentity monitors the
PDCCH.

mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s ) during which the MAC entity shall
monitorthe PDCCH after Msg3 is transmitted.

DRX Cycle: Specifies the periodic repetition ofthe On Duration followed by a possible period of inactivity (see figure
3.1-1 below).

«-On Duration—»<———COpportunity for DRX—»

UE shall monitor
PDCCH

—

«———DRXCycle———————>

Figure 3.1-1: DRX Cycle

drx-InactivityTimer. Specifies thenumber of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH
indicates aninitial UL, DL or SL userdata transmission for this MAC entity. For NB-IoT it specifies the number of
consecutive PDCCH-subframe(s) after the subframe containing an UL-SCH or after the subframe containing the HARQ

feedback fora DL data transmission for this MAC entity.

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s ) untila DL
retransmission is received.

drxShortCycleTimer: Specifies thenumber of consecutive subframe(s) the MAC entity shall follow the Short DRX
cycle.

drxStartOffset: Specifies the subframe where the DRX Cycle starts.

drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL
retransmission is received.

HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator
(NDI), Transport Block (TB) size. For DL-SCH transmissions and forasynchronous ULHARQ, the HARQ
information also includes HARQ process ID, except for UEs in NB-IoT for which this information is not present. For
UL-SCH transmission the HARQ information also includes Redundancy Version (RV). In case of spatial multiplexing
on DL-SCH the HARQ information comprises a setof NDI and TB size for each transportblock. HARQ information
for SL-SCH and SL-DCH transmissions consists of TBsize only.

HARQ RTT Timer: This parameter specifies the minimum amount ofsubframe(s) before a DLHARQ retrans mission
is expected by the MACentity.

Msg3: Message transmitted on UL-SCH containing a C-RNTIMACCE or CCCH SDU, submitted fromupper layer
and associated with the UE Contention Resolution Identity, as partofa randomaccess procedure.

NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 180 kHz.
NB-IoT UE: A UE thatuses NB-IoT.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginningofa DRX Cycle.
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PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured), MPDCCH [2], for an RN with R-
PDCCH configured andnotsuspended, to the R-PDCCH or, for NB-loT to the NPDCCH.

PDCCH period (pp): Refers to the interval betweenthestart oftwo PDCCH occasions and depends on the currently
used PDCCH search space [2]. Foran NB-IoT UE, a timer duration is configured by upper layers in units ofa PDCCH
period. The calculation of number of PDCCH-subframes fora timer is done by multiplying the number of PDCCH
periods with npdcch-NumRepetitions-RA whenthe UEuses the common search space or by npdcch-NumRepetitions
when the UEuses the UE specific search space.

PDCCH-subframe: Refers to a subframe with PDCCH. Fora M A Centity notconfigured with any TDD serving
cell(s), this represents any subframe; fora M A Centity configured with at leastone TDD servingcell, if a MA Centity i
capable of simultaneous reception and transmission in the aggregated cells, this represents the unionoverallserving
cells of downlink subframes and subframes including DWPTS ofthe TDD UL/DL configurationindicated by tdd-
Config [8],except serving cells that are configured with scheduling Cellld [8]; otherwise, this represents the subframes
where the SpCellis configured with a downlink subframe ora subframe including DWPTS ofthe TDD UL/DL
configuration indicated by tdd-Config 8].

ForRNs with an RN subframe configuration configured and notsuspended, in its communication with the E-UTRAN,
this represents alldownlink subframes configured for RN communication with the EEFUTRAN.

For SC-PTM receptionon a FDD cell, this represents any subframe ofthe cell except MBSFN subframes ; for SC-PTM
reception ona TDD cell, this represents the downlink subframes and subframes including DwPTS ofthe TDD UL/DL

configurationindicated by tdd-Config[8] of the cell except MBSFN subframes.
PRACH: Refers to PRACH or for NB-IoT to NPRACH.

PRACH Resource Index: The indexofa PRACH within a systemframe [7]
Primary Timing Advance Group: Timing Advance Group containingthe SpCell.
PUCCH SCell: An SCell configured with PUCCH.

ra-PRACH-MaskIndex: Defines in which PRA CHs within a system frame the MA Centity can transmit a Random
Access Preamble (see subclause 7.3).

RA-RNTIL: The RandomAccess RNTIis used on the PDCCH when Random A ccess Response messages are
transmitted. It unambiguously identifies which time-frequency resource was utilized by the MAC entity to transmit the

RandomAccess preamble.
SCPeriod: Sidelink Control period, the time period consisting of transmission of SCl and its corresponding data.

SCI: The Sidelink Control Information contains the sidelink scheduling informationsuch as resource block assignment,
modulation and coding scheme and Group Destination ID [5].

Secondary Timing Advance Group: Timing AdvanceGroup notcontainingthe SpCell. A Secondary Timing A dvance
Group contains at least one Serving Cell with an UL configured.

Serving Cell: A Primary or a Secondary Cell [8].

Sidelink: UEto UE interface forsidelink communication and sidelink discovery. The sidelink corresponds to the PC5
interface as definedin [13].

Sidelink Discovery Gap for Reception: Time period during which the UEdoes not receiveany channels in DL from
any servingcell, except during randomaccess procedure.

Sidelink Discovery Gap for Transmission: Time period during which the UE prioritizes transmission of sidelink
discovery overtransmission of channels in UL, if they occurin the same subframe, except duringrandomaccess
procedure.

Special Cell: For Dual Connectivity operationthe term Special Cell refers to the PCell of the MCG orthe PSCell of the
SCG, otherwisethe term Special Cell refers to the PCell.

Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with an UL
configured, using the same timing reference cell and the same Timing Advancevalue.

UL HARQ RTT Timer: This parameter specifies the minimumamount of subframe(s) before a UL HARQ
retransmission grant is expected by the MAC entity.
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NOTE: A timer is running once it is started, untilit is stopped oruntilit expires; otherwise it is not running. A
timer can be startedifit is not running orrestartedifit is running. A Timeris always started orrestarted
from its initial value.

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 precedence over the definition ofthe same abbreviation, ifany, in
TR 21.905 [1].

BL Bandwidth reduced Low complexity

BSR Buffer Status Report

C-RNTI Cell RNTI

CQI Channel Quality Indicator

CRI CSI-RS Resource Indicator

eIMTA Enhanced Interference Managementand Traffic Adaptation
eIMTA-RNTI Enhanced Interference Managementand Traffic Adaptation- RNTI
E-UTRA Evolved UMTS Terrestrial Radio Access
E-UTRAN Evolved UMTS Terrestrial Radio A ccess Network
G-RNTI Group RNTI

MAC MediumAccess Control

MCG Master Cell Group

M-RNTI MBMS RNTI

MPDCCH MTC Physical Downlink Control Channel

LCG Logical Channel Group

NB-IoT Narrow Band Internet of Things

NPDCCH Narrowband Physical Downlink Control Channel
NPRACH Narrowband Physical Random A ccess Control Channel
PCell Primary Cell

PSCell Primary Secondary Cell

PHR Power HeadroomReport

PMI Precoding MatrixIndex

PPPP ProSe Per-Packet Priority

P-RNTI Paging RNTI

ProSe Proximity-based Services

pTAG Primary Timing Advance Group

PTI Precoding Type Indicator

RA-RNTI RandomAccess RNTI

RI Rank Indicator

RN Relay Node

RNTI Radio Network Temporary Identifier

SCell Secondary Cell

SC-FDM Single-Carrier Frequency Division Multiplexing
SCG Secondary Cell Group

SCI Sidelink Control Information

SC-N-RNTI Single Cell Notification RNTI

SC-PTM Single Cell Point to Multipoint

SC-RNTI Single Cell RNTI

SI-RNTI SystemInformation RNTI

SL Sidelink

SL-RNTI Sidelink RNTI

SR Scheduling Request

SRS Sounding Reference Symbols

SpCell Special Cell

sTAG Secondary Timing Advance Group

TAG Timing Advance Group

TB Transport Block

TPC-PUCCH-RNTI Transmit Power Control-Physical Uplink Control Channel-RNTI
TPC-PUSCH-RNTI Transmit Power Control-Physical Uplink Shared Channel-RNTI
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4 General

4.1 Introduction

The objectiveis to describe the MAC architecture and the MAC entity froma functional pointofview. Functionality
specified forthe UEequally applies tothe RN for functionality necessary forthe RN. There is also functionality which
is only applicable to the RN, in which case the specification denotes the RN instead ofthe UE. RN-specific behaviouris
notapplicable to the UE. For TDD operation, UE behaviour follows the TDD UL/DL configuration indicated by tdd-

Configunless specified otherwise.

4.2 MAC architecture

The descriptionin this sub clause is a modeland does not specify or restrict implementations.

RRC is in controlofconfigurationof MAC.

4.21 MAC Entities

E-UTRA defines two MACentities; one in the UEand one in the EEFUTRAN. These MAC entities handle the following
transport channels:

- BroadcastChannel (BCH);
- Downlink Shared Channel(s ) (DL-SCH);
- Paging Channel (PCH);
- Uplink Shared Channel(s) (UL-SCH);
- RandomAccess Channel(s) (RACH);
- MulticastChannel(s) (MCH);
- Sidelink Broadcast Channel (SL-BCH);
- Sidelink Discovery Channel (SL-DCH);
- Sidelink Shared Channel (SL-SCH).
The exact functions performed by the MAC entities are differentin the UE from thoseperformedin the EEUTRAN.

The RN includes bothtypes of MAC entities; one type for communication with UEs and onetype for communication
with the EEFUTRAN.

In Dual Connectivity, two M AC entities are configured in the UE: one forthe MCG and one forthe SCG. Each MAC
entity is configured by RRCwith a serving cell supporting PUCCH trans mis sion and contention based Random A ccess.
In this specification, theterm SpCell refers to such cell, whereas the term SCell refers to otherserving cells. Theterm
SpCell eitherrefers to the PCell of the MCG or the PSCell ofthe SCG depending on ifthe MA Centity is associated to
the MCG or the SCG, respectively. A Timing Advance Group containing the SpCellofa MA Centity is referred to as

pTAG, whereas the terms TAGrefers to other TAGs.

The functions ofthe different MAC entities in the UE operate independently ifnot otherwise indicated. The timers and
paramenters used in each MAC entity are configured independently ifnot otherwiseindicated. The Serving Cells, C-
RNTIL radio bearers, logical channels, upperand lower layer entities, LCGs, and HARQ entities considered by each
MA Centity referto thosemappedto that MACentity ifnot otherwise indicated.

If the MA Centity is configured with one or more SCells, there are multiple DL-SCH and there may be multiple UL~
SCH and RACH per MA Centity; one DL-SCH and UL-SCH on the SpCell, one DL-SCH, zero orone UL-SCH and

zero orone RA CH for each SCell.

Figure 4.2.1-1 illustrates onepossible structure forthe UEside MA C entity when SCGis not configured, and it should
not restrict implementation.
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Upper layers
MCCH MTCH BCCH CCCH DCCH DTCH MAGC- control

SC- SC-
MCCH MTCH PCCH

Logical Channel Prioritization( UL only)

Multiplexing

De Multiplexing (De-) Multiplexing Control
Multiplexin
: . Random
HARQ Access Control

De

PCH MCH BCH DL-SCH UL-SCH RACH

Lower layer
Figure 4.2.1-1: MAC structure overview, UE side

Figure 4.2.1-2 illustrates onepossible structure forthe UEside MA C entities when MCGand SCG are configured, and
it should not restrictimplementation. MBMS receptionand SC-PTM reception is excluded fromthis figure for

simplicity.

Upper layers Upper layers
MAC-control

CCCH  DCCH MAC-control BCCH DTCH
I
Logical Channel Prioritization (UL only) Logical Channel Prioritization (UL only)

(De-)Multiplexing Control

(De-)Multiplexing Control
Random
Access Control

Random
Access Control

PCHof BCHof DL-SCHof UL-SCH of RACH of BCH of DL-SCH of UL-SCH of RACH of
MCG  mcG MCG MCG MCG SCG fSlelc] SCG sSCG

Lower layer of MCG Lower layer of SCG

Figure 4.2.1-2: MAC structure overview with two MAC entities, UE side

Figure 4.2.1-3 illustrates onepossible structure for the UEside MA Centity when sidelink is configured, and it should
not restrict implementation.
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Upper layers
SBCCH STCH MAC-control

S i S
Logical Channel
Prioritization (tx
only)

(De-)Muttiplexing

Control

PDU filtering
(rx only)

HARQ HARQ

SL-DCH SL-BCH SL-SCH

Lower layer

Figure 4.2.1-3: MAC structure overview for sidelink, UE side

4.3 Services

4.3.1 Services provided to upper layers

This clause describes the different services provided by MA Csublayer to upper layers.
- datatransfer

- radio resourceallocation

4.3.2  Services expected from physical layer
The physicallayer provides the following services to MAC:

- datatransferservices;

- signalling of HARQ feedback;

- signalling of Scheduling Request;

- measurements (e.g. Channel Quality Indication (CQI)).

The access tothe data transfer services is through theuse oftransport channels. The characteristics ofa transport
channel are defined by its transport format (or format set), specifyingthe physical layer processing to be applied to the
transport channelin question, suchas channel coding and interleaving, and any service-specific rate matching as

needed.

4.4 Functions

The following functions are supported by MA Csublayer:

- mapping between logical channels and transportchannels;
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- multiplexing of MAC SDUs from one or different logical channels onto transportblocks (TB) to be delivered to
the physicallayer on transportchannels;

- demultiplexing of MACSDUs from one or different logical channels fromtransport blocks (TB) delivered from
the physicallayer on transportchannels;

- scheduling informationreporting;

- errorcorrection through HARQ;

- priority handling between UEs by means of dynamic scheduling;
- priority handling between logical channels ofone MAC entity;

- Logical Channelprioritisation;

- transport format selection;

- radio resourceselection for SL.

The location ofthe different functions and theirrelevance foruplink and downlink respectively is illustrated in Table
4.4-1.

Table 4.4-1: MAC functionlocation and link direction association.

MAC function UE eNB Downlink Uplink Sidelink tx Sidelink rx

Mapping betw een logical channels and transport channels X X X X X
X X X

Multiplexing X X X
X X

Demultiplexing X X X
X X

Error correction through HARQ X X X X X
X X X

Transport Format Selection X X X

X X X

Priority handling betw een UEs X X X

Priority handling betw eenlogical channels of one MAC X X X

entity

Logical Channel prioritisation X X X

Scheduling information reporting X X

Radio Resource Selection X X

4.5 Channel structure

The MACsublayer operates on the channels defined below; transport channels are SAPs between MACand Layer 1,
logicalchannels are SAPs between MACand RLC.

4.5.1 Transport Channels

The transport channels usedby MACare described in Table 4.5.1-1 below.
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Table 4.5.1-1: Transport channels used by MAC

Transport channelname Acronym Dow nlink Uplink Sidelink tx Sidelink rx
Broadcast Channel BCH X

Dow nlink Shared Channel DL-SCH X

Paging Channel PCH X

Multicast Channel MCH X

Uplink Shared Channel UL-SCH X

Random Access Channel RACH X

Sidelink Broadcast SL-BCH X X
Channel

Sidelink Discovery Channel SL-DCH X X
Sidelink Shared Channel SL-SCH X X

4.5.2 Logical Channels

The MAClayerprovides datatransfer services on logical channels. A set oflogical channeltypes is defined for
different kinds ofdata transferservices as offeredby MAC.

Each logical channeltype is defined by what type of informationis transferred.

MACprovides thecontrol and traffic channels listed in Table 4.5.2-1 below.

Table 4.5.2-1: Logical channels provided by MAC.

Logical channelname Acronym Control channel Traffic channel
Broadcast Control Channel BCCH X
Bandw idth Reduced BR-BCCH X
Broadcast Control Channel
Paging Control Channel PCCH X
Common Control Channel CCCH X
Dedicated Control Channel DCCH X
Multicast Control Channel MCCH X
Single Cell Multicast Control SC-MCCH X
Channel
Dedicated Traffic Channel DTCH X
Multicast Traffic Channel MTCH X
Single-Cell Multicast Traffic SC-MTCH X
Channel
Sidelink Traffic Channel STCH X
Sidelink Broadcast Control SBCCH X
Channel

4.5.3  Mapping of Transport Channels to Logical Channels

The mapping oflogical channels on transport channels depends on the multiplexing that is configured by RRC.

4.5.3.1 Uplink mapping

The MACentity is responsible formapping logical channels for the uplink ontouplink transport channels. The uplink
logicalchannels canbe mappedas described in Figure 4.5.3.1-1 and Table 4.5.3.1-1.
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CCCH DCCH DTCH

Uplink
Logical channels

Uplink
Transport channels

Figure 4.5.3.1-1

Table 4.5.3.1-1: Uplink channel mapping.

Transport channel UL-SCH RACH
Logical channel

CCCH X

DCCH X

DTCH X
4532 Downlink mapping

The MA Centity is responsible formapping thedownlink logical channels to downlink transportchannels. The
downlink logical channels can be mappedas described in Figure 4.5.3.2-1 and Table 4.5.3.2-1.

BR- SC- SC- .
MTCH MCCH PCCH BCCH pgegy CCCH  DCCH DTCH  ytcH wmccH  Downlink

-O-O - - Logical
channels
Downlink
-O-O-—-———————"—-"=-"--C=-——-——-- Transport
MCH PCH BCH DL-SCH channels

Figure 4.5.3.21

Table 4.5.3.2-1: Downlink channel mapping.

Transport channel BCH PCH DL-SCH MCH
Logical channel

BCCH X
BR-BCCH

PCCH X

CCCH

DCCH

DTCH

MCCH X

MTCH X
SC-MCCH
SC-MTCH

XXX XX

X X
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45.3.3 Sidelink mapping

The MACentity is responsible for mapping thesidelink logical channels to sidelink transport channels. The sidelink
logicalchannels canbe mappedas described in Figure 4.5.3.3-1 and Table 4.5.3.3-1.

Sidelink
- -——-—-- Q- Logical channels
Sidelink
—O-O-O-—- Transport channels

SL-BCH SL-DCH  SL-SCH

Figure 4.5.3.3-1

Table 4.5.3.3-1: Sidelink channel mapping.

Transport channel SL-SCH SL-BCH SL-DCH
Logical channel

STCH X
SBCCH X

5 MAC procedures

5.1 Random Access procedure

51.1 Random Access Procedure initialization

The Random A ccess procedure described in this subclauseis initiated by a PDCCH order, by the MA Csublayeritself
or by the RRC sublayer. Random A ccess procedureon an SCellshall only be initiated by a PDCCH order. Ifa MAC
entity receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNT]I, and fora specific
Serving Cell, the MA Centity shall initiate a Random A ccess procedure on this Serving Cell. For Random A ccess on the
SpCell a PDCCH order or RRC optionally indicate the ra-Preambleindex and the ra-PRACH-MaskIndex, except for
NB-IoT where the subcarrier indexis indicated; and for Random A ccess onan SCell, the PDCCH orderindicates the
ra-Preamblelndex with a value different from 000000 and the ra-PRACH-MaskIndex. Forthe pTAGpreamble
transmission on PRA CH and reception ofa PDCCH order are only supported for SpCell. If the UE is an NB-loT UE
and is configured with a non-anchor carrier, performthe Random A ccess procedure on the anchor carrier.

Before the procedure canbe initiated, the following information forrelated Serving Cellis assumed to be available for
UEs otherthan NB-IoT UEs, BL UEs or UEs in enhanced coverage [8], unless explicitly stated otherwise:

- theavailable set of PRACH resources forthe transmission ofthe Random A ccess Preamble, prach-Configindex.

- the groups ofRandom A ccess Preambles and the set ofavailable Random A ccess Preambles in each group
(SpCell only):

The preambles that are contained in Random A ccess Preambles group A and Random A ccess Preambles group B
are calculated fromthe parameters numberOfRA-Preambles and size OfRA-Preambles Group A:

If sizeOfRA-Preambles GroupA is equal to numberOfRA-Preambles then there is no Random A ccess Preambles
group B. The preambles in Random A ccess Preamble group A are the preambles O to sizeOfRA-
PreamblesGroupA—1and, if it exists, the preambles in Random A ccess Preamble group B are the preambles
sizeOfRA-PreamblesGroupA to numberOfRA-Preambles — 1 fromthe set of 64 preambles as definedin [7].
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if Random A ccess Preambles group B exists, the thresholds, messagePowerOffset GroupB and
messageSizeGroupA, the configured UE transmitted power ofthe Serving Cell performing the Random A ccess
Procedure, Pcumax, c [10], and the offsetbetween the preamble and Msg3, deltaPreambleMsg3, thatare required

for selectingoneofthe two groups of Random A ccess Preambles (SpCell only).

the RA response window size ra-ResponseWindowSize.

the power-ramping factor powerRampingStep.

the maximum number of preamble transmission preambleTransMax.

the initial preamble power preamblelnitialReceived Target Power.

the preamble format based offset DELTA PREAMBLE (see subclause 7.6).

the maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx (SpCell only).

the Contention Resolution Timer mac-ContentionResolutionTimer (SpCell only).

NOTE: Theabove parameters may be updated fromupperlayers before each Random A ccess procedure is

initiated.

The following information forrelated Serving Cellis assumed to be available before the procedure can be initiated for
NB-IoT UEs, BL UEs or UEs in enhanced coverage [8]:

if the UE is a BL UE or a UE in enhanced coverage:

- theavailable set of PRACH resources associated with each enhanced coverage level supported in the Serving
Cell for the transmission ofthe Random A ccess Preamble, prach-Configindex.

- the groups of Random A ccess Preambles and the set ofavailable Random A ccess Preambles in each group,
preambleMappinginfo (SpCellonly).

The preambles that are contained in Random A ccess Preambles groups for each enhanced coveragelevel, if it
exists, are calculated fromthe parameters firstPreamble and lastPreamble.

if the UE is a NB-lIoT UE:
- theavailable set of PRACH resources supported in the Serving Cell, nprach-ParametersList.
- forrandomaccess resource selection and preamble transmis sion:

- aPRACHresource is mappedinto an enhanced coverage level.

- each subcarrierofa PRACH resource corresponds to a Random A ccess Preamble.

- a PRACHresource contains a group of subcarriers that is referred to as a Random A ccess Preamble group
below in the procedure text.

- when the subcarrier indexis explicitly sent fromthe eNB as part ofa PDCCH order ra-Preamblelndex
shallbe set to the signalled subcarrier index.

- the mapping ofthe PRACH resources into enhanced coveragelevels is determined accordingto the
following:

- thenumberofenhanced coverage levels is equal to one plus the number of RSRP thresholds presentin
RSRP-ThresholdsPrachlnfoList.

- each enhancedcoverage level has one PRA CH resource presentin nprach-ParametersList.

- enhanced coverage levels are numbered from0 and the mapping of PRA CH resources to enhanced
coveragelevels are donein increasing numRepetitionsPerPreambleAttempt order.

the criteria to select PRA CH resources based on RSRP measurementper enhanced coverage level supported in
the Serving Cell rsrp-ThresholdsPrachinfoList.
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- the maximum number ofpreamble transmission attempts per enhanced coverage level supported in the Serving
Cell maxNumPreambleAttemptCE.

- thenumberofrepetitions required for preamble transmission per attempt for each enhanced coverage level
supportedin the Serving Cell numRepetition Per PreambleAttempt.

- the configured UE transmitted power ofthe Serving Cell performing the Random A ccess Procedure, Povax, ¢
[10].

- the RA response window size ra-ResponseWindowSize and the Contention Resolution Timer mac-
ContentionResolutionTimer (SpCell only) per enhanced coveragelevel supported in the Serving Cell.

- the power-ramping factor powerRampingStep.
- the maximum number of preamble transmission preambleTransMax-CE.

- theinitial preamble power preamblenitialReceived Target Power.

- thepreamble format based offset DELTA PREAMBLE(see subclause 7.6). For NB-IoT the
DELTA PREAMBLE s setto 0.

- if sizeOfRA-PreamblesGroup Ais not equal to numberOfRA-Preambles, then Random A ccess Preambles group B
exists forall enhanced coveragelevels andis calculated as above.

The Random A ccess procedure shall be performed as follows:
- Flush the Msg3 buffer;
- setthe PREAMBLE TRANSMISSION COUNTERto 1;
- if the UEis an NB-IoT UE, a BL UE ora UE in enhanced coverage:
- setthe PREAMBLE TRANSMISSION COUNTER CEto 1;

- if the starting enhanced coveragelevel, or for NB-IoT the initial number of PRA CH repetitions, has been
indicated in the PDCCH order which initiated the Random A ccess procedure, orifthe startingenhanced
coveragelevelhas beenprovided by upper layers:

- the MACentity considers itselfto be in that enhanced coverage level regardless ofthe measured RSRP;
- else:

- if the RSRP threshold ofenhanced coverage level 3 is configured by upper layers in rsrp-
ThresholdsPrachinfoListand the measured RSRP is less thanthe RSRP threshold of enhanced coverage

level3 and the UEis capable ofenhanced coverage level 3 then:
- the MACentity considers to be in enhanced coverage level 3;

- elseifthe RSRP threshold ofenhanced coverage level 2 configured by upper layers in rsrp-
ThresholdsPrachinfoListand the measured RSRP is less thanthe RSRP threshold ofenhanced coverage

level2 and the UEis capable ofenhanced coverage level 2 then:
- the MACentity considers to be in enhanced coverage level 2;

- elseif themeasured RSRPis less thanthe RSRP threshold ofenhanced coveragelevel 1 as configured by
upperlayers in rsrp-ThresholdsPrachlnfo List then:

- the MACentity considers to be in enhanced coverage level 1;
- else:
- the MACentity considers to be in enhanced coverage level 0;
- setthe backoffparameter value to O ms;
- for the RN, suspend any RN subframe configuration;
- proceed to the selectionofthe Random A ccess Resource (seesubclause 5.1.2).
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NOTE: Thereis only one Random A ccess procedureongoingat any point in time in a MACentity. [fthe MAC

entity receives a request foranew Random A ccess procedure while another is already ongoing in the
MA Centity, it is up to UE implementation whether to continue with the ongoing procedure or start with

the new procedure.

51.2 Random Access Resource selection

The Random A ccess Resourceselection procedure shall be performed as follows:

If, except for NB-IoT, ra-Preamblelndex (Random A ccess Preamble) and ra-PRACH-MaskIndex (PRA CH Mask
Index) have beenexplicitly signalled and ra-Preamblelndex is not 000000:

- the RandomAccess Preamble and the PRA CH Mask Indexare thoseexplicitly signalled;

else, forNB-IoT, if ra-Preamblelndex (Random A ccess Preamble) has been explicitly signalled and is not
000000:

- the RandomAccess Preamble is that explicitly signalled.
else the Random A ccess Preamble shallbe selectedby the M ACentity as follows:

- IfMsg3has not yetbeentransmitted, the MAC entity shall, for NB-IoT UEs, BL UEs or UEs in enhanced
coverage:

- selectthe Random A ccess Preambles group and the PRA CH resource corresponding to theselected
enhanced coverage level and, in case of NB-IoT, additionally corresponding to the support for multi-tone
Msg3 transmission;

- IfMsg3has not yetbeentransmitted, the MAC entity shall, except for BL UEs or UEs in enhanced coverage
in case preamble group Bdoes not exists, or for NB-IoT UEs:

- if RandomAccess Preambles group Bexists and any ofthe following events occur:

- the potential message size (UL data available for transmission plus MA Cheader and, where required,
MACcontrolelements)is greater than messageSizeGroupA and thepathloss is less than Peyax,c (of
the Serving Cell performing the Random A ccess Procedure) — preamblelnitialReceivedTarget Power —

deltaPreambleMsg3 — messagePowerOffset GroupB;

- the RandomAccess procedure was initiated for the CCCH logical channel and the CCCH SDU size
plus MACheaderis greater than messageSizeGroupA;

- select the Random Access Preambles group B;
- else:
- selectthe Random A ccess Preambles group A.
- else,if Msg3is being retransmitted, the MAC entity shall:

- select the same group ofRandom A ccess Preambles as was used for the preamble transmis sion attempt
corresponding to the first transmissionof Ms g3.

- randomly select a Random A ccess Preamble within the selected group. Therandom function shallbe such
that each ofthe allowed selections canbe chosen with equal probability;

except forNB-IoT, set PRACH Mask Indexto 0.

determine the next available subframe containing PRA CH permitted by the restrictions given by theprach-
Configindex (except for NB-IoT), the PRACH Mask Index(except for NB-IoT, see subclause 7.3), physical
layertiming requirements [2] and in case of NB-loT selected enhanced coverage level and the support for multi-
tone Msg3 transmission (a MA Centity may take into account the possible occurrence of measurement gaps
when determining the next available PRA CH subframe);

if the transmission mode is TDD and the PRACH Mask Indexis equalto zero:

- if ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e., not selectedby MAC):
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- randomly select, with equal probability, one PRACH fromthe PRA CHs available in the determined
subframe.

- else:

- randomly select, with equal probability, one PRACH fromthe PRA CHs available in the determined
subframe and thenext two consecutive subframes.

- else:

- determine a PRA CH within the determined subframe in accordance with the requirements ofthe PRACH
MaskIndex.

- for NB-lIoT UEs, BL UEs or UEs in enhanced coverage, selectthe ra-ResponseWindowSizeand mac-
ContentionResolutionTimer corresponding to the selected enhanced coverage leveland PRACH.

- proceed to the transmission of the Random A ccess Preamble (see subclause 5.1.3).

513 Random Access Preamble transmission

The random-access procedure shall be performed as follows:

- setPREAMBLE RECEIVED TARGET POWER to preamblelnitialReceivedTargetPower+
DELTA PREAMBLE + (PREAMBLE TRANSMISSION COUNTER- 1) * powerRampingStep;

- ifthe UEis a BL UE or a UE in enhanced coverage:

- the PREAMBLE RECEIVED TARGET POWER is setto:
PREAMBLE RECEIVED TARGET POWER - 10 * log10(numRepetitionPerPreambleAttempt);

- if NB-IoT:

- for the lowestrepetitionlevel,the PREAMBLE RECEIVED TARGET POWER s set to:
PREAMBLE RECEIVED TARGET POWER - 10 * log10(rnumRepetitionPerPreambleAttempt)

- for otherrepetition levels, thePREAMBLE RECEIVED TARGET POWER is set corresponding to the
max power;

- if the UEis an NB-IoT UE, a BL UE ora UE in enhanced coverage:

- instruct the physical layer to transmit a preamble with the number ofrepetitions required for preamble
transmission corresponding to theselected preamble group (i.e., numRepetitionPerPreambleAttempt) using
the selected PRA CH correspondingto theselected enhanced coveragelevel, corresponding RA-RNTI,
preamble index or for NB-loT subcarrierindex, and PREAMBLE RECEIVED TARGET POWER.

- else:

- instruct the physical layerto transmit a preamble using the selected PRA CH, corres ponding RA-RNTI,
preamble indexand PREAMBLE RECEIVED TARGET POWER.

5.1.4 Random Access Response reception

Once the Random A ccess Preamble is transmitted and regardless ofthe possible occurrence ofa measurement gapora
Sidelink Discovery Gap for Transmissionora Sidelink Discovery Gap for Reception, the MAC entity shall monitor the
PDCCH ofthe SpCell for Random A ccess Response(s) identified by the RA-RNTI defined below, in the RA Response
window which starts at the subframe that contains the end ofthe preamble transmission [7] plus three subframes and
has length ra-Response WindowSize. Ifthe UE is a BL UE ora UE in enhanced coverage, RA Response window starts
at the subframe that contains theend ofthe last preamble repetition plus three subframes and has lengthra-
ResponseWindowSize for the corresponding coveragelevel. Ifthe UE is an NB-IoT UE, in case the number of
NPRACH repetitions is greaterthan orequalto 64, RA Response window starts at the subframe thatcontains the end of
the last preamble repetition plus 41 subframes and has length ra-ResponseWindowSize for the corresponding coverage
level, and in case the number of NPRA CH repetitions is less than 64, RA Response window starts at the subframe that
contains theend ofthe last preamble repetition plus 4 subframes and has length ra-ResponseWindowSize for the
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corresponding coverage level. The RA-RNTI associated with the PRA CH in which the Random A ccess Preamble is
transmitted, is computedas:
RA-RNTI=1+t_id+ 10*f id

wheret_id is the indexof the first subframe ofthe specified PRACH (0<t_id <10), and f _id is the indexofthe specified
PRACH within that subframe, in ascending order of frequency domain (0<f id<6) except for NB-IoT UEs, BL UEs or
UEs in enhanced coverage. Ifthe PRACHresourceis on a TDD carrier, the f idis setto fi,,wWhere fg, is defined in

Section 5.7.1 of [7].

ForBL UEs and UEs in enhanced coverage, RA-RNTI associated with the PRACH in which the Random Access
Preamble is transmitted, is computedas:

RA-RNTI=1+t_id + 10*f id + 60*(SFN_id mod (Wmax/10))

wheret idis the indexofthe first subframe ofthe specified PRACH (0<t_id <10), f id is the index ofthe specified
PRACH within that subframe, in ascending order of frequency domain (0<f id<6), SFN id is the indexof the first
radio frame of the specified PRA CH, and Wmaxis 400, maximum possible RAR window size in subframes for BL UEs
or UEs in enhanced coverage. Ifthe PRACHresource is on a TDD carrier, the f idis setto fy, ,where fg, is defined

in Section 5.7.1 of[7].

ForNB-IoT UEs, the RA-RNTIassociated with the PRACH in which the Random A ccess Preamble is transmitted, is
computedas:

RA-RNTI=1+ SFN id/4
where SFN_id is the indexof the first radio frame ofthe specified PRACH.

The M A Centity may stop monitoring for Random A ccess Response(s) after successful receptionofa Random A ccess
Response containing Random A ccess Preamble identifiers that matches the transmitted Random A ccess Preamble.

- Ifa downlinkassignment forthis TTI has been received on the PDCCH for the RA-RNTI and the received TBis
successfully decoded, the MAC entity shallregardless ofthe possible occurrence ofa measurementgapora
Sidelink Discovery Gap for Transmission ora Sidelink Discovery Gap for Reception:

- if the RandomAccess Responsecontains a BackoffIndicator subheader:

- setthebackoffparameter value as indicated by the Bl field of the BackoffIndicator subheader and Table
7.2-1, except for NB-IoT where the value fromTable 7.2-2 is used.

- else,setthe backoffparameter value to Oms.

- if the RandomA ccess Response contains a Random A ccess Preamble identifier corresponding to the
transmitted Random A ccess Preamble (see subclause 5.1.3), the MA Centity shall:

- considerthis Random A ccess Response reception successful and apply the following actions forthe
serving cell where the Random A ccess Preamble was transmitted:

- process the received Timing Advance Command (seesubclause 5.2);

- indicate the preamblelnitial ReceivedTargetPower and the amountof power ramping applied to the
latest preamble transmission to lower layers (i.e.,(PREAMBLE TRANSMISSION COUNTER-1)

* powerRampingStep);
- process the received UL grant value and indicate it to the lower layers;
- if ra-Preamblelndex was explicitly signalled and it was not 000000 (i.e., not selectedby MAC):
- considerthe Random A ccess procedure successfully completed.
- else,ifthe RandomAccess Preamble was selected by the MAC entity:

- setthe Temporary C-RNTTto the value received in the Random A ccess Response message no later
than at the time ofthe first transmission corresponding to the UL grant provided in the Random

Access Response message;
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- if this is the first successfully received Random Access Response within this Random A ccess
procedure:

- if the transmissionis not beingmade for the CCCH logical channel, indicate to the Multiplexing
and assembly entity to includea C-RNTI MA C control element in the subsequentuplink
transmission;

- obtain the MACPDU to transmit fromthe "Multiplexing and assembly" entity and store it in the
Msg3 buffer.

NOTE: When an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a
grant smaller than 56 bits in the Random A ccess Response.

NOTE: If within a RandomAccess procedure, an uplink grantprovided in the Random A ccess Response forthe
same group of Random A ccess Preambles has a differentsize than the first uplink grantallocated during
that Random A ccess procedure, the UEbehavioris not defined.

Ifno Random A ccess Response is received within the RA Response window, orif none ofallreceived Random A ccess
Responses contains a Random A ccess Preamble identifier corresponding to the transmitted Random A ccess Preamble,
the Random A ccess Responsereceptionis considered not successful and the MAC entity shall:

- if the notification of power ramping suspension has notbeenreceived fromlower layers:
- increment PREAMBLE TRANSMISSION COUNTERDy 1;
- if the UEis an NB-IoT UE, a BL UE ora UE in enhanced coverage:
- if PREAMBLE TRANSMISSION COUNTER= preambleTransMax-CE+1:
- if the RandomAccess Preamble is transmitted on the SpCell:
- indicate a RandomAccess problemto upper layers;
- if NB-IoT:
- considerthe Random A ccess procedure unsuccessfully completed;
- else:
- if PREAMBLE TRANSMISSION COUNTER=preambleTransMax+1:
- if the Random A ccess Preamble is transmitted on the SpCell:
- indicate a Random Access problemto upper layers;
- if the RandomAccess Preamble is transmitted on an SCell:
- considerthe Random A ccess procedure unsuccessfully completed.
- if in this Random A ccess procedure, the Random A ccess Preamble was selected by MAC:

- based onthe backoffparameter, select a randombackofftime according to a uniformdistribution between 0
and the BackoffParameter Value;

- delay the subsequent Random A ccess transmission by the backofftime;
- iftheUEis an NB-IoT UE, a BL UE ora UE in enhanced coverage:
- increment PREAMBLE TRANSMISSION COUNTER CEby 1;

- if PREAMBLE TRANSMISSION COUNTER CE= maxNumPreambleAttemptCE forthe corresponding
enhanced coverage level+ 1:

- reset PREAMBLE TRANSMISSION COUNTER CE;

- considerto be in the next enhanced coverage level, if it is supported by the Serving Celland the UE,
otherwise stay in the current enhanced coverage level,
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- select the Random A ccess Preambles group, 7a-ResponseWindowSize, mac-ContentionResolutionTimer,
and PRACH resourcecorrespondingto theselected enhanced coveragelevel;

- proceed to the selectionofa RandomAccess Resource (see subclause 5.1.2).

515 Contention Resolution

Contention Resolution is based on either C-RNTIon PDCCH of the SpCell or UE Contention Resolution Identity on
DL-SCH. If the UE is an NB-IoT UE, a BL UE ora UE in enhanced coverage, the MA Centity shalluse the mac-

ContentionResolutionTimer for the corresponding enhanced coveragelevelifit exists.
Once Msg3 is transmitted, the MA Centity shall:

- start mac-ContentionResolution Timer and restart mac-Contention ResolutionTimer at eachHARQ
retransmission;

- regardless ofthe possible occurrence ofa measurement gap or Sidelink Discovery Gap for Reception, monitor
the PDCCH until mac-ContentionResolutionTimer expires oris stopped;

- if notification ofareceptionofa PDCCH transmission is received fromlower layers, the MAC entity shall:

- if the C-RNTI MACcontrol element was included in Msg3:

- if the Random A ccess procedure was initiated by the MAC sublayer itself or by the RRC sublayerand the
PDCCH transmissionis addressed to the C-RNTIand contains an UL grant fora new transmission; or

- if the RandomAccess procedure was initiated by a PDCCH order and the PDCCH transmission is
addressedto the C-RNTI:

consider this Contention Resolution successful;

- stop mac-ContentionResolutionTimer,
- discard the Temporary C-RNTI;
- if the UEis an NB-IoT UE and is configured with a non-anchor carrier:

- the UL grant or DL assignment contained in the PDCCH transmission on the anchor carrier is
valid only forthe non-anchor carrier.

considerthis Random A ccess procedure successfully completed.

- elseifthe CCCH SDU was included in Msg3 andthe PDCCH transmissionis addressed to its Temporary C-
RNTL:

- if the MACPDU is successfully decoded:
- stop mac-ContentionResolutionTimer,

- if the MACPDU contains a UE Contention Resolution Identity MAC control element; and

- if the UE Contention Resolution Identity included in the MAC control element matches the 48 first
bits ofthe CCCH SDU transmitted in Msg3:

- considerthis Contention Resolution successful and finish the disassembly and demultiplexing of
the MACPDU;

- setthe C-RNTIto the value ofthe Temporary C-RNTI;

- discard the Temporary C-RNTT;

- considerthis Random A ccess procedure successfully completed.
- else

- discard the Temporary C-RNTT;
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- considerthis Contention Resolution not successful and discard the successfully decoded MAC
PDU.
- if mac-ContentionResolutionTimer expires:
- discard the Temporary C-RNTI;
- considerthe Contention Resolution not successful.
- if the Contention Resolutionis considered not successfulthe MAC entity shall:
- flush the HARQbufferused fortransmission ofthe MACPDU in the Ms g3 buffer;
- if thenotification of power ramping suspension has notbeenreceived fromlower layers:
- increment PREAMBLE TRANSMISSION COUNTERDy 1;
- ifthe UEis an NB-IoT UE, a BL UE ora UE in enhanced coverage:
- if PREAMBLE TRANSMISSION COUNTER = preambleTransMax-CE +1:
- indicate a RandomAccess problemto upper layers.
- if NB-IoT:
- considerthe Random A ccess procedure unsuccessfully completed;
- else:
- if PREAMBLE TRANSMISSION COUNTER= preambleTransMax+ 1:
- indicate a RandomAccess problemto upperlayers.

- based onthe backoffparameter, select a randombackofftime according to a uniformdistribution between 0
and the BackoffParameter Value;

- delay the subsequent Random A ccess transmission by the backoftftime;

- proceed to the selection ofa Random A ccess Resource (see subclause 5.1.2).

5.1.6 Completion of the Random Access procedure
At completion ofthe Random A ccess procedure, the MAC entity shall:
- discard explicitly signalled ra-Preamblelndex and ra-PRACH-MaskIndex, if any;
- flushthe HARQbufferused fortransmission ofthe MACPDU in the Ms g3 buffer.

In addition, the RN shall resume the suspended RN subframe configuration, ifany.

5.2 Maintenance of Uplink Time Alignment

The M A Centity has a configurable timer timeAlignment Timer per TAG. The timeAlignmentTimer is used to control
howlong the MA Centity considers the Serving Cells belongingto the associated TAGto be uplink time aligned [8].

The MACentity shall:
- when a Timing Advance Command MAC control element is received:
- apply the Timing Advance Command forthe indicated TAG;
- start orrestart the timeAlignment Timer associated with the indicated TAG.

- when aTiming Advance Command is received in a Random A ccess Response message fora serving cell
belongingtoaTAG:

3GPP
C:\Users\Rhughes\Desktop\36321-d20.doc

IPR2024-00986
Petitioners’ Exhibit 1012
Page 000025



Release 13 26 3GPP TS 36.321 V13.2.0 (2016-06)

- if the RandomAccess Preamble was notselected bythe MACentity:
- apply the Timing Advance Command forthis TAG;
- start orrestart the timeAlignment Timer associated with this TAG.
- else,if the timeAlignment Timer associated with this TAGis not running:
- apply the Timing Advance Command forthis TAG;
- start the timeAlignment Timer associated with this TAG;

- when the contentionresolution is considered notsuccessful as described in subclause 5.1.5, stop
timeAlignment Timer associated with this TAG.

- else:
- ignorethe received Timing Advance Command.
- when atimeAlignment Timer expires:
- if the timeAlignmentTimer is associated with the pTAG:
- flush all HARQ buffers forall serving cells;
- notify RRC to release PUCCH forall serving cells;
- notify RRC to release SRS for all serving cells;

- clearany configured downlink assignments and uplink grants;

considerallrunning timeAlignmentTimers as expired;

- elseif'the timeAlignment Timer is associated with an s TAG, then forall Serving Cells belonging tothis TAG:
- flush all HARQ buffers;
- notify RRC to release SRS;
- notify RRC to release PUCCH, if configured.

When the MA Centity stops uplink transmissions foran SCell due to the fact thatthe maximum uplink transmission
timing difference (as described in subclause 7.9.20of TS 36.133 [9]) orthe maximum uplink transmission timing
difference the UE can handle between TAGs ofany MACentity ofthe UEis exceeded, the MA Centity considers the
timeAlignment Timer associated with the SCell as expired.

The MA Centity shallnot performany uplink transmission ona Serving Cell except the Random A ccess Preamble
transmission when the timeA/lignment Timer associated with the TA Gto which this Serving Cellbelongs is notrunning.
Furthermore, when the timeAlignmentTimer associated with thep TAGis not running, the MAC entity shallnot perform
any uplink transmission on any Serving Cell except the Random A ccess Preamble transmission on the SpCell.

The MACentity shallnot performany sidelink transmis sion which is performed based on UL timing of the
corresponding serving celland any associated SCI transmis sions when the corresponding timeAlignmentTimer is not
running.

NOTE: A MACentity stores or maintains Nra uponexpiry of associated timeAlignmentTimer, where Nra is
defined in [7]. The MA Centity applies areceived Timing Advance Command MA Ccontrol element and
starts associated timeAlignment Timer alsowhenthe timeAlignment Timer is notrunning.

5.3 DL-SCH data transfer

5.3.1 DL Assignment reception

Downlink assignments transmitted onthe PDCCH indicate ifthere is a transmission ona DL-SCH for a particular MAC
entity and provide therelevant HARQ information.
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When the M A Centity has a C-RNTI, Semi-Persistent Scheduling C-RNTIL, or Temporary C-RNTI, the MA Centity
shall foreach TTI during which it monitors PDCCH and foreach Serving Cell:

if adownlink assignment for this TTIand this Serving Cellhas beenreceived on the PDCCH forthe MAC
entity’s C-RNTL, or Temporary C-RNTIL:

- if this is the first downlink assignment for this Temporary C-RNTI:
- considerthe NDIto have beentoggled.

- if the downlink assignment is forthe MA Centity’s C-RNTI and ifthe previous downlink as signment
indicated to the HARQ entity ofthe same HARQ process was eithera downlink assignment received for the
MA Centity’s Semi-Persistent Scheduling C-RNTI or a configured downlink assignment:

- considerthe NDIto have beentoggled regardless ofthe value ofthe NDIL

- indicate the presence ofa downlink assignment and deliver theassociated HARQ informationto the HARQ
entity forthis TTIL.

else, if this Serving Cell is the SpCell and a downlink assignment for this TTThas beenreceived forthe SpCell
on the PDCCH ofthe SpCell for the MA Centity’s Semi-Persistent Scheduling C-RNTT:

- if the NDIin the received HARQ information is 1:
- considerthe NDInot to have been toggled;

- indicate the presence ofa downlink assignment and deliver theassociated HARQ informationto the
HARQ entity forthis TTL

- else,ifthe NDI in the received HARQ information is 0:
- if PDCCH contents indicate SPSrelease:
- clearthe configured downlink assignment (ifany);
- if the timeAlignmentTimer associated with thepTAGis running:
- indicate a positive acknowledgement for the downlink SPS release to the physical layer.
- else:

- store the downlink assignment and the associated HARQ information as configured downlink
assignment;

- initialise (if not active) orre-initialise (if already active) the configured downlink assignmentto start
in this TTIand to recuraccording to rules in subclause 5.10.1;

- setthe HARQ Process ID to the HARQ Process ID associated with this TT1I;
- considerthe NDIbit to have been toggled;

- indicate the presence ofa configured downlink assignmentand deliver the stored HARQ information
to the HARQ entity forthis TTIL.

else, if this Serving Cell is the SpCell and a downlink assignment for this TTThas been configured forthe SpCell
and there is no measurement gap in this TTIand there is no Sidelink Discovery Gap for Receptionin this TTI;

and

if this TTIis not an MBSFN subframe ofthe SpCell orthe MA Centity is configured with transmission mode
tm9 ortmi 0 on the SpCell:

- instruct the physical layerto receive, in this TTI, transportblock on the DL-SCH according to the configured
downlink assignment andto deliver it to the HARQ entity;

- setthe HARQProcess ID to the HARQ Process ID associated with this TTI;

- considerthe NDIbit to have been toggled;

3GPP
C:\Users\Rhughes\Desktop\36321-d20.doc

IPR2024-00986
Petitioners’ Exhibit 1012
Page 000027



Release 13 28 3GPP TS 36.321 V13.2.0 (2016-06)

- indicate the presence ofa configured downlink assignmentand deliver the stored HARQ information to the
HARQ entity forthis TTL

Forconfigured downlink assignments, the HARQ Process ID associated with this TTTis derived fromthe following
equation:

HARQ Process ID=[floor(CURRENT _TTl/semiPersistSchedlnterval DL)] modulo numberOfConfSPS-Processes,
where CURRENT _TTI=[(SEN * 10) + subframe number].

ForBL UEs or UEs in enhanced coverage, CURRENT TTIrefers to the TTIwhere first transmission of repetition
bundle takes place.

When the MA Centity needs to read BCCH, the MA Centity may, based onthe scheduling information fromRRC:
- if the UEis a BL UE or a UE in enhanced coverage:

- theredundancy version ofthe received downlink assignment for this TTIis determinedby RVx=
ceiling(3/2*k)modulo 4, where k£ depends on thetype of systeminformation message.

- for SysteminformationBlockType 1-BR

- if numberofrepetitions for PDSCH carrying SystemlinformationBlockTypel-BRis 4,k =
floor(SFN/2) modulo 4, where SFN is the system frame number.

- elseif numberofrepetitions for PDSCH carrying SysteminformationBlockTypel-BR is 8,k = SFN
modulo 4, where SFN is the system frame number.

- elseif numberofrepetitions for PDSCH carrying SystemInformationBlockTypel-BR is 16,k =
(SFN*10+1) modulo 4, where SFN is the system frame number, and i denotes the subframe within the
SFN.

NOTE: thesetofsubframes for SystemInformationBlockTypel -BRwhennumber ofrepetitions for PDSCH is 16
are given by Table 6.4.1-2 in [7].

- for SystemInformation messages, k=i modulo 4,i=0,1,..., n,"~1, where i denotes the subframe number
within the SI window n,";

- indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the
HARQ entity forthis TTL

- elseifa downlink assignment forthis TTT has been received on the PDCCH for the SI-RNTI, except for NB-
IoT;

- if theredundancy version is not defined in the PDCCH format:

- theredundancy version ofthe received downlink assignment for this TT1is determined by RVix=
ceiling(3/2*k) modulo 4, where k depends on the type of systeminformation message: for
SystemInformationBlockTypel message, k =(SFN/2) modulo 4, where SFN is the system frame number;
for SystemInformation messages, k=i modulo 4,i=0,1,..., n;"—1, where i denotes the subframe number
within the SI window n,";

- indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the
HARQ entity forthis TTL

When the MA Centity has SC-RNTIand/or G-RNTI, the MA Centity shall foreach TTI during which it monitors
PDCCH for SC-RNTI as specified in [8] and for G-RNTI as specified in subclause5.7a and foreach Serving Cell:

- if adownlinkassignmentforthis TTI and this Serving Cellhas beenreceived on the PDCCH forthe MAC
entity’s SC-RNTIor G-RNTI:

- attempt to decode thereceived data.
- if the data which the MAC entity attempted to decode was successfully decoded forthis TB:

- deliverthe decoded MACPDU to the disassembly and demultiplexing entity.
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5.3.2 HARQ operation

5.3.2.1 HARQ Entity

There is one HARQ entity at the MAC entity for each Serving Cell which maintains a number of parallel HARQ
processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ

information and associated TBs received on the DL-SCH to the corresponding HARQ processes (seesubclause 5.3.2.2).
The number of DL HARQ processes per HARQ entity is specified in [2], clause 7.

When thephysicallayeris configured for downlink spatial multiplexing [2], one ortwo TBs are expected per TTIand
they are associated with thesame HARQ process. Otherwise, one TBis expected per TTL

ForNB-IoT UEs or BL UEs or UEs in enhanced coverage, theparameter DL REPETITION NUMBER provides the
number of transmissions repeated in a bundle. Foreach bundle, DL REPETITION NUMBER s setto a value
provided by lower layers. Within a bundle, after the initial (re)transmission, DL REPETITION NUMBER-1 HARQ
retransmissions follow. The HARQ feedback is transmitted for the bundle and a downlink assignment corresponding to
a new transmission or a retransmis sion ofthe bundle is received after the last repetition ofthe bundle. A retransmission

of abundleis also a bundle.
In addition tothe broadcast HARQ process, NB-IoT has one DLHARQ process.
The MA Centity shall:

- Ifadownlinkassignment has beenindicated for this TTI:

- allocate the TB(s) received fromthe physical layer and the associated HARQ information tothe HARQ
process indicated by the associated HARQ information.

- Ifadownlinkassignment has beenindicated for the broadcast HARQ process:
- allocate the received TBto the broadcast HARQ process.
NOTE: In case of BCCH and BR-BCCH a dedicated broadcast HARQ process is used.

5.3.2.2 HARQ process

Foreach TTIwhere a transmission takes place forthe HARQ process, one ortwo (in case of downlink spatial
multiplexing) TBs and the associated HARQ information are received fromthe HARQ entity.

Foreach received TBand associated HARQ information, the HARQ process shall:

- if the NDI, when provided, has beentoggled compared to the value ofthe previous received transmission
corresponding tothis TB; or

- if the HARQprocess is equal to the broadcastprocess and if this is the first received transmission forthe TB
accordingto the systeminformation schedule indicated by RRC; or

- if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):
- considerthis transmissionto be a new transmission.

- else:
- considerthis transmissionto be a retransmis sion.

The MACentity thenshall:

- if this is anew trans mis sion:
- attempt to decode thereceived data.

- elseifthis is a retransmission:

- if the data forthis TBhas not yetbeensuccessfully decoded:
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- combine the received data with the data currently in the soft buffer for this TB and attemptto decode the
combined data.

- if the data which the MAC entity attempted to decode was successfully decoded forthis TB; or
- if the data forthis TB was successfully decoded before:
- if the HARQprocessis equalto the broadcast process:
- deliverthe decoded MACPDU to upperlayers.
- elseifthis is the first successful decoding ofthe data for this TB:
- deliverthe decoded MACPDU to the disassembly and demultiplexing entity.
- generateapositive acknowledgement (A CK) ofthe data in this TB.
- else:
- replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode.
- generateanegative acknowledgement (NACK) ofthe datain this TB.

- if the HARQ processis associated with a transmission indicated with a Temporary C-RNTTand the Contention
Resolutionis not yetsuccessful (see subclause 5.1.5); or

- if the HARQprocessis equal to the broadcastprocess; or

- if the timeAlignmentTimer, associated with the TAGcontainingthe serving cellon which the HARQ feedback is
to be transmitted, is stopped or expired:

- donotindicatethe generated positive or negative acknowledgementto the physical layer.
- else:

- indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The MACentity shallignore NDIreceived in all downlink assignments on PDCCH for its Temporary C-RNTIwhen
determining if NDI on PDCCH for its C-RNTI has been toggled compared to the valuein the previous transmission.

NOTE: Whenthe MA Centity is configured with more than oneservingcell, UE behaviors forstoring datato the
soft bufferis specified in [2].

NOTE: Ifthe MACentity receives a retransmission with a TB size different from the last valid TB size signalled
for this TB, the UE behavioris left up to UE implementation.

5.3.3  Disassembly and demultiplexing

The MACentity shalldisassemble and demultiplexa MACPDU as defined in subclause 6.1.2.

54 UL-SCH data transfer

5.4.1 UL Grant reception

In orderto transmit on the UL-SCH the MA Centity musthave a valid uplink grant (except fornon-adaptive HARQ
retransmis sions) which it may receive dynamically on the PDCCH orin a Random A ccess Response or which may be
configured semi-persistently. To performrequested transmis sions, the MAC layerreceives HARQ information from
lower layers. When the physical layeris configured foruplink spatialmultiplexing, the MA Clayer can receive up to
two grants (one per HARQ process) forthe same TTI fromlower layers.

Ifthe MA Centity hasa C-RNTIL, a Semi-Persistent Scheduling C-RNTI, ora Temporary C-RNTI, the MA Centity shall
for each TTIand foreach Serving Cellbelongingto a TAGthat has a running timeAlignment Timer and for each grant
received forthis TTI:
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- if anuplink grant for this TTIand this Serving Cell has been received on the PDCCH for the MA Centity’s C-
RNTI or Temporary C-RNTT; or

- if an uplink grant for this TTThas been receivedin a Random A ccessResponse:

- if theuplink grant is for MA Centity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity
for the same HARQ process was either an uplink grant received forthe MA Centity’s Semi-Persis tent
Scheduling C-RNTTor a configured uplink grant:

- considerthe NDIto have beentoggled forthe corresponding HARQ process regardless ofthe value of the
NDL

- deliverthe uplink grant and the associated HARQ information to the HARQ entity for this TTL.

- else,ifthis Serving Cell is the SpCell and if an uplink grant forthis TTI has beenreceived forthe SpCellon the
PDCCH ofthe SpCell for the MA Centity’s Semi-Persistent Scheduling C-RNTI:

- if the NDIin the received HARQ information is 1:
- considerthe NDI for the corresponding HARQ process notto have beentoggled;
- deliverthe uplink grant and the associated HARQ information to the HARQ entity for this TTI.
- elseifthe NDI in the received HARQ informationis 0:
- if PDCCH contents indicate SPSrelease:
- clearthe configureduplink grant (ifany).

- else:

store the uplink grant and the associated HARQ information as configured uplink grant;

- initialise (if not active) or re-initialise (if already active) the configured uplink grantto start in this TTI
and to recuraccordingto rules in subclause 5.10.2;

- if UL HARQ operationis asynchronous, set the HARQ Process ID to the HARQ Process ID
associated with this TTI;

- considerthe NDIbit forthe corresponding HARQ process to have been toggled;

- deliverthe configureduplink grantand the associated HARQ information to the HARQ entity for this
TTL

- else,if this Serving Cell is the SpCell and an uplink grant for this TTThas been configured for the SpCell:

- if UL HARQ operationis asynchronous, set the HARQ Process ID to the HARQ Process ID associated with
this TTI,

- considerthe NDIbit for the corresponding HARQ process to have been toggled;
- deliverthe configured uplink grant, and the associated HARQ information to the HARQ entity forthis TTL
NOTE: Theperiod of configureduplink grants is expressedin TTIs.

NOTE: Ifthe MACentity receives botha grant in a Random A ccess Response and a grantforits C-RNTI or
Semi persistent scheduling C-RNTI requiring transmis sions on the SpCell in the same UL subframe, the
MA Centity may choose to continue with eitherthe grant forits RA-RNTI orthe grant forits C-RNTI or
Semi persistent scheduling C-RNTI.

NOTE: When aconfigured uplink grant is indicated during a measurementgap and indicates an UL-SCH
transmission during a measurement gap, the MAC entity processes the grant but does not transmit on UL~
SCH. When a configureduplink grantis indicated during a Sidelink Discovery gap forreceptionand
indicates an UL-SCH transmission during a Sidelink Discovery gap for transmission with a SL-DCH
transmission, the MAC entity processes the grantbutdoes not transmit on UL-SCH.
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For configured uplink grants, the HARQ Process ID associated with this TT1is derived fromthe following equation for
asynchronous ULHARQ operation:

HARQ Process ID=[floor(CURRENT TTV/semiPersistSchedinterval UL)] modulo numberOfConfUISPS-Processes,

where CURRENT TTI=[(SFN * 10) + subframe number] and it refers to the subframe where the first transmission ofa
bundle takes place.

5.4.2 HARQ operation

54.2.1 HARQ entity

There is one HARQ entity at the MACentity foreach Serving Cell with configured uplink, which maintains a number
of parallelHARQ processes allowing transmissions to take place continuously while waiting forthe HARQ feedback

on the successful orunsuccessful reception of previous transmissions.

The number of parallel HARQ processes per HARQ entity is specified in [2], clause 8. NB-IoT has one ULHARQ
process.

When thephysical layeris configured foruplink spatial multiplexing [2], there are two HARQ processes associated
with a given TTI. Otherwise there is one HARQ process associated with a given TTL

Atagiven TTL if an uplink grant is indicated forthe TTL the HARQ entity identifies the HARQ process(es) for which
a transmission should take place. It also routes the received HARQ feedback (A CK/NACK information), MCS and
resource, relayed by the physical layer, to the appropriate HARQ process(es).

In asynchronous HARQ operation,a HARQ process is associated with a TTIbased on thereceived UL grant except for
UL grantin RAR. Except for NB-IoT, each asynchronous HARQ process is associated with a HARQ process identifier.
For UL transmission with UL grant in RAR, HARQ process identifier 0 is used. HARQ feedback is not applicable for
asynchronous ULHARQ.

When TTIbundlingis configured, theparameter TTI BUNDLE SIZEprovides the number of TTIs ofa TTIbundle.
TTI bundling operationrelies on the HARQ entity forinvoking the same HARQ process for each transmission thatis
part ofthe same bundle. Withina bundle HARQ retransmissions are non-adaptiveand triggered without waiting for
feedback fromprevious transmissions accordingto TTI BUNDLE SIZE. The HARQ feedback ofa bundle is only
received forthe last TTIofthe bundle (i.e the TTI corresponding to TTI BUNDLE SIZE), regardless of whethera
transmissionin that TTItakes place ornot (e.g. when a measurement gap occurs). A retransmissionofa TTI bundle is
also a TTIbundle. TTIbundling is notsupported whenthe M A Centity is configured with one or more SCells with
configureduplink.

Uplink HARQ operation is asynchronous for NB-IoT UEs, BL UEs or UEs in enhanced coverage exceptforthe
repetitions within a bundle.

ForNB-IoT UEs, BL UEs or UEs in enhanced coverage, the parameter UL__REPETITION NUMBER provides the
number oftrans mission repetitions within a bundle. Foreach bundle, UL_REPETITION NUMBER s set to a value
provided by lower layers. Bundling operation relies on the HARQ entity for invoking the same HARQ process foreach
transmissionthatis part ofthe same bundle. Within a bundle HARQ retransmis sions are non-adaptive and are triggered
without waiting for feedback fromprevious transmissions accordingto UL REPETITION NUMBER. An uplink grant
corresponding toa new transmission or a retrans mission ofthe bundle is only received after thelast repetition ofthe
bundle. A retransmissionofa bundleis also a bundle.

TTI bundlingis not supported for RN communication with the EEUTRAN in combination with an RN subframe
configuration.

Fortransmission of Msg3 during Random A ccess (see subclause 5.1.5) TTI bundling does notapply. ForNB-IoT UEs,
BL UEs or UEs in enhanced coverage, uplink repetition bundling is used for transmission of Msg3.

Foreach TTI, the HARQ entity shall:
- identify the HARQ process(es) associated with this TTI, and for each identified HARQ process:

- if anuplink grant has beenindicated for this process and this TTI:
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- if thereceived grantwas not addressedto a Temporary C-RNTIon PDCCH and if the NDI provided in
the associated HARQ information has been toggled compared to the value in the previous transmission of
this HARQ process; or

- if theuplink grant was received on PDCCH forthe C-RNTI and the HARQ buffer ofthe identified
process is empty; or

- if theuplink grant was received in a Random A ccess Response:

- if thereis aMACPDU in the Msg3 bufferandthe uplink grant was received in a Random A ccess
Response:

- obtain the MACPDU to transmit fromthe Msg3 buffer.
- else:

- obtain the MACPDU to transmit fromthe "Multiplexing and assembly" entity;

- deliverthe MACPDU and the uplink grantand the HARQ information to the identified HARQ
process;

- instruct the identified HARQ process to trigger a new transmission.
- else:

- deliverthe uplink grant and the HARQ information (redundancy version) to theidentified HARQ
process;

- instruct the identified HARQ process to generatean adaptive retransmis sion.
- else,if the HARQbuffer of this HARQ process is notempty:
- instruct the identified HARQ process to generatea non-adaptive retransmission.

When determining if NDI has beentoggled comparedto the value in the previous transmissionthe MAC entity shall
ignore NDI received in all uplink grants on PDCCH forits Temporary C-RNTL

5422 HARQ process

Each HARQ process is associated with a HARQ buffer.

Forsynchronous HARQ, each HARQ process shallmaintain a state variable CURRENT TX NB, which indicates the
number of trans missions that have taken place forthe MACPDU currently in the buffer, and a state variable

HARQ FEEDBACK, which indicates the HARQ feedback forthe MA CPDU currently in the buffer. Whenthe HARQ
process is established, CURRENT TX NBshallbe initialized to 0.

The sequenceofredundancy versionsis 0,2, 3, 1. The variable CURRENT IRV is an index into the sequence of
redundancy versions. This variable is up-dated modulo 4. For BL UEs or UEs in enhanced coverage see subclause 8.6.1
in [2] forthe sequence ofredundancy versions and redundancy version determination. For NB-lIoT UEs see subclause
16.5.1.2 in [2] for the sequence ofredundancy versions and redundancy version determination.

ForNB-IoT UEs, BL UEs or UEs in enhanced coverage for UL_REPETITION _NUMBER for Mode B operation, the
same redundancy versionis used multiple times before cycling to the next redundancy version as specified in Subclause
16.5.1.2, 8.6.1 and 7.1.7.1 in [2].

New transmissions are performed on theresource and with the MCS indicated on PDCCH or Random A ccess
Response. Adaptive retransmissions are performed onthe resource and, if provided, with the MCS indicated on
PDCCH. Non-adaptive retransmissionis performed onthe same resource and with the same MCS as was used for the
last made trans mission attempt.

Forsynchronous HARQ, the MACentity is configured with a maximum number of HARQ transmissions and a
maximum numberofMsg3 HARQ transmissions by RRC: maxHARQ-Tx and maxHARQ-Msg3Tx respectively. For
transmissions on allHARQ processes and all logical channels except for transmission ofa MACPDU stored in the
Ms g3 buffer, the maximum number of transmissions shall be set to maxHARQ-Tx. For transmissionofa MACPDU
stored in the Msg3 buffer, the maximum number oftransmis sions shall be set to maxHARQ-Msg3Tx.
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When the HARQ feedback is received for this TB, the HARQ process shall:

set HARQ FEEDBACK to thereceivedvalue.

If the HARQ entity requests a new transmission, the HARQ process shall:

if UL HARQ operationis synchronous:

- set CURRENT TX NBto 0;

- setHARQ FEEDBACKto NACK;

- set CURRENT IRV to 0;

store the MACPDU in the associated HARQ buffer;
store the uplink grant received fromthe HARQ entity;

generatea transmissionas described below.

If the HARQ entity requests a retransmis sion, the HARQ process shall:

if UL HARQ operationis synchronous:
- increment CURRENT TX NBby I;
if the HARQ entity requests an adaptive retransmission:

- storethe uplink grant received fromthe HARQ entity;

3GPP TS 36.321 V13.2.0 (2016-06)

- set CURRENT IRV to the indexcorrespondingto theredundancy version value providedin the HARQ

information;
- if UL HARQoperationis synchronous:
- setHARQ FEEDBACKto NACK;
- generateatransmissionas described below.

else if the HARQ entity requests a non-adaptive retransmis sion:

- if UL HARQoperationis asynchronous or HARQ FEEDBACK=NACK:

- generateatransmissionas described below.

NOTE: Whenreceivinga HARQ ACK alone, the MAC entity keeps thedata in the HARQ buffer.

NOTE: When no UL-SCH transmission can be made due to the occurrence ofa measurementgap ora Sidelink
Discovery Gap for Transmission, no HARQ feedback can be received and a non-adaptive retransmis sion
follows.

NOTE: Forasynchronous HARQ operation, UL retransmissions are triggered only by adaptive retransmission

grants, except for retransmis sions within a bundle.

To generatea transmission, the HARQ process shall:

if the MACPDU was obtained fromthe Msg3 buffer; or
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- if Sidelink Discovery Gaps for Transmission are not configured by upper layers, and thereis no measurement
gap at the time of the transmission and, in case of retransmission, the retransmis sion does notcollide with a
transmission fora MACPDU obtained fromthe Msg3 bufferin this TTI; or

- if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at
the time ofthe transmission and, in case ofretransmission, the retransmission does not collide with a
transmission fora MACPDU obtained fromthe Msg3 buffer, and there is no Sidelink Discovery Gap for
Transmissionin this TTI; or

- if Sidelink Discovery Gaps for Transmission are configured by upperlayers, and there is no measurement gap at
the time ofthe transmission and, in case ofretransmission, the retransmission does not collide with a
transmission fora MACPDU obtained fromthe Msg3 buffer, and there is a Sidelink Discovery Gap for

Transmission, and there is no configured grant for transmissionon SL-DCH in this TTI:

- instruct the physical layerto generatea transmissionaccording to the stored uplink grant with the redundancy
version corresponding tothe CURRENT IRV value;

- increment CURRENT IRV by 1;

- if UL HARQoperationis synchronous and thereis a measurementgap or Sidelink Discovery Gap for
Reception at thetime ofthe HARQ feedback reception for this transmission and ifthe MACPDU was not

obtained fromthe Msg3 buffer:
- setHARQ FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.

Afterperforming above actions, if UL HARQ operationis synchronous the HARQ process then shall:
- if CURRENT TX NB =maximum numberoftransmissions— 1:

- flush the HARQ buffer;

5.4.3  Multiplexing and assembly

5.4.3.1 Logical channel prioritization
The Logical Channel Prioritization procedure is applied when a new transmissionis performed.

RRC controls the scheduling ofuplink data by signalling for each logical channel: prioritywhere an increasing priority
value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSize Duration
which sets the Bucket Size Duration (BSD). For NB-loT, prioritisedBitRate, bucketSizeDuration and the corresponding
steps ofthe Logical Channel Prioritisation procedure (i.e., Step 1 and Step 2below) are not applicable.

The MA Centity shall maintain a variable Bj for each logical channelj. Bj shallbe initialized to zero when the related
logical channelis established, and incremented by the product PBR x TTI duration foreach TTI, where PBR s
Prioritized Bit Rate of logical channelj. However, the valueof Bj can neverexceed thebucket size and ifthe value of
Bj is larger than the bucketsize oflogical channelj, it shallbe set to the bucket size. The bucketsize ofalogical
channelis equalto PBR x BSD, where PBR and BSD are configured by upper layers.

The MACentity shall performthe following Logical Channel Prioritization procedure when a new transmission is
performed:

- The MACentity shallallocate resources to the logical channels in the following steps:

- Step 1: All the logicalchannels with Bj> 0 are allocated resources in a decreasing priority order. Ifthe PBR
ofalogical channelis set to “infinity”, the MAC entity shall allocate resources forall the data that is
available for transmission on thelogical channel before meeting the PBR of the lower priority logical
channel(s);

- Step 2: the MA Centity shalldecrement Bjby the total size of MACSDUs servedto logical channel jin Step
L;
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NOTE: Thevalue ofBj can be negative.

- Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order
(regardless ofthe value of Bj) until either the data for thatlogical channel or the UL grant is exhausted,
whichever comes first. Logical channels configured with equal priority should be served equally.

- The UE shallalso follow the rules below during the scheduling procedures above:

- the UE should not segment an RLC SDU (or partially trans mitted SDU or retransmitted RLC PDU) if the
whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources of the
associated MA Centity;

- if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill
the grant ofthe associated MAC entity as much as possible;

- the UE should maximise the transmissionofdata.

- if the MACentityis given an UL grant size that is equal to or larger than 4 bytes while having dataavailable
for transmission, the MAC entity shallnot transmit only padding BSR and/or padding (unless the UL grant
size is less than 7bytes and an AMD PDU segment needs to be transmitted).

The MA Centity shallnot transmit data fora logical channel corresponding to a radio bearer thatis suspended (the
conditions forwhen a radio beareris considered suspended are defined in [8]).

Forthe Logical Channel Prioritization procedure, the MAC entity shall take into accountthe followingrelative priority
in decreasingorder:

- MACcontrolelement for C-RNTI or data from UL-CCCH;

- MACcontrolelement for BSR, with exception of BSR included for padding;

- MACcontrolelement for PHR, Extended PHR, or Dual Connectivity PHR;

- MACcontrol element for Sidelink BSR, with exception of Sidelink BSR included for padding;
- datafromany Logical Channel, except data from UL-CCCH;

- MACcontrolelement for BSR included forpadding;

- MACcontrolelement for Sidelink BSR included forpadding.

NOTE: WhentheMACentity is requested to transmit multiple MACPDUs in one TTI, steps 1to 3 and the
associatedrules may be applied either to each grant independently orto thesumofthe capacities ofthe
grants. Also the order in which the grants are processed is left up to UEimplementation. It is up to the UE
implementation to decide in which MACPDU a MA Ccontrolelement is included when MAC entity is
requested to transmit multiple MACPDUs in one TTI. When the UEis requested to generate MAC
PDU(s) in two MA Centities in one TTIL it is up to UE implementation in which orderthe grants are
processed.

54.3.2 Multiplexing of MAC Control Elements and MAC SDUs

The MA Centity shallmultiplex MAC control elements and MAC SDUs in a MACPDU according to subclauses
54.3.1 and 6.1.2.

544  Scheduling Request

The Scheduling Request (SR) is used forrequesting UL-SCH resources fornew transmis sion.

When an SRiis triggered, it shall be considered as pendinguntilitis cancelled. Allpending SR(s) shallbe cancelled and
sr-ProhibitTimer shallbe stopped whena MACPDU is assembled and this PDU includes a BSR which contains buffer
status upto (andincluding) thelast event that triggered a BSR (see subclause 5.4.5), or, if all pending SR(s) are
triggered by Sidelink BSR, when aMACPDU is assembled and this PDU includes a Sidelink BSR which contains
bufferstatusup to (andincluding) the lastevent that triggered a Sidelink BSR (see subclause 5.14.1.4), or, if all pending
SR(s) are triggered by Sidelink BSR, when upper layers configure autonomous resource selection, or when the UL
grant(s) canaccommodate all pending data available for transmission.
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Ifan SR is triggered and there is no other SR pending, the MACentity shallset the SR COUNTER to 0.

As long as one SRis pending, the MACentity shall foreach TTI:

if no UL-SCH resources are available fora transmissionin this TTI:

- if the MACentity hasno valid PUCCH resource for SR configured in any TTI: initiate a Random A ccess
procedure (seesubclause 5.1) on the SpCelland cancelallpending SRs;

- elseifthe MACentity has at least one valid PUCCH resource for SR configured for this TTIandifthis TTI
is not part ofa measurement gap or Sidelink Discovery Gap for Transmissionand if sr-Prohibit Timer is not
running;:

- if SR_COUNTER < dsr-TransMax:
- increment SR COUNTER by [;
- instruct the physical layerto signal the SR on one valid PUCCH resource for SR;
- startthe sr-ProhibitTimer.

- else:

notify RRC to release PUCCH forall serving cells;

notify RRC to release SRS for all serving cells;

clear any configured downlink assignments and uplink grants;

initiate a Random A ccess procedure (see subclause 5.1) on the SpCelland cancelall pending SRs.

NOTE: Theselectionofwhich valid PUCCH resource for SR to signal SR on when the MAC entity has more

than one valid PUCCH resource for SRin one TT1is left to UE implementation.

NOTE: SR _COUNTER is incremented foreach SR bundle. sr-ProhibitTimer is started in the first TTTofan SR

bundle.

5.4.5  Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information aboutthe amountofdata
available for transmission in the UL buffers associated with the MAC entity. RRC controls BSRreporting by
configuring the three timers periodic BSR-Timer, retxBSR-Timer and logical ChannelSR-Prohibit Timer and by, foreach
logical channel, optionally signalling logicalChannel Group which allocates thelogical channelto an LCG[8].

Forthe Buffer Status reporting procedure, the MAC entity shall considerallradio bearers which are not suspended and
may considerradio bearers which are suspended.

ForNB-IoT the Long BSR is not supported andall logical channels belong to one LCG.

A Buffer Status Report (BSR) shallbe triggered ifany ofthe following events occur:

UL data, foralogical channel which belongs to a LCG, becomes available for transmission in the RLC entity or
in the PDCP entity (the definition of whatdatashallbe considered as available for transmissionis specified in

[3] and [4] respectively) and either thedatabelongs to a logical channel with higher priority than the priorities of
the logical channels which belongto any LCG and for which data is already available for transmission, or there
is no data available fortransmission forany ofthe logical channels which belongto a LCG, in which case the
BSR is referred below to as "Regular BSR";

UL resources are allocated and number of padding bits is equal to or larger than the size ofthe Buffer Status
Report MACcontrolelement plus its subheader, in which case the BSR is referred below to as "Padding BSR";

retxBSR-Timer expires and the MAC entity has data available for transmission for any ofthe logical channels
which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".
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ForRegular BSR:

- if the BSR is triggered due to data becoming available for transmission for a logical channel for which
logical ChannelSR-Prohibit Timer is configured by upperlayers:

- start orrestart the logical ChannelSR-Prohibit Timer,
- else:
- if running, stop thelogical ChannelSR-ProhibitTimer.
ForRegularand Periodic BSR:

- if more than one LCG has dataavailable for transmission in the TTI where the BSR is transmitted: report Long
BSR;

- elsereport Short BSR.
ForPadding BSR:

- if thenumberofpaddingbits is equalto orlarger than the size ofthe Short BSR plus its subheader butsmaller
than the size ofthe Long BSR plus its subheader:

- if more than one LCG has dataavailable for transmission in the TTIwhere the BSR is transmitted: report
Truncated BSR ofthe LCG with the highest priority logical channel with data available for transmission;

- elsereport Short BSR.

- elseifthe numberofpaddingbitsis equal to orlargerthan thesize ofthe Long BSR plus its subheader, report
Long BSR.

If the Buffer Status reporting procedure determines thatat leastone BSR has been triggeredandnotcancelled:
- if the MACentity has ULresources allocated fornew transmis sion for this TTI:
- instruct the Multiplexing and Assembly procedure to generate the BSRMACcontrol element(s);
- start orrestart periodicBSR-Timer except when allthe generated BSRs are Truncated BSRs;
- startorrestart retxBSR-Timer.

- elseifa Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

- if anuplink grant is not configured or the Regular BSR was not triggered due to data becoming available for
transmission fora logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup
by upperlayers:

- a Scheduling Requestshallbe triggered.

A MACPDU shallcontain at mostoneMACBSR control element, even when multiple events triggera BSR by the
time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shallhave precedence overthe
padding BSR.

The M A Centity shall restart retxBSR-Timeruponindication ofa grant for transmission ofnew data onany UL-SCH.

All triggered BSRs shallbe cancelled in casethe UL grant(s) in this TTIcan accommodateall pending data available
for transmission butis not sufficient to additionally accommodatethe BSR M A C control element plus its subheader. All
triggered BSRs shallbe cancelled whena BSRis included in a MACPDU for transmission.

The MACentity shall transmit at most one Regular/Periodic BSR in a TTL. If the MA Centity is requested to transmit
multiple MACPDUs ina TTI, it may include apadding BSR in any ofthe MACPDUs which do not contain a
Regular/Periodic BSR.

Al BSRs transmittedin a TTIalways reflect the buffer status afteral MACPDUs have beenbuilt for this TTI. Each
LCG shallreport at the most one buffer status valueper TTIand this value shall be reported in all BSRs reporting

bufferstatus for this LCG.
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NOTE: A Padding BSRis not allowed to cancela triggered Regular/Periodic BSR, except for NB-IoT. A Padding
BSR is triggered fora specific MACPDU only and thetriggeris cancelled whenthis MACPDU has
been built.

5.4.5a Data Volume and Power Headroom Reporting

The Data Volume and Power Headroomreporting procedure is used to providethe serving eNB with information about
the amount ofdataavailable for transmission in the UL buffers associated with the MAC entity, and to providethe
serving eNB with information aboutthe difference between the nominal UE maximum transmission power andthe
estimated transmission power for UL-SCH transmission for the Serving Cell. The reporting is done using the DPR
MACcontrolelement, which is sentin Ms g3 together with a CCCH SDU.

5.4.6 PowerHeadroom Reporting

The Power Headroomreporting procedure is used to providethe serving eNB with information about the difference
between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission peractivated
Serving Cell and also with information about the difference between the nominal UE maximum powerand the
estimated power for UL-SCH and PUCCH transmission on SpCelland PUCCH SCell.

The reporting period, delay and mapping of Power Headroomare defined in subclause 9.1.8 0f [9]. RRC controls Power
Headroomreporting by configuring thetwo timers periodicPHR-Timer and prohibitPHR-Timer,and by signalling d!-
PathlossChange which sets the change in measured downlink pathloss and therequired power backoff due to power

management (as allowed by P-MPR. [10]) to triggera PHR [8].
A Power HeadroomReport (PHR) shallbe triggered ifany ofthe following events occur:

- prohibitPHR-Timer expires or has expired and the pathloss has changed more than dl-PathlossChange dB for at
least one activated Serving Cellof any MA Centity which is used as a pathloss referencesincethe last

transmissionofa PHR in this MA Centity whenthe MACentity has ULresources fornew transmission;
- periodicPHR-Timer expires;

- upon configuration or reconfiguration ofthe power headroomreporting functionality by upper layers [§], which
is notused todisable the function;

- activationofan SCell ofany MA Centity with configured uplink;
- addition ofthe PSCell;

- prohibitPHR-Timer expires or has expired, when the MACentity has ULresources fornew transmission, and
the following is true in this TTI forany ofthe activated Serving Cells ofany M AC entity with configured uplink:

- there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the
required powerbackoffdue to power management (as allowed by P-MPR. [10]) for this cellhas changed
more than dl-PathlossChangedB since thelast transmission ofa PHR when the MA Centity had UL
resources allocated fortransmission or PUCCH transmission on this cell.

NOTE: The MACentity should avoid triggering a PHR when the required power backoffdue to power
management decreases only temporarily (e.g. forup to a few tens of milliseconds) and it should avoid
reflecting suchtemporary decrease in the values of Pcvax,./PH when a PHR s triggered by other
triggering conditions.

If the MA Centity has ULresources allocated for new transmission for this TTIthe MACentity shall:
- if it is the first UL resourceallocated fora new transmission since thelast MACreset, start periodic PHR-Timer;

- if the Power Headroomreporting procedure determines that at leastone PHR has been triggered and not
cancelled, and;

- if the allocated ULresources canaccommodate the MAC control element for PHR which the MA Centity is
configured to transmit, plus its subheader, as a result oflogical channel prioritization:

- if extendedPHR is configured:
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- for each activated Serving Cell with configured uplink:
- obtain the value ofthe Type 1 power headroom;
- if the MACentity has ULresources allocated for transmission on this Serving Cell for this TTI:

- obtain the value for the corresponding Pemax. field from the physicallayer;

if simultaneousPUCCH-PUSCH s configured:

- obtain the value ofthe Type 2 power headroom for the PCell;

- obtain the value forthe corresponding Pcmax.c field from the physicallayer (see subclause 5.1.1.2 of
[2]);

instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHRMAC
controlelement for extendedPHR as defined in subclause 6.1.3.6a based on the values reported by the
physicallayer;

- elseifextended PHR2is configured:
- for each activated Serving Cell with configured uplink:
- obtain the value ofthe Type 1 power headroom;
- if the MACentity has ULresources allocated for transmission on this Serving Cell for this TTI:

- obtain the value for the corresponding Pcmax ¢ field from the physical layer;

if aPUCCH SCell is configured and activated:
- obtain the value ofthe Type 2 power headroomforthe PCell and PUCCH SCell;

- obtain the values for the corresponding Povax . fields fromthe physicallayer (seesubclause5.1.1.2 of

[2]);
- else:
- if simultaneousPUCCH-PUSCH s configured for the PCell:
- obtain the value ofthe Type 2 power headroomfor the PCell;

- obtain the value forthe corresponding Pcmax c field from the physical layer (see subclause 5.1.1.2
of [2]);

instruct the Multiplexing and Assembly procedure to generate and transmit an Extended PHRMAC
control element for extendedPHR2 according to configured ServCellIndex and the PUCCH(s) for the

MA Centity as defined in subclause 6.1.3.6a based onthe values reported by the physical layer;
- elseif dualConnectivityPHR is configured:
- for each activated Serving Cell with configured uplink associated with any MAC entity:

- obtain the value ofthe Type 1 power headroom;

- if this MACentity has ULresources allocated for transmission on this Serving Cell for this TTIor if
the other MACentity has ULresources allocated for transmission on this Serving Cell for this TTI
and phr-ModeOtherCG s setto realby upper layers:

- obtain the value for the corresponding Pemax . field from the physicallayer;
- if simultaneousPUCCH-PUSCH is configured:

- obtain the value ofthe Type 2 power headroomforthe SpCell;

- obtain the value forthe corresponding Pcmax,c field for the SpCell from the physicallayer (see
subclause 5.1.1.2 0f [2]);
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obtain the value ofthe Type 2 powerheadroomforthe SpCellofthe other MA Centity;

if phr-ModeOtherCG s set to real by upper layers:

- obtain the value for the corresponding Pemax,c field for the SpCell of the other MAC entity fromthe
physicallayer(see subclause 5.1.1.2 of [2]);

instruct the Multiplexing and Assembly procedure to generate and transmit a Dual Connectivity PHR
MACcontrolelement as defined in subclause 6.1.3.6b based onthe values reported by the physical layer;

- else:
- obtain the value ofthe Type 1 power headroom fromthe physical layer;

- instruct the Multiplexing and Assembly procedure to generate and transmit a PHR MA Ccontrolelement
as defined in subclause 6.1.3.6 based onthe value reported by the physical layer;

- startorrestart periodicPHR-Timer;
- start orrestart prohibitPHR-Timer;

- cancelall triggered PHR(s).

5.5 PCH reception

When the MA Centity needs to receive PCH, the MA Centity shall:
- if aPCH assignmenthas been received on the PDCCH for the P-RNTI:
- attemptto decode the TB on the PCH as indicated by the PDCCH information.
- if aTB onthe PCHhas been successfully decoded:

- deliverthe decoded MACPDU to upperlayers.

5.6 BCH reception

When the MA Centity needs to receive BCH, the MA Centity shall:
- receive and attempt to decodethe BCH;
- if aTB on the BCH has been successfully decoded:

- deliverthe decoded MACPDU to upperlayers.

5.7 Discontinuous Reception (DRX)

The MA Centity may be configured by RRCwith a DRX functionality that controls the UE’s PDCCH monitoring
activity forthe MA Centity’s C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, Semi-Persistent Scheduling C-RNTI
(if configured), eIMTA-RNTI (if configured) and SL-RNTI (if configured). Whenin RRC_CONNECTED, if DRX is
configured, the MAC entity is allowed to monitor the PDCCH dis continuously using the DRX operation specified in
this subclause; otherwise the M A C entity monitors the PDCCH continuously. Whenusing DRX operation, the MAC
entity shallalso monitor PDCCH according to requirements found in other subclauses ofthis specification. RRC
controls DRX operation by configuring the timers on DurationTimer, drx-Inactivity Timer, drx-Retransmission Timer
(one per DL HARQ process except for the broadcast process), drx-ULRetransmissionTimer (oneper asynchronous UL
HARQ process), the longDRX-Cycle, the value ofthe drxStartOffset and optionally the drxShortCycleTimer and
shortDRX-Cycle. A HARQRTT timer per DL HARQ process (except for the broadcast process) and ULHARQRTT

Timer perasynchronous ULHARQ process is alsodefined (see subclause 7.7).
When a DRX cycle is configured, the Active Time includes the time while:

- onDurationTimer or drx-Inactivity Timer or drx-RetransmissionTimer or drx-ULRetransmission Timer or mac-
ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
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a Scheduling Requestis senton PUCCH and is pending (as described in subclause 5.4.4); or

an uplink grant fora pending HARQ retransmission can occur and there is datain the corresponding HARQ
buffer for synchronous HARQ process; or

a PDCCH indicating a new transmission addressed to the C-RNTI of the MA Centity has not been received after
successfulreceptionofa Random A ccess Response forthe preamble notselected by the MAC entity (as
describedin subclause 5.1.4).

When DRX s configured, the MAC entity shall for each subframe:

if aHARQ RTT Timer expires in this subframe:
- if the data ofthe corresponding HARQ process was notsuccessfully decoded:
- startthe drx-RetransmissionTimer for the corresponding HARQ process;
- if NB-loT, start orrestart the drx-Inactivity Timer.
if an UL HARQ RTT Timer expires in this subframe:
- start the drx-ULRetransmissionTimer for the corresponding HARQ process.
- if NB-IoT, start orrestart the drx-Inactivity Timer.
if a DRX Command MAC controlelement ora Long DRX Command MAC controlelement is received:
- stop onDurationTimer;
- stop drx-Inactivity Timer.
if drx-InactivityTimer expires ora DRX Command M A C control element is received in this subframe:
- if the Short DRX cycle is configured:
- start orrestart drxShortCycle Timer,
- usethe Short DRX Cycle.
- else:
- usethe Long DRX cycle.
if drxShortCycleTimer expires in this subframe:
- usethe Long DRX cycle.
if aLong DRX Command MAC control element is received:
- stop drxShortCycleTimer;
use the Long DRX cycle.

If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (skortDRX-Cycle)=
(drxStartOffset) modulo (shortDRX-Cycle); or

if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
- start onDurationTimer.

during the Active Time, fora PDCCH-subframe, if the subframe is not required for uplink transmis sion for half-
duplexFDD UE operation, and ifthe subframe is not a half-duplexguard subframe [7] and if the subframe is not
part ofa configured measurement gap and ifthe subframe is notpart ofa configured Sidelink Discovery Gap for
Reception, and for NB-IoT if the subframe is not required for uplink transmis sion or downlink reception other
than on PDCCH; or

during the Active Time, fora subframe other than a PDCCH-subframe and fora UE capable of simultaneous
reception and transmission in the aggregated cells, ifthe subframe is a downlink subframe indicated by a valid
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eIMTA LI signalling forat least one serving cellnot configured with schedulingCellId[8] and if the subframe is
not part ofa configured measurement gap and ifthe subframe is not part ofa configured Sidelink Discovery Gap
for Reception; or

- during the Active Time, fora subframe other than a PDCCH-subframe and fora UE not capable of simultaneous
reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid
eIMTA L1 signalling forthe SpCelland ifthe subframe is not partofa configured measurement gap andifthe
subframe is not part ofa configured Sidelink Discovery Gap for Reception:

- monitorthe PDCCH;
- if the PDCCH indicates a DL transmissionorif a DL assignmenthas been configured for this subframe:
- iftheUEis an NB-IoT UE, a BL UE ora UE in enhanced coverage:

- start the HARQRTT Timer for the corresponding HARQ process in the subframe containing the last
repetition ofthe corresponding PDSCH reception;

- else:
- start the HARQRTT Timer for the corresponding HARQ process;
- stop thedrx-RetransmissionTimer for the corresponding HARQ process.
- if the PDCCH indicates an UL transmission for an as ynchronous HARQ process:

- startthe ULHARQRTT Timer forthe corresponding HARQ process in the subframe containing the last
repetition ofthe corresponding PUSCH transmission;

- stop thedrx-ULRetransmissionTimer for the corresponding HARQ process.
- if the PDCCH indicates a new transmission (DL, UL or SL):

- except for NB-IoT, start orrestart drx-Inactivity Timer.
- if the PDCCH indicates a transmission (DL, UL) fora NB-loT UE:

- stop drx-Inactivity Timer, drx-ULRetransmissionTimer and on DurationTimer.

- in current subframe n, ifthe MA Centity would notbe in Active Time considering grants/assignments/DRX
Command M A Ccontrol elements/Long DRX Command M AC control elements received and Scheduling
Requestsent untiland including subframe n-5 when evaluating all DRX Active Time conditions as specified in
this subclause, type-0-triggered SRS [2] shallnot be reported.

- if CQI masking (cqi-Mask)is setup by upper layers:

- in current subframe n, if on Duration Timer would not be running considering grants/assignments/DRX
Command MA Ccontrol elements/Long DRX Command MAC control elements received untiland including
subframe n-5 when evaluating all DRX A ctive Time conditions as specified in this subclause,

CQI/PMI/RI/PTI/CRI on PUCCH shallnot be reported.
- else:

- in current subframe n, ifthe MA Centity would notbe in Active Time considering grants/assignments/DRX
Command M A Ccontrol elements/Long DRX Command MAC control elements received and Scheduling
Requestsent untiland including subframe n-5 when evaluating all DRX Active Time conditions as specified
in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shallnot be reported.

Regardless of whetherthe M AC entity is monitoring PDCCH ornot, the MA Centity receives and transmits HARQ
feedback and transmits type-1-triggered SRS [2] when suchis expected.

NOTE: Thesame Active Time applies to allactivated serving cell(s).

NOTE: In caseofdownlinkspatialmultiplexing, if a TB is received while the HARQ RTT Timer is running and
the previous transmission ofthe same TB was received at least N subframes before the current subframe
(where N corresponds tothe HARQRTT Timer), the MA Centity should process it and restart the HARQ
RTT Timer.
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NOTE: The BL UE and the UE in enhanced coverage waits until the last subframe ofthe configured MPDCCH
search space before executing the next specified action.

5.7a  Discontinuous Reception (DRX) for SC-PTM

Each G-RNTI ofthe MACentity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH
monitoring activity forthis G-RNTI as specified in [8]. When in RRC IDLE or RRC_CONNECTED, if DRX is
configured, the MACentity is allowed to monitor the PDCCH for this G-RNTI discontinuously using the DRX
operationspecified in this subclause; otherwise the MAC entity monitors the PDCCH for this G-RNTI continuously.
Foreach G-RNTI of the MA Centity, RRC controls its DRX operation by configuring the timers
onDurationTimerSCPTM, drx-InactivityTimerSCPTM, the SC-MTCH-SchedulingCycle and the value ofthe SC-MTCH-
Scheduling Offset. The DRX operation specified in this subclause is performed independently for each G-RNTI and

independently fromthe DRX operation specified in subcaluse 5.7.
When DRX s configured fora G-RNTI, the Active Time includes the time while:
- onDurationTimerSCPTM or drx-InactivityTimerSCPTMis running.
When DRXis configured fora G-RNTTI as specified in [8], the MA Centity shall for each subframe for this G-RNTL:
- if [(SFN * 10) + subframe number] modulo (SC-MTCH-SchedulingCycle)=SC-MTCH-SchedulingOffset:
- start onDurationTimerSCPTM.
- during the Active Time, fora PDCCH-subframe:
- monitorthe PDCCH;
- if the PDCCH indicates a DL transmission:

- startorrestart drx-Inactivity TimerSCPTM.

5.8 MAC reconfiguration
When a reconfiguration ofthe MAC entity is requested by upper layers, the MAC entity shall:
- upon additionofan SCell, initialize the corresponding HARQ entity;
- uponremovalofan SCell, remove the corresponding HARQ entity;
- for timers apply the new value when the timeris (re)started;
- when counters are initialized apply thenew maximum parameter value;

- for otherparameters, apply immediately the configurations received fromupper layers.

5.9 MAC Reset

Ifa reset ofthe MA Centity is requested by upper layers, the MAC entity shall:
- initialize Bj foreach logical channelto zero;
- stop (ifrunning) all timers;
- considerall timeAlignmentTimers as expired and performthe corresponding actions in subclause 5.2;
- setthe NDIs forall uplink HARQ processes tothe value 0;
- stop,ifany,ongoing RACH procedure;
- discard explicitly signalled ra-Preamblelndex and ra-PRACH-MaskIndex, if any;
- flush Msg3 buffer;
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- cancel, if any, triggered Scheduling Request procedure;

- cancel, if any, triggered Buffer Status Reporting procedure;

- cancel, if any, triggered Power HeadroomReporting procedure;

- flush the softbuffers forall DL HARQ processes;

- foreach DL HARQ process, consider the next received transmission fora TB as the very first transmission;

- release,if any, Temporary C-RNTL

5.10 Semi-Persistent Scheduling

When Semi-Persistent Scheduling is enabled by RRC, the following information is provided [8]:
- Semi-Persistent Scheduling C-RNTT;

- Uplink Semi-Persistent Scheduling interval semiPersistSched IntervalUL and number of empty transmissions
before implicit release implicitReleaseAfter, if Semi-Persistent Scheduling is enabled for the uplink;

- Whether twolntervalsConfig is enabled or disabled foruplink, only for TDD;

- Downlink Semi-Persistent Scheduling interval semiPersistSchedIntervalDL and number of configured HARQ
processes for Semi-Persistent Scheduling numberOfConfSPS-Processes, if Semi-Persistent Scheduling is
enabled forthe downlink;

When Semi-Persistent Scheduling foruplink ordownlink is disabled by RRC, the corresponding configured grant or
configured assignment shall be discarded.

Semi-Persistent Scheduling is supported onthe SpCell only.

Semi-Persistent Scheduling is not supported for RN communication with the EEFUTRAN in combination with an RN
subframe configuration.

NOTE: When eIMTA is configured for the SpCell, if a configured uplink grantora configured downlink
assignmentoccurs on a subframe that can be reconfigured through eIMTA L1 signalling, thenthe UE
behaviouris left unspecified.

5.10.1 Downlink

Aftera Semi-Persistent downlink assignmentis configured, the MAC entity shall consider sequentially that the N
assignmentoccurs in the subframe for which:

- (10 * SFN + subframe)=[(10 * SFNsart tme + subframesarctime) + N * semiPersistSchedIntervalDL] modulo
10240.

Where SFNirt time and subframear: ime are the SFN and subframe, respectively, at the time the configured downlink
assignmentwere (re-)initialised.

ForBL UEs or UEs in enhanced coverage SFNart ime and subframesare ime refer to SFN and subframe ofthe first
transmission of PDSCH where configured downlink assignment was (re-)initialized.

5.10.2 Uplink

Aftera Semi-Persistent Schedulinguplink grant is configured, the MAC entity shall:
- if twolntervalsConfigis enabled byupperlayer:
- setthe Subframe Offset accordingto Table 7.4-1.
- else:

- setSubframe Offsetto 0.
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- considersequentially that the N" grant occurs in the subframe for which:

- (10 * SFN + subframe)=[(10 * SFNart time + Subframesart ime) + N * semiPersistSchedinterval UL +
Subframe Offset* (Nmodulo 2)] modulo 10240.

Where SFNitart time and subframesar: ime are the SFN and subframe, respectively, at the time the configured uplink grant
were (re-)initialised.

The MACentity shall clear the configured uplink grantimmediately after implicitReleaseAfier [8] number of
consecutive new MACPDUs each containing zero MAC SDUs have beenprovided by the Multiplexing and Assembly
entity, on the Semi-Persistent Scheduling resource.

NOTE:  Retransmissions for Semi-Persistent Scheduling can continue after clearing the configured uplink grant.

ForBL UEs or UEs in enhanced coverage SFNirc time and subframesare ime refer to SEN and subframe ofthe first
transmission of PUSCH where configured uplink grant was (re-)initialized.

5.11  Handling of unknown, unforeseen and erroneous protocol
data

When a MA Centity receivesa MACPDU forthe MA Centity’s C-RNTI or Semi-Persistent Scheduling C-RNTI, or by
the configured downlink assignment, or on SL-SCH, containing reserved orinvalid values, the MAC entity shall:

- discard the received PDU.

When a MA Centity receives a MACPDU on MCH containingreserved values, oron DL-SCH containing reserved
values for G-RNTI or SC-RNTI, the MA Centity shall:

- ignore the MACPDU subheaders containing reserved values and the corresponding M A C SDUs;

- in the MACcontrol elements, ignore the fields containing reserved values and the fields associated with the
fields containing reserved values.

5.12  MCH reception

MCH transmission may occur in subframes configured by upper layer for MCCH or MTCH transmission. Foreach
such subframe, upper layerindicates if signallingMCS or dataMCS applies. The transmission ofan MCH occursin a set
of subframes defined by PMCH-Config. An MCH Scheduling Information M AC control element is included in the first
subframe allocated to the MCH within the MCH scheduling period to indicate the positionofeach MTCH and unused
subframes on the MCH. If pmch-InfoListExt is configured foran MCH, an Extended MCH Scheduling Information
MACcontrolelement is included in the first subframe allocated to the corresponding MCH within the MCH scheduling
period to indicate the positionofeach MTCH and unused subframes on the MCH, and to indicate whether MTCH
transmission s to be suspended. The M A C entity shall assume thatthe first scheduled MTCH starts immediately after
the MCCH or the MCH Scheduling Information MAC control element or the Extended MCH Scheduling Information
MAC controlelement ifthe MCCH is not present, and the other scheduled M TCH(s) startimmediately afterthe
previous MTCH, at the earliest in the subframe where the previous MTCH stops. When the MAC entity needs to
receive MCH, the MA Centity shall:

- attempt to decode the TB on the MCH;
- if aTB onthe MCH has been successfully decoded:
- demultiplexthe MACPDU and deliverthe MACSDU(s) to upper layers.

When the MA Centity receives the Extended MCH Scheduling Information MAC control element, the MAC entity shall
indicate the MTCH(s) to be suspended to the upper layers.

NOTE: The MACentity should continuereceiving MCH untilthe MTCH is removed fromthe MCCH.
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5.13  Activation/Deactivation of SCells

If the MA Centity is configured with one or more SCells, the network may activate and deactivate the configured
SCells. The SpCell is always activated. The network activates and deactivates the SCell(s) by sending the
Activation/Deactivation MAC control element described in subclause 6.1.3.8. Furthermore, the MA Centity maintains a
sCellDeactivationTimer timer per configured SCell (except the SCell configured with PUCCH, if any) and deactivates
the associated SCellupon its expiry. The same initial timer value applies to each instance ofthe sCell DeactivationTimer
and itis configured by RRC. The configured SCells are initially deactivateduponadditionandaftera handover. The
configured SCG SCells are initially deactivatedaftera SCG change.

The MACentity shall foreach TTTand foreach configured SCell:

- if the MACentityreceives an Activation/Deactivation MAC control element in this TTIactivating the SCell, the
MACentity shallin the TTIaccordingto thetiming defined in [2]:

- activate the SCell; i.e. apply normal SCell operation including:

- SRS transmissions onthe SCell;

- CQIPMI/RI/PTI/CRIreporting forthe SCell;

- PDCCH monitoring on the SCell;

- PDCCH monitoring forthe SCell;

- PUCCH transmissions on the SCell, if configured.
- start orrestart the sCell DeactivationTimer associated with the SCell;
- trigger PHR accordingto subclause 5.4.6.

- else,if the MACentity receives an Activation/Deactivation MAC control element in this TTI deactivating the
SCell; or

- if the sCellDeactivationTimer associated with the activated SCell expires in this TTI:
- in the TTIaccordingto thetiming defined in [2]:
- deactivate the SCell;
- stop thesCellDeactivation Timer associated with the SCell;
- flush all HARQ buffers associated with the SCell.
- if PDCCH on the activated SCell indicates an uplink grant or downlink assignment; or

- if PDCCH on the Serving Cell scheduling theactivated SCell indicates an uplink grant or a downlink assignment
for the activated SCell:

- restart the sCellDeactivationTimer associated with the SCell;
- if the SCell is deactivated:

- nottransmit SRS on the SCell;

- notreport CQ/PMI/RI/PTI/CRI for the SCell;

- nottransmit on UL-SCH on the SCell;

- nottransmit on RACH on the SCell;

- notmonitorthe PDCCH on the SCell;

- not monitor the PDCCH for the SCell;

- nottransmit PUCCH on the SCell.
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HARQ feedback forthe MACPDU containing A ctivation/Deactivation MAC control element shallnot be impacted by
PCell interruption dueto SCell activation/deactivation [9].

NOTE: When SCellis deactivated, the ongoing Random A ccess procedure on the SCell, if any, is aborted.

5.14  SL-SCH Data transfer

5.14.1 SL-SCH Data transmission

51411 SL Grant reception and SCI transmission

In orderto transmit on the SL-SCH the MA Centity musthave at leastonesidelink grant. Sidelink grants are selected as
follows:

- if the MACentityis configured to receive a single sidelink grantdynamically on the PDCCH and more data is
available in STCH than can be transmitted in the current SCperiod, the MAC entity shall:

- usingthereceivedsidelink grant determine the set of subframes in which transmission of SCl and
transmission of first transport block occur according to subclause 14.2.1 of[2];

- considerthereceived sidelink grant to be a configured sidelink grant occurring in those subframes starting at
the beginning ofthefirst available SC Period which starts at least4 subframes after the subframe in which
the sidelink grant was received, overwriting a previously configured sidelink grant occurring in the same SC

period, if available;
- clearthe configured sidelink grant at the end ofthe corresponding SC Period;

- else,if the MACentity is configured by upper layers to receive multiple sidelink grants dynamically on the
PDCCH and more data is available in STCH than can be transmitted in the current SCperiod, the MACentity

shall foreach received sidelink grant:

- usingthereceivedsidelink grant determine the set of subframes in which transmission of SCl and
transmission of first transport block occur according to subclause 14.2.1 of[2];

- considerthe received sidelink grant to be a configured sidelink grant occurring in those subframes starting at
the beginning ofthefirst available SC Period which starts at least4 subframes after the subframe in which
the sidelink grant was received, overwriting a previously configured sidelink grant received in the same
subframe numberbut in a different radio frame as this configured sidelink grantoccurring in the same SC

period, if available;
- clearthe configuredsidelink grant at the end ofthe corresponding SC Period;

- else,if the MA Centity is configured by upper layers to transmit using one or multiple pool(s) of resources as
indicated in subclause 5.10.4 of [8] and more data is available in STCH than can be transmitted in the current SC

period, the MA Centity shall for each sidelink grant to be selected:
- if configured by upper layers to use a single pool ofresources:
- selectthatpool ofresources foruse;

- else,if configured by upper layers to use multiple pools ofresources:

- selectapoolofresources foruse fromthe pools ofresources configured by upper layers whose associated
priority list includes thepriority ofthe highest priority ofthe sidelink logical channel in the MACPDU to
be transmitted;

NOTE: Ifmore than one pool ofresources has an associated priority list which includes thepriority ofthe
sidelink logical channel with the highest priority in the MACPDU to be transmitted, it is left for UE
implementation which oneofthosepools ofresources toselect.

- randomly select the time and frequency resources for SL-SCH and SCI ofa sidelink grant fromthe selected
resourcepool. The randomfunction shallbe suchthateachofthe allowed selections [2] can be chosen with

equalprobability;
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- usetheselected sidelink grant to determine thesetofsubframes in which transmission of SCl and
transmission of first transport block occur according to subclause 14.2.1 of[2];

- considerthe selected sidelink grant to be a configured sidelink grant occurring in those subframes starting at
the beginning ofthefirst available SC Period which starts at least4 subframes after the subframe in which
the sidelink grant was selected;

- clearthe configuredsidelink grant at the end ofthe corresponding SC Period;

NOTE: Retransmissions on SL-SCH cannotoccurafterthe configured sidelink granthas been cleared.

NOTE: Ifthe MACentity is configured by upper layers to transmit usingone or multiple pool(s) ofresources as
indicated in subclause 5.10.4 of [8], it is left for UE implementation how many sidelink grants toselect
within one SC period taking thenumber of sidelink processes into account.

The MACentity shall for each subframe:
- if the MACentity has a configured sidelink grant occurring in this subframe:
- if the configured sidelink grant corresponds to transmission of SCI:
- instruct the physical layerto transmit SCI correspondingto the configured sidelink grant.
- elseif'the configured sidelink grantcorresponds to transmission of first transport block:

- deliverthe configured sidelink grant and the associated HARQ information to the Sidelink HARQ Entity
for this subframe.

NOTE: Ifthe MACentity has multiple configured grants occurring in one subframe andifnot all ofthem can be
processed due to the single-cluster SC-FDM restriction, it is left for UE implementation which one of
these to process according to the procedure above.

5.141.2 Sidelink HARQ operation

5.14.1.21 Sidelink HARQ Entity

There is one Sidelink HARQ Entity at the MA Centity for transmission on SL-SCH, which maintains a number of
parallel Sidelink processes.

The number oftransmitting Sidelink processes associated with the Sidelink HARQ Entity is defined in [8].

A delivered and configured sidelink grant and its associated HARQ information are associated with a Sidelink process.

Foreach subframe ofthe SL-SCH and each Sidelink process, the Sidelink HARQ Entity shall:

- if asidelink grant has beenindicated for this Sidelink process and there is SLdata, for sidelink logical channels
of ProSe destination associated with this sidelink grant, available for transmission:

- obtain the MACPDU fromthe “Multiplexing and assembly” entity;
- deliverthe MACPDU and the sidelink grant and the HARQ informationto this Sidelink process;
- instruct this Sidelink process to trigger a new transmission.
- else, if this subframe corresponds to retransmission opportunity for this Sidelink process:
- instruct this Sidelink process to trigger a retransmission.

NOTE: Theresources forretransmission opportunities are specified in subclause 14.2.1 of [2].

5.14.1.2.2 Sidelink process
The Sidelink process is associated with a HARQ buffer.
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The sequence ofredundancy versions s 0,2, 3, 1. The variable CURRENT IRV is an index into the sequence of
redundancy versions. This variable is updated modulo 4.

New transmis sions and retransmissions fora given SC period are performed on theresource indicated in the sidelink
grant and with the MCS configured by upper layers (if configured).

If the Sidelink HARQ Entity requests a new transmission, the Sidelink process shall:
- set CURRENT IRV to 0;
- storethe MACPDU in the associated HARQ buffer;
- storethesidelink grantreceived fromthe Sidelink HARQ Entity;

- generateatransmissionas described below.

If the Sidelink HARQ Entity requests a retransmission, the Sidelink process shall:

- generateatransmissionas described below.

To generatea transmission, the Sidelink process shall:

- if thereis no uplink transmission or if the MA Centity is able to performuplink transmissions and transmis sions
on SL-SCH simultaneously at thetime ofthe transmission, and:

- if thereis no Sidelink Discovery Gap for Transmission orno transmission on PSDCH at the time ofthe
transmission:

- instruct the physical layerto generatea transmission according to the stored sidelink grant with the
redundancy version corresponding to the CURRENT IRV value.

- increment CURRENT IRV by 1.

5.14.1.3 Multiplexing and assembly

ForPDU(s) associated with one SCI, MACshall consider only logical channels with thesame Source Layer-2 ID-
Destination Layer-2 ID pair.

Multiple transmis sions within overlapping SCperiods to different ProSe Destinations are allowed subject to single-
cluster SC-FDM constraint.

5.14.1.3.1 Logical channel prioritization

The Logical Channel Prioritization procedure is applied whena new transmission is performed. Each sidelink logical
channelhas an associated priority which is the PPPP. Multiple sidelink logical channels may have the same associated
priority. The mapping between priority and LCID is left for UE implementation.

The MACentity shall performthe following Logical Channel Prioritization procedure for each SCI trans mitted in an
SC period:

- The MACentity shall allocate resources to the sidelink logical channels in the following steps:

- Only considersidelink logical channels notpreviously selected forthis SCperiod and the SCperiods (ifany)
which are overlapping with this SCperiod, to have data available for transmission.

- Step 0: Select a ProSe Destination, having the sidelink logical channel with the highest priority, among the
sidelink logical channels having data available for transmission;

- Foreach MACPDU associated to the SCI:
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- Step 1: Among the sidelink logical channels belongingto theselected ProSe Destinationand having data
available for transmission, allocateresources to the sidelink logical channel with the highest priority;

- Step 2: if any resources remain, sidelink logical channels belonging to the selected ProSe Destination are
served in decreasing order of priority until either the data for the sidelink logical channel(s) orthe SL grant is
exhausted, whichever comes first. Sidelink logical channels configured with equal priority should beserved

equally.
- The UE shallalso follow the rules below during the scheduling procedures above:

- the UE should not segment an RLC SDU (or partially transmitted SDU) if the whole SDU (or partially
transmitted SDU) fits into the remaining resources;

- if the UE segments an RLC SDU from the sidelink logical channel, it shall maximize the size of the segment
to fill the grant as much as possible;

- the UE should maximise the transmission ofdata;

- if the MACentityis given an sidelink grantsize that is equal to or largerthan 10 bytes while having data
available for transmission, the MAC entity shallnot transmit only padding.

5.14.1.3.2 Multiplexing of MAC SDUs
The MA Centity shallmultiplex MAC SDUs ina MACPDU according to subclauses 5.14.1.3.1 and 6.1.6.

51414 Buffer Status Reporting

The sidelink Buffer Status reporting procedure is used to providethe serving eNB with information aboutthe amount of
sidelink data available for transmission in the SLbuffers associated with the MAC entity. RRC controls BSRreporting
for the sidelink by configuring thetwo timers periodic-BSR-TimerSL and retx-BSR-TimerSL. Each sidelink logical
channelbelongs to a ProSe Destination. Each sidelink logical channelis allocated to an LCG depending on the priority
of the sidelink logical channel and themappingbetween LCG ID and priority which is provided by upper layers in
logical ChGrouplnfoList [8]. LCG is defined per ProSe Destination.

A sidelink Buffer Status Report(BSR) shallbe triggered ifany ofthe following events occur:
- if the MACentity has a configured SL-RNTTI:

- SL data, forasidelink logical channel ofa ProSe Destination, becomes available for transmission in the RLC
entity orin the PDCP entity (the definition of what data shall be considered as available for transmission is
specified in [3] and [4] respectively) and either thedatabelongs to a sidelink logical channel with higher
priority than the priorities ofthe sidelink logical channels which belongto any LCG belonging to the same
ProSe Destination and for which datais already available for transmission, or there is currently no data
available for transmission forany ofthe sidelink logical channels belongingto the same ProSe Destination,

in which case the Sidelink BSR is referred below to as "Regular Sidelink BSR";

- UL resources are allocated and number of padding bits remaining aftera Padding BSR has beentriggered is
equalto orlargerthan the size ofthe Sidelink BSR M A C control element containing the buffer status for at
least one LCG of a ProSe Destination plus its subheader, in which casethe Sidelink BSR is referred below to

as "Padding Sidelink BSR";

- retx-BSR-TimerSL expires and the MAC entity has dataavailable for transmission forany ofthe sidelink
logicalchannels, in which casethe Sidelink BSR is referred below to as "Regular Sidelink BSR";

- periodic-BSR-TimerSL expires, in which casethe Sidelink BSR is referred below to as "Periodic Sidelink
BSR";

- else:

- An SL-RNTI s configured by upperlayers and SLdata is available for transmission in the RLC entity orin
the PDCP entity (the definition of what data shallbe considered as available for transmission s specified in

[3] and [4] respectively), in which case the Sidelink BSRis referred below to as "Regular Sidelink BSR".
ForRegularand Periodic Sidelink BSR:
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- if thenumberofbits in the UL grant is equalto or largerthan thesize ofa Sidelink BSR containing buffer status
for all LCGs having dataavailable fortransmission plus its subheader:

- report Sidelink BSR containing buffer status forall LCGs having data available for transmission;

- elsereport Truncated Sidelink BSR containing buffer status for as many LCGs having dataavailable for
transmissionas possible, taking the number ofbits in the UL grant into consideration.

ForPadding Sidelink BSR:

- if thenumberofpaddingbits remainingaftera Padding BSR has beentriggered is equalto orlarger than the siz
ofaSidelink BSR containing buffer status forall LCGs having dataavailable for transmission plus its

subheader:
- report Sidelink BSR containingbufferstatus forall LCGs having data available for transmission;

- elsereport Truncated Sidelink BSR containing buffer status foras many LCGs having dataavailable for
transmission as possible, taking the number ofbits in the UL grant into consideration.

If the Buffer Status reporting procedure determines thatat leastone Sidelink BSR has been triggered andnot cancelled:

- if the MACentity has ULresources allocated for new transmission for this TTTand theallocated ULresources
can accommodate a Sidelink BSR MAC control element plus its subheader as a result oflogical channel
prioritization:

- instruct the Multiplexing and Assembly procedure to generate the Sidelink BSR MA C control element(s);

- start orrestart periodic-BSR-TimerSL except when all the generated Sidelink BSRs are Truncated Sidelink
BSRs;

- start orrestart retx-BSR-TimerSL;
- elseifa Regular Sidelink BSR has been triggered:
- if anuplink grant is not configured:
- aScheduling Requestshall be triggered.

A MACPDU shall contain at mostone Sidelink BSR M A C control element, even when multiple events triggera
Sidelink BSR by the time a Sidelink BSR can be transmitted in which case the Regular Sidelink BSR and the Periodic

Sidelink BSR shallhave precedence overthe padding Sidelink BSR.
The MACentity shallrestart retx-BSR-TimerSL uponreceptionofan SL grant.

All triggered regular Sidelink BSRs shallbe cancelled in case the remaining configured SL grant(s) valid for this SC
Period can accommodate allpending data available for transmission. All triggered Sidelink BSRs shallbe cancelled in
case the MACentity has no data available for transmission forany ofthe sidelink logical channels. All triggered
Sidelink BSRs shallbe cancelled when a Sidelink BSR (except for Truncated Sidelink BSR) is included ina MACPDU
for transmission. Alltriggered Sidelink BSRs shallbe cancelled, and retx-BSR-TimerSL and periodic-BSR-TimerSL

shallbe stopped, whenupper layers configure autonomous resource selection.

The MACentity shall transmit at most one Regular/Periodic Sidelink BSR in a TTL If the MA Centity is requested to
transmit multiple MACPDUs in a TTL it may include a padding Sidelink BSR in any ofthe MACPDUs which do not
contain a Regular/Periodic Sidelink BSR.

All Sidelink BSRs transmitted in a TTTalways reflect the bufferstatus afterall MACPDUs have beenbuilt for this
TTIL Each LCG shallreport at the most one bufferstatus valueper TTTand this valueshall be reported in all Sidelink

BSRs reporting buffer status for this LCG.

NOTE: A Padding Sidelink BSR is not allowed to cancel a triggered Regular/Periodic Sidelink BSR. A Padding
Sidelink BSR is triggered fora specific MACPDU only and thetriggeris cancelled when this MAC PDU
has been built.
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5.14.2 SL-SCH Data reception

5.14.2.1 SClI reception

SCI transmitted on the PSCCH indicate ifthere is a transmission on SL-SCH and provide therelevant HARQ
information.

The MACentity shall:

- for each subframe during which the M AC entity monitors PSCCH:

- if SCT for this subframe has beenreceived onthe PSCCH with a Group DestinationID ofinterest to this
MACentity:

- determine the set of subframes in which reception ofthe first transportblocks occuraccording to
subclause 14.2.2 of [2] using the received SCI;

- store the SCland associated HARQ information as SCI valid for the subframes corresponding to first
transmissionofeach transportblock;

- for each subframe for which the MACentity has a valid SCI:

- deliverthe SCI and the associated HARQ information to the Sidelink HARQ Entity.
5.14.2.2 Sidelink HARQ operation

5.14.2.21 Sidelink HARQ Entity

There is one Sidelink HARQ Entity at the MA Centity forreception ofthe SL-SCH which maintains a number of
parallel Sidelink processes. Each Sidelink process is associated with SClin which the MA Centity is interested as
determined by the Group Destination ID ofthe SCI. The Sidelink HARQ Entity directs HARQ information and
associated TBs received on the SL-SCH to the corresponding Sidelink processes.

The number ofReceiving Sidelink processes associated with the Sidelink HARQ Entity is defined in [8].

Foreach subframe ofthe SL-SCH, the Sidelink HARQ Entity shall:

- foreach SClvalid in this subframe:

- allocate the TBreceived fromthe physical layer and theassociated HARQ informationto a Sidelink process,
associatethis Sidelink process with this SCl and consider this transmission to be a new transmission.

- for each Sidelink process:

- if this subframe corresponds to retransmission opportunity for the Sidelink process according to its
associated SCI:

- allocate the TBreceived fromthe physicallayerand theassociated HARQ informationto the Sidelink
process and consider this transmis sion to be a retransmis sion.

5.14.2.2.2 Sidelink process

Foreach subframe where a transmis sion takes place forthe Sidelink process, one TBand the associated HARQ
information is received fromthe Sidelink HARQ Entity.

The sequenceofredundancy versionsis 0,2, 3, 1. The variable CURRENT IRV is an index into the sequence of
redundancy versions. This variable is updated modulo 4.

Foreach received TB and associated HARQ information, the Sidelink process shall:

- if this is anew transmission:
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- set CURRENT IRV to 0;

- storethereceived datain the softbufferand optionally attempt to decode thereceived data accordingto
CURRENT _IRV.

- elseif'this is a retransmission:
- if the data forthis TB has not yetbeensuccessfully decoded:
- increment CURRENT IRV by 1;

- combine the received data with the data currently in the soft buffer for this TB and optionally attemptto
decode the combined dataaccording to the CURRENT _IRV.

- if the data which the MAC entity attempted to decode was successfully decoded forthis TB:

- if this is the first successful decoding ofthe data for this TB:

- if the DST field ofthe decoded MACPDU subheaderis equalto the 16 MSB of any ofthe Destination
Layer-2 ID(s) of the UE for which the 8 LSB are equalto the Group Destination ID in the corresponding
SCIL:

- deliverthe decoded MACPDU to the disassembly and demultiplexing entity.

5.14.2.3 Disassembly and demultiplexing
The MACentity shall disassemble and demultiplexa MACPDU as defined in subclause 6.1.6.

5.15 SL-DCH data transfer

5.15.1 SL-DCH data transmission

5.15.1.1 Resource allocation
In order to transmit MACPDU(s) on SL-DCH, the MA Centity shall forevery discovery period and each MACPDU:
- if the MACentityis configured by upper layers with a specific grant as specified in [8]:

- using the specific grantdetermine the set of subframes in which a transmission ofnew MACPDU(s) occur
accordingto subclause 14.3.1 of [2];

- considerthe determined setof'subframes to be a configured grant for the corresponding discovery period;

- for every subframe, ifthe MA Centity has a configured grantoccurring in that subframe, deliverthe
configured grant andthe MACPDU to the Sidelink HARQ Entity;

- clearthe configured grant at theend ofthe corresponding discovery period.
NOTE: Mappingbetween grant and physical resources is specified in subclause9.5.6 of[7].
- elseifthe MACentity is configured with a single pool of resources by upper layers:

- selectarandomvalue plintherange fromOto 1, where the randomfunction shallbe suchthateachofthe
allowed selections can be chosen with equal probability;

- if plis less thantxProbability:

- selectarandomresource fromthe poolofresources (excluding any resources which are overlapping with
PRACH orresources belonging to the subframes ofresources already selected for transmissions on SL~
DCH in this discovery period), where the randomfunction shallbe suchthateachofthe allowed

selections (see subclause 14.3.1 of[2]) can be chosenwith equal probability;

- usingthe selected resource determine the set of subframes in which the transmissionofa MACPDU can
occuraccordingto subclause 14.3.1 of [2]
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- considerthe determined setofsubframes to be a configured grant for the corresponding discovery period,;

- for every subframe, iftthe MA Centity has a configured grantoccurring in that subframe, deliver the
configured grant andthe MACPDU to the Sidelink HARQ Entity;

- clearthe configured grant at theend ofthe corresponding discovery period.
5.151.2 Sidelink HARQ operation

5.156.1.21 Sidelink HARQ Entity

There is one Sidelink HARQ Entity at the MA Centity for transmission on SL-DCH, which maintains one Sidelink
process foreachMACPDU.

Foreach subframe ofthe SL-DCH the Sidelink HARQ Entity shall:
- ifagrantand aMACPDU has beendelivered for this subframe to the Sidelink HARQ Entity:
- deliverthe MACPDU and the grantto the Sidelink process;
- instruct the Sidelink process to trigger a new transmission.
- else,if this subframe corresponds to retransmis sion opportunity for the Sidelink process:

- instruct the Sidelink process to trigger a retransmis sion.

5.15.1.2.2 Sidelink process

The Sidelink process is associated with a HARQ buffer.

The Sidelink process shallmaintain a state variable CURRENT _TX NB, which indicates thenumber oftransmissions
that have taken place forthe MACPDU currently in the buffer. When the Sidelink process is established,
CURRENT TX NB shallbe initialized to O.

The sequenceofredundancy versionsis 0,2, 3, 1. The variable CURRENT IRV is an index into the sequence of
redundancy versions. This variable is up-dated modulo 4.

The Sidelink process is configured with a maximum number of HARQ retrans missions by RRC: numRetx.

If the Sidelink HARQ Entity requests a new transmission, the Sidelink process shall:
- set CURRENT TX NBto0;
- set CURRENT IRV to 0;
- storethe MACPDU in the associated HARQ buffer;
- storethe grant received fromthe Sidelink HARQ Entity;

- generateatransmissionas described below.

If the Sidelink HARQ Entity requests a retransmission, the Sidelink process shall:
- increment CURRENT TX NBby 1;

- generateatransmissionas described below.

To generatea transmission, the Sidelink process shall:
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- if there is no uplink transmission, no transmission or reception on PSCCH, and no transmission or reception on
PSSCH at the time of the transmission; or

- if thereis a Sidelink Discovery Gap for Transmission at the time oftransmission:

- instruct the physical layerto generatea transmissionaccording to the grant with theredundancy version
corresponding tothe CURRENT IRV value.

- increment CURRENT IRV by 1.

Afterperforming above actions, the Sidelink process then shall:
- if CURRENT TX NB=numRetx:
- flush the HARQ buffer.

5.15.2 SL-DCH data reception

5.15.21 Sidelink HARQ operation

5.15.2.1.1 Sidelink HARQ Entity

There is one Sidelink HARQ Entity at the MA Centity forreceptionon the SL-DCH which maintains a number of
parallel Sidelink processes. The Sidelink HARQ Entity directs HARQ informationand associated TBs received on the

SL-DCH to the corresponding Sidelink processes.
The number ofreceiving Sidelink processes per Sidelink HARQ Entity is specified in [8§].

Foreach subframe ofthe SL-DCH, the Sidelink HARQ Entity shall:
- receive the TBand the associated HARQ information fromthe physical layer;

- if this subframe corresponds to a new transmission opportunity:

- allocate the received TB (if any) and the associated HARQ information to a non-running Sidelink process
and consider this transmissionto be a new transmission.

- else,if this subframe corresponds to a retransmis sion opportunity:
- allocate the received TB (if any) and the associated HARQ information to its Sidelink process and consider
this transmission to be a retransmission.
5.15.2.1.2 Sidelink process

Foreach subframe where a transmission takes place forthe Sidelink process, one TBand the associated HARQ
information is received fromthe Sidelink HARQ Entity.

The sequenceofredundancy versionsis 0,2, 3, 1. The variable CURRENT IRV is an index into the sequence of
redundancy versions. This variable is updated modulo 4.

The Sidelink process shall:
- if this subframe corresponds to a new transmis sion opportunity:
- set CURRENT IRV to0;
- else, if this subframe corresponds to a retransmis sion opportunity:
- increment CURRENT IRV by 1.

- if aTB was allocatedto the Sidelink process:
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- if this is anew transmission:

- optionally store the received data in the soft bufferand attempt to decode thereceived data according to
the CURRENT _IRV.

- elseifthis is a retransmission:

- if the data forthis TBhas not yetbeensuccessfully decoded:

- optionally combine thereceived data with the datacurrently in the soft buffer for this TBand attempt
to decodethe combined data according tothe CURRENT _IRV.

- if the data which the MAC entity attempted to decode was successfully decoded forthis TB:
- if this is the first successful decoding of the dataforthis TB:

- deliverthe decoded MACPDU to upper layers.

516 SL-BCH data transfer

5.16.1 SL-BCH data transmission
When instructedto send SL-BCH, the MA C entity shall:
- obtain the MACPDU to transmit from SBCCH,;

- deliverthe MACPDU to the physical layerand instruct it to generate a transmis sion.

5.16.2 SL-BCH data reception
When the MA Centity needs to receive SL-BCH, the MA Centity shall:
- receive and attempt to decodethe SL-BCH;
- if aTB on the SL-BCH has been successfully decoded:
- deliverthe decoded MACPDU to upperlayers.

6 Protocol Data Units, formats and parameters

6.1 Protocol Data Units
6.1.1 General

A MACPDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. In the figures in subclause 6.1, bit
strings are represented by tables in which the most significant bit is the leftmost bit ofthe first line ofthe table, the least
significant bit is the rightmostbit on thelast line ofthe table, and more generally thebit stringis to be read fromleft to
right and then in the reading order ofthe lines. The bit order of each parameter field withina MACPDU is represented

with the first and most significant bit in the leftmostbit and the last and least significant bit in the rightmostbit.

MACSDUEs are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. An SDU is included intoa MACPDU
fromthe first bit onward.

The MACentity shallignore the value of Reserved bits in downlink MACPDU:s.
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6.1.2 MAC PDU (DL-SCH and UL-SCH except transparent MAC and
Random Access Response, MCH)

A MACPDU consists ofa MACheader, zero ormore MAC Service Data Units (MAC SDU), zero, or more MAC
controlelements, and optionally padding; as described in Figure 6.1.2-3.

Both the MACheaderandthe MACSDUs are of variable sizes.

A MACPDU headerconsists of one ormore MACPDU subheaders; each subheader corresponds to eithera MAC
SDU, a MACcontrol element or padding.

A MACPDU subheader consists ofthe five orsix header fields R/F2/E/LCID/(F)/Lbut forthe last subheader in the
MACPDU and for fixed sized MAC controlelements. The last subheaderin the MAC PDU and subheaders for fixed
sized MACcontrol elements consistsolely ofthe fourheader fields R/F2/E/LCID. A MACPDU subheader

corresponding to padding consists ofthe fourheader fields R/F2/E/LCID.

R|F2]E LCID Oct 1 R|F2| E LCID Oct 1
F L Oct 2 F L Oct 2
L Oct 3
R/F2/E/LCID/F/L sub-header R/F2/E/LCID/F/L sub-header
with 7-bits L field with 15-bits L field

Figure 6.1.2-1: R/IF2/E/LCID/F/L MAC subheader

!
E ‘ LCID Oct 1

R | F2
L Oct 2
L Oct 3

R/F2/E/LCID/L sub-header with 16-
bits L field

Figure 6.1.2-1a: R/F2/E/LCID/L MAC subheader

R|F2|E LCID Oct 1

R/F2/E/LCID sub-header
Figure 6.1.2-2: R/F2/E/LCID MAC subheader

MACPDU subheaders have the same order as the corresponding MA C SDUs, MAC control elements and padding.
MAC control elements are always placed before any MAC SDU.

Padding occurs at theend ofthe MACPDU, except when single-byte or two-byte padding is required. Padding may
have any value andthe MAC entity shallignore it. When padding is performed at theend ofthe MACPDU, zero or

more paddingbytes are allowed.

When single-byte or two-byte padding is required, one or two MAC PDU subheaders corresponding to padding are
placed at the beginningofthe MAC PDU before any other MAC PDU subheader.

A maximum of one MACPDU can be transmitted per TB per MA Centity. A maximum ofone MCHMACPDU can
be transmitted per TTL.
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R/F2/E/LCID R/F2/E/LCID R/F2/E/LCID/F/L | R/F2/E/LCID/F/L . R/F2/E/LCID/F/L R/F2/E/LCID
sub-header sub-header sub-header sub-header sub-header padding sub-header
MAC Control | MAC Control Paddin
MAC header MACSDU | --- | MAC SDU 9
element 1 element 2 (opt)

<4— ———MACpayload—————

Figure 6.1.2-3: Example of MAC PDU consisting of MAC header, MAC control elements, MAC SDUs
and padding

6.1.3 MAC Control Elements

6.1.3.1 Buffer Status Report MAC Control Elements
Buffer Status Report (BSR) MA C control elements consistofeither:

- Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field (figure
6.1.3.1-1); or

- Long BSR format: four Buffer Size fields, correspondingto LCG IDs #0 through#3 (figure 6.1.3.1-2).
The BSR formats are identified by MA CPDU subheaders with LCIDs as specified in table 6.2.1-2.
The fields LCG ID and Buffer Size are defined as follow:

- LCG ID: The Logical Channel Group ID field identifies the group oflogical channel(s) which buffer status is
being reported. Thelength ofthe field is 2 bits;

- Buffer Size: The Buffer Size field identifies the totalamount of dataavailable across all logical channels ofa
logicalchannel group afterall MACPDUs forthe TTThave been built. The amountofdata is indicated in
number ofbytes. It shallinclude all data thatis available for transmission in the RLC layerand in the PDCP
layer; the definition of what data shall be considered as available for transmission s specified in [3] and [4]
respectively. The size ofthe RLC and MA Cheaders are not considered in the buffer size computation. The
length of'this field is 6 bits. If extendedBSR-Sizes is not configured, the values taken by the Buffer Size field are
shown in Table 6.1.3.1-1. If extendedBSR-Sizes is configured, the values taken by the Buffer Size field are
shown in Table 6.1.3.1-2.

LCGID Buffer Size Oct 1

Figure 6.1.3.1-1: Short BSR and Truncated BSR MAC control element

. Buffer
Buffer Size #0 Size #1 Oct 1
Buffer Size #1 Buffer Size #2 Oct 2
Buffer .
Size #2 Buffer Size #3 Oct 3

Figure 6.1.3.1-2: Long BSR MAC control element
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Table 6.1.3.1-1: Buffer size levels for BSR

Index | Buffer Size (BS) value [bytes] | Index | Buffer Size (BS) value [bytes]
0 BS=0 32 1132 < BS <= 1326
1 0<BS <= 10 33 1326 < BS <= 1552
2 10 <BS <= 12 34 1552 < BS <= 1817
3 12 <BS <= 14 35 1817 < BS <= 2127
4 14 <BS <= 17 36 2127 < BS <= 2490
5 17 <BS <= 19 37 2490 < BS <= 2915
6 19 <BS <= 22 38 2915 < BS <= 3413
7 22 <BS <= 26 39 3413 < BS <= 3995
8 26 <BS <= 31 40 3995 < BS <= 4677
9 31 <BS <= 36 41 4677 < BS <= 5476
10 36 <BS <= 42 42 5476 < BS <= 6411
11 42 <BS <= 49 43 6411 < BS <= 7505
12 49 <BS <= 57 44 7505 < BS <= 8787
13 57 <BS <= 67 45 8787 < BS <= 10287
14 67 <BS <= 78 46 10287 < BS <= 12043
15 78 <BS <= 91 47 12043 < BS <= 14099
16 91 <BS <= 107 48 14099 < BS <= 16507
17 107 < BS <= 125 49 16507 < BS <= 19325
18 125 < BS <= 146 50 19325 < BS <= 22624
19 146 < BS <= 171 51 22624 < BS <= 26487
20 171 < BS <= 200 52 26487 < BS <= 31009
21 200 < BS <= 234 53 31009 < BS <= 36304
22 234 < BS <= 274 54 36304 < BS <= 42502
23 274 < BS <= 321 55 42502 < BS <= 49759
24 321 <BS <= 376 56 49759 < BS <= 58255
25 376 < BS <= 440 57 58255 < BS <= 68201
26 440 < BS <= 515 58 68201 < BS <= 79846
27 515 < BS <= 603 59 79846 < BS <= 93479
28 603 < BS <= 706 60 93479 < BS <= 109439
29 706 < BS <= 826 61 109439 <BS <= 128125
30 826 < BS <= 967 62 128125 <BS <= 150000
31 967 < BS <=1132 63 BS > 150000

Table 6.1.3.1-2: Extended Buffer size levels for BSR

Index | Buffer Size (BS) value [bytes] | Index | Buffer Size (BS) value [bytes]
0 BS=0 32 4940 <BS <=6074
1 0<BS<=10 33 6074 <BS <=7469
2 10<BS<=13 34 7469 <BS <=09185
3 13<BS<=16 35 9185 <BS <=1129%4
4 16 <BS<=19 36 11294 < BS <= 13888
5 19 <BS<=23 37 13888 < BS <= 17077
3GPP
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6 23 <BS<=29 38 17077 < BS <=20999

7 29 <BS<=35 39 20999 < BS <=25822

8 35 <BS<=43 40 25822 <BS <=31752

9 43 <BS<=53 41 31752 < BS <=39045

10 53 <BS <=65 42 39045 < BS <=48012

11 65 <BS <=80 43 48012 < BS <=59039

12 80 <BS <=98 44 59039 < BS <= 72598

13 98 <BS <=120 45 72598 < BS <=89272

14 120 <BS <= 147 46 89272 < BS <= 109774
15 147 <BS <= 181 47 109774 <BS <= 134986
16 181 <BS <=223 48 134986 < BS <= 165989
17 223 <BS<=274 49 165989 <BS <=204111
18 274 <BS <= 337 50 204111 <BS <=250990
19 337 <BS<=414 51 250990 <BS <=308634
20 414 <BS <= 509 52 308634 <BS <=379519
21 509 <BS <= 625 53 379519 <BS <= 466683
22 625 <BS <= 769 54 466683 <BS <= 573866
23 769 <BS <= 945 55 573866 < BS <= 705666
24 945 <BS <= 1162 56 705666 < BS <=867737
25 1162 <BS <=1429 57 867737 <BS <=1067031
26 1429 <BS <=1757 58 1067031 <BS <= 1312097
27 1757 <BS <=2161 59 1312097 <BS <= 1613447
28 2161 <BS <=2657 60 1613447 < BS <= 1984009
29 2657 <BS <=3267 61 1984009 < BS <= 2439678
30 3267 <BS <=4017 62 2439678 < BS <= 3000000
31 4017 <BS <=4940 63 BS > 3000000

6.1.3.1a Sidelink BSR MAC Control Elements

Sidelink BSR and Truncated Sidelink BSR M A C control elements consist of one Destination Indexfield, one LCG ID
field and one corresponding Buffer Size field per reported target group.

The Sidelink BSR M A C control elements are identified by MACPDU subheaders with LCIDs as specified in table
6.2.1-2. They havevariable sizes.

Foreach included group, the fields are defined as follows (figures 6.1.3.1a-1and 6.1.3.1a-2):

- Destination Index: The Destination Indexfield identifies the ProSe Destination. The length ofthis field is 4 bits.
The value is set to theindexofthe destinationreported in destinationInfoList and if destinationInfo List UCis
also reported, the value is indexed sequentially across both lists specified in [8];

- LCG ID: The Logical Channel Group ID field identifies the group oflogical channel(s) which buffer status is
being reported. Thelength ofthe field is 2 bits;

- Buffer Size: The Buffer Size field identifies the totalamount of dataavailable across all logical channels ofa
LCG ofaProSe Destinationafterall MACPDU:s forthe TTI have beenbuilt. The amount of datais indicated in
numberofbytes. It shallinclude all data thatis available for transmission in the RLC layerand in the PDCP
layer; the definition of what data shall be considered as available for transmissionis specified in [3] and [4]
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respectively. The size ofthe RLC and MA Cheaders are not considered in the buffer size computation. The
length ofthis field is 6 bits. The values taken by the Buffer Size field are shown in Table 6.1.3.1-1;

- R:Reservedbit,setto"0".
Buffer Sizes of LCGs are included in decreasing order ofthe highest priority ofthe sidelink logical channel belonging
to the LCG irrespective ofthe value ofthe Destination Indexfield.

Destination index; | LCG ID, [ Buffer Size; | Oct 1

Buffer Size, Destination index, Oct 2

LCG ID, Buffer Size, Oct 3

Destination indexy.1 | LCG IDn | BufferSizen.s | Oct 1.5*N-2

Buffer Sizey. Destination indexy Oct 1.5*N-1
Oct 1.5*N

LCG IDy Buffer Sizey

Figure 6.1.3.1a-1: Sidelink BSR and Truncated Sidelink BSR MAC control element for even N

Destination index; | LCG ID; | Buffer Size; | Qct 1

Buffer Size; Destination index, Oct 2

LCG ID, Buffer Size, Oct 3

Destination indexy | LCG IDy | Buffer Sizen | Oct 1.5*N-0.5
Buffer Sizeyn R R R R Oct 1.5*N+0.5

Figure 6.1.3.1a-2: Sidelink BSR and Truncated Sidelink BSR MAC control element for odd N

6.1.3.2 C-RNTI MAC Control Element
The C-RNTI MA Ccontrolelement is identified by MAC PDU subheader with LCID as specified in table 6.2.1-2.

It has a fixed size and consists ofa single field defined as follows (figure 6.1.3.2-1):

C-RNTT: This field contains the C-RNTTofthe MACentity. Thelength ofthe field is 16 bits.

C-RNTI Oct 1

C-RNTI Oct 2

Figure 6.1.3.2-1: C-RNTI MAC control element

6.1.3.3 DRX Command MAC Control Element

The DRX Command M A Ccontrolelement is identified bya MA CPDU subheader with LCID as specified in table
6.2.1-1.
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It has a fixed size ofzero bits.

6.1.3.4 UE Contention Resolution Identity MAC Control Element

The UE Contention Resolution Identity MAC control element is identified by MAC PDU subheader with LCID as
specified in table 6.2.1-1. This control element has a fixed 48-bit size and consists ofa single fiecld defined as follows
(figure 6.1.3.4-1)

- UE Contention Resolution Identity: This field contains the uplink CCCH SDU if the uplink CCCH SDU is 48
bits long. Ifthe CCCH SDU is longerthan 48 bits, this field contains the first 48 bits ofthe uplink CCCH SDU.

UE Contention Resolution Identity Oct 1

UE Contention Resolution Identity Oct 2

UE Contention Resolution Identity Oct 3

UE Contention Resolution Identity Oct 4

UE Contention Resolution Identity Oct 5

UE Contention Resolution Identity Oct 6

Figure 6.1.3.4-1: UE Contention Resolution Identity MAC control element

6.1.3.5 Timing Advance Command MAC Control Element

The Timing Advance Command MAC control element is identified by MACPDU subheader with LCID as specified in
table 6.2.1-1.

It has a fixed size and consists ofa single octet defined as follows (figure 6.1.3.5-1):

- TAGIdentity (TAGId): This field indicates the TAGIdentity ofthe addressed TAG. The TA Gcontaining the
SpCell has the TAGIdentity 0. The length ofthe field is 2 bits;

- Timing Advance Command: This field indicates theindexvalue 74 (0, 1, 2... 63) used to control the amount of
timing adjustment that MAC entity has toapply (see subclause4.2.3 of [2]). The length ofthe field is 6 bits.

TAG Id

Timing Advance Command | Oct 1

Figure 6.1.3.5-1: Timing Advance Command MAC control element

6.1.3.6 Power Headroom Report MAC Control Element

The Power HeadroomReport (PHR) MAC control element is identified bya MACPDU subheader with LCID as
specified in table 6.2.1-2. It has a fixed size and consists ofa single octetdefined as follows (figure 6.1.3.6-1):

- R:reservedbit,setto "0";

- PowerHeadroom(PH): this field indicates the power headroomlevel. The length ofthe field is 6 bits. The
reported PH and the corresponding power headroomlevels are shownin Table 6.1.3.6-1 below (the
corresponding measured values in dB can be foundin subclause 9.1.8.4 of [9]).

‘R‘R‘ PH Oct 1

Figure 6.1.3.6-1: PHR MAC control element
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Table 6.1.3.6-1: Power Headroom levels for PHR

PH Power Headroom Level
POWER_HEADROOM 0

0

1 POWER_HEADROOM 1
2 POWER_HEADROOM _ 2
3 POWER_HEADROOM _ 3

60 POWER _HEADROOM 60

61 POWER_HEADROOM 61
62 POWER_HEADROOM 62
63 POWER_HEADROOM 63

6.1.3.6a Extended Power Headroom Report MAC Control Elements

ForextendedPHR, the Extended Power HeadroomReport (PHR) MA C control element is identified by a MACPDU
subheader with LCID as specified in table 6.2.1-2. It has a variable size and is defined in Figure 6.1.3.6a-2. When Type
2 PH is reported, theoctet containing the Type 2 PH field is included first after the octet indicating the presence of PH
per SCell and followed by an octet containing the associated Pcumax,c field (if reported). Then follows in ascending order
based onthe ServCellindex [8] an octet with the Type 1 PH field and an octet with the associated Pevax,c field (if
reported), forthe PCelland foreach SCell indicated in the bitmap.

ForextendedPHR2,the Extended Power HeadroomReport (PHR) MA C control elements are identified by a MACPDU
subheader with LCID as specified in table 6.2.1-2. They have variable sizes and are defined in Figure 6.1.3.6a-3, Figure
6.1.3.6a-4 and Figure 6.1.3.6a-5. One octet with Cfields is used forindicating the presence of PH per SCell when the
highestSCelllndex of SCell with configureduplinkis less than 8, otherwise four octets are used. When Type 2 PH is
reported forthe PCell, the octet containing the Type 2 PH field is included first after the octet(s) indicating the presence
of PH per SCell and followed by an octetcontaining the associated Pcmax . field (if reported). Then follows the Type 2
PH field for the PUCCH SCell (if PUCCH on SCell is configuredand Type 2PH is reported for the PUCCH SCell),
followed by an octet containing the associated Pevax ¢ field (if reported). Then follows in ascending order based on the
ServCelllndex [8] an octet with the Type 1 PH field and an octet with theassociated Pemax  field (if reported), forthe
PCell and foreach SCell indicated in the bitmap.

The Extended PHR M A C Control Elements are defined as follows:

- G this field indicates the presenceofa PH field forthe SCell with SCellIndex ias specified in [8]. The C; field
setto "1" indicates that a PH field forthe SCell with SCelllndex iis reported. TheCifield set to "0" indicates
that a PH field forthe SCell with SCelllndex iis not reported,

- R:reservedbit,setto"0";

- V: this field indicates ifthe PH value is based on a real transmission or a reference format. For Type 1 PH, V=0
indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2
PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used.
Furthermore, forboth Type 1 and Type 2 PH, V=0 indicates the presence ofthe octetcontaining theassociated
Pemax . field, and V=1 indicates thatthe octet containing the associated Povax ¢ field is omitted;

- PowerHeadroom(PH): this field indicates the power headroomlevel. The length ofthe field is 6 bits. The
reported PH and the corresponding power headroomlevels are shownin Table 6.1.3.6-1 (the corresponding
measured values in dBcan be foundin subclause 9.1.8.4 of [9]);

- P: this field indicates whether the MAC entity applies power backoff due to power management (as allowed by
P-MPR. [10]). The MA Centity shallset P=1 if the corresponding Pcmax,c field would have had a differentvalue
if no powerbackoffdueto powermanagementhad beenapplied;

- Poumax,: if present, this field indicates the Povax c or ﬁCM X

The reported Pcmax,c and the corresponding nominal UE transmit power levels are shownin Table 6.1.3.6a-1
(the corresponding measured values in dBm can be foundin subclause 9.6.1 of[9]).

[2] used for calculation ofthe preceding PH field.
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Figure 6.1.3.6a-1: Void

C;|Ce|Cs5|Cs|Cs|C|Ci| R
PV PH (Type 2, PCell)

R | R Pemaxc 1

PV PH (Type 1, PCell)
R|R Pemax.c 2

PV PH (Type 1, SCell 1)

R | R Pomax.c 3

P |V PH (Type 1, SCell n)
R|R Pemaxec m

Figure 6.1.3.6a-2: Extended PHR MAC Control Element

C;|Cs|Cs|Cs|Cs|Co|Ci| R
P| vV PH (Type 2, PCell)
R|R Pcwmax.c 1

P | V | PH(Type 2, PUCCH SCell)
R R PCMAX,C 2

P|V PH (Type 1, PCell)
R|R Pomax.c 3

Pl vV PH (Type 1, SCell 1)
R|R Pcwvax.c 4

PV PH (Type 1, SCell n)
R|R Pcumax.c m

Figure 6.1.3.6a1-3: Extended PHR MAC Control Element supporting PUCCH on SCell
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C;|GCs|Cs|Ca|Cs|C|Ci| R
Ci5|C14| Ci3|Ci2|Cy1|Cro| Co | Cs
C23 | Co2 | Ca1 | Coo | Cig | Cis | Ci7 | Cus
Cs1 | Cs0| Cag | Cas | Co7 | Co6 | Cos | Coa
PV PH (Type 2, PCell)

R | R Pemax.c 1

P |V PH (Type 1, PCell)
R|R Pcmax.c 2

PV PH (Type 1, SCell 1)

R [ R Pemaxc 3

PV PH (Type 1, SCell n)

R|R Pcmax,c m

3GPP TS 36.321 V13.2.0 (2016-06)

Figure 6.1.3.6a2-4: Extended PHR MAC Control Element supporting 32 serving cells with configured

uplink

C;|Cs|Cs|[Cs|Cs|C|Ci| R
Ci5|C1a | Ci3|[Ci2|Cy1|Cro| Co | Cs
C23 | Ca2| Ca1 [ Cao [ Cio [ Cis | Ci7 | Crs
C31| C30| Cao | Cas | Ca7 | Ca6 | Cas | Caa
PV PH (Type 2, PCell)
R|R Pemax.c 1

P | V | PH(Type2, PUCCH SCell)
R | R Pemaxc 2

PV PH (Type 1, PCell)

R | R Pcmax.c 3

PV PH (Type 1, SCell 1)

R|R Pomaxc 4

PV PH (Type 1, SCell n)

R | R Pcumax,c m

Figure 6.1.3.6a3-5: Extended PHR MAC Control Element supporting 32 serving cells with configured
uplink and PUCCH on SCell
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Table 6.1.3.6a-1: Nominal UE transmit power level for Extended PHR and for Dual Connectivity PHR

Pcmax.c Nominal UE transmit powerlevel
0 PCMAX_C_00
1 PCMAX_C_01
2 PCMAX_C_02
61 PCMAX_C_61
62 PCMAX_C_62
63 PCMAX_C_63

6.1.3.6b Dual Connectivity Power Headroom Report MAC Control Element

The Dual Connectivity Power HeadroomReport (PHR) M A C control element is identified by a MACPDU subheader
with LCID as specified in table 6.2.1-2. It has a variable size and is defined in Figure 6.1.3.6b-1 and Figure 6.1.3.6b-2.
One octet with Ci fields is used for indicating the presence of PH per SCell when the highest SCelllndex of SCell with
configureduplinkis less than 8, otherwise four octets are used. When Type 2 PH is reported for the PCell, the octet
containingthe Type 2 PH field is included first after the octet(s) indicating the presence of PH percell (PSCell and all
SCells ofall MA Centities) and followed by an octet containing the associated Pemax c field (if reported). Thenafter
that, when Type 2 PH s reported forthe PSCell, the octet containing the Type 2 PH field is included followed by an
octet containing the associated Pemax ¢ field (if reported). Then follows in ascending order based onthe ServCelllndex
[8] an octet with the Type 1 PH field and an octet with theassociated Pcmax c field (if reported), forthe PCelland forall
otherserving cells ofall MA Centities indicated in the bitmap.

The Dual Connectivity PHR M A C Control Element is defined as follows:

Ci: this field indicates thepresenceofa PH field forthe serving cellofany M A Centity, except the PCell, with
SCelllndex ias specified in [8]. The C; field setto " 1" indicates thata PH field for the serving cell with
SCelllndex iis reported. The Cifield set to "0" indicates that a PH field for the serving cell with SCellIndexiis

not reported;
R: reservedbit,setto "0";

V: this field indicates ifthe PH value is based on a real transmission or a reference format. For Type 1 PH, V=0
indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2
PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used.
Furthermore, forboth Type 1 and Type 2 PH, V=0 indicates the presence ofthe octetcontaining theassociated
Pcmax c field, and V=1 indicates thatthe octet containing the associated Pcvax ¢ field is omitted;

Power Headroom (PH): this field indicates the power headroomlevel. The length ofthe field is 6 bits. The
reported PH and the corresponding power headroomlevels are shownin Table 6.1.3.6-1 (the corresponding
measured values in dBcan be foundin subclause 9.1.8.4 of [9]);

P: this field indicates whether power backoffdue topower management is applied (as allowed by P-MPR. [10]).
The MA Centity shall set P=1 if the corresponding Pcmax,c field would have had a different value ifno power
backoffdue to power management had been applied;

Pemaxc: if present, this field indicates the Pevax . or }N)CM .x . [2] used for calculation of the preceding PH field.

The reported Pomax,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.6a-1
(the corresponding measured values in dBm can be found in subclause 9.6.1 0£[9]).
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C/|Ce|[Cs5|[Cs|Cs|C|Ci| R
PV PH (Type 2, PCell)
R|R Pemax.c 1

P |V PH (Type 2, PSCell)
R|R Pemax.c 2

PV PH (Type 1, PCell)

R | R Pemaxc 3

PV PH (Type 1, Serving Cell 1)
R|R Pcumaxc 4

PV PH (Type 1, Serving Cell n)
R [ R Pcmax.c m

Figure 6.1.3.6b-1: Dual Connectivity PHR MAC Control Element

C;[Ce|Cs|Cs|Cs|C|Cy| R
Ci5 | C1a [ Ci3 | Ci2 [ Ci1 | Cio | Co | Cs
C23 | C22 | C21 | C2 | C19 | C1g| Ci7| Cis
Cs1| Ca0| Coo | Cos | Co7 | Co6 | Cos5 | Coa
P|v PH (Type 2, PCell)

R | R Pemaxc 1

P|v PH (Type 2, PSCell)
R|R Povax.c 2

P|v PH (Type 1, PCell)
R|R Pomaxc 3

P |V PH (Type 1, Serving Cell 1)
R | R Pcmaxc 4

P | V | PH(Type 1, Serving Cell n)

R | R Pcmaxc M

Figure 6.1.3.6b-2: Dual Connectivity PHR MAC Control Element supporting 32 serving cells with
configured uplink

6.1.3.7 MCH Scheduling Information MAC Control Element

The MCH Scheduling Information M A C Control Element illustrated in Figure 6.1.3.7-1 is identified by a MACPDU
subheader with LCID as specified in Table 6.2.1-4. This controlelement has a variable size. Foreach MTCH the fields

beloware included:
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- LCID: this field indicates the Logical Channel ID of the MTCH. The length ofthefield is 5 bits;

- Stop MTCH: this field indicates the ordinal number of the subframe within the MCH scheduling period,
counting only the subframes allocated to the MCH, where the corresponding MTCH stops. Value 0 corres ponds
to the first subframe. The length ofthe field is 11 bits. The special Stop MTCH value 2047 indicates that the
corresponding MTCH is not scheduled. The valuerange 2043 to 2046 is reserved.

LCID 1 Stop MTCH1 | Oct 1
Stop MTCH 1 Oct 2

LCID 2 ‘ Stop MTCH2 | Oct 3
Stop MTCH 2 Oct 4

LCID n ‘ Stop MTCHn | Oct 2n-1
Stop MTCH n ‘ Oct 2n

Figure 6.1.3.7-1: MCH Scheduling Information MAC control element

6.1.3.7a Extended MCH Scheduling Information MAC Control Element

The Extended MCH Scheduling Information MAC control element illustrated in Figure 6.1.3.7-2 is identified by a
MACPDU subheader with LCID as specified in Table 6.2.1-4. This control element has a variable size.

Foreach MTCH the fields below are included:

- LCID: this field indicates the Logical Channel ID of the MTCH. The length ofthefield is 5 bits;

- Stop MTCH: this field indicates the ordinalnumber ofthe subframe within the MCH scheduling period,
counting only the subframes allocated to the MCH, where the corresponding MTCH stops. Value 0 corres ponds
to the first subframe. The length ofthe field is 11 bits. The special Stop MTCH value 2047 indicates that the
corresponding MTCH is not scheduled. The valuerange 2043 to 2046 is reserved.

Foreach MTCH the fields below may be included:

- LCID: this field indicates the Logical Channel ID of the MTCH. The length ofthefield is 5 bits. LCIDs x...x+y
shallbe equalto orasubsetofthe LCIDs 1...n;

- S: this field indicates that the transmission ofthe corresponding M TCH is to be suspended. The S field is set to
000. All othervalues are reserved.
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| | | | | | | | |
I I I I I I I I 1
LCID 1 Stop MTCH 1 | Oct 1
Stop MTCH 1 ‘ Oct 2
LCID 2 ‘ Stop MTCH 2 ’ Oct 3
Stop MTCH 2 ‘ Oct 4
LCID n ‘ Stop MTCHn | Oct 2n-1
Stop MTCH n Oct 2n
LCID x S x Oct 2n+1
LCID x+y ‘ S x+y Oct 2n+1+y

Figure 6.1.3.7a-1: Extended MCH Scheduling Information MAC control element

6.1.3.8 Activation/Deactivation MAC Control Elements

The Activation/Deactivation MAC control element ofone octet is identified by a MACPDU subheader with LCID as
specified in table 6.2.1-1. It has a fixed size and consists ofa single octetcontaining seven C-fields and one R-field. The
Activation/Deactivation MAC control element with one octet is definedas follows (figure 6.1.3.8-1).

The Activation/Deactivation MAC control element of four octets is identified by a MACPDU subheader with LCID as
specified in table 6.2.1-1. It has a fixed size and consists ofa fouroctets containing 31 C-fields and one R-field. The

Activation/Deactivation MAC control element of four octets is defined as follows (figure 6.1.3.8-2).

Forthe case with no serving cell with a ServCelllndex [8] larger than 7, A ctivation/Deactivation MAC control element
of one octetis applied, otherwise A ctivation/Deactivation MAC control element of four octets is applied.

- G if there is an SCell configured with SCelllndex ias specified in [8], this field indicates the
activation/deactivation status ofthe SCell with SCelllndex i, else the MA Centity shall ignore the C; field. The
C; field is setto " 1" to indicatethat the SCell with SCelllndex ishallbe activated. The C;field is setto "0" to

indicate that the SCell with SCellIndexishallbe deactivated;

- R: Reserved bit,setto “0”.

C1 R ‘ Oct 1

Cz

Cs| Cs| Cs|Cs

o

Figure 6.1.3.8-1: Activation/Deactivation MAC control element of one octet

C7 Ce C5 C4 C3 Cz C1 R Oct 1

Ci5| C14 | Cq3 | C12| Cq1 [Cro| Co | Cg | Oct2

Czs Caz | C2 Czo C19 C18 Cq7 C1e Oct 3

C31| C30 | Ca9 | Ca8 | C27 | Ca6 | Cos | Cos | Oct 4

Figure 6.1.3.8-2: Activation/Deactivation MAC control element of four octets

6.1.3.9 Long DRX Command MAC Control Element

The Long DRX Command MA Ccontrol element is identified by a MACPDU subheader with LCID as specified in
table 6.2.1-1.
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It has a fixed size ofzero bits.

6.1.3.10 Data Volume and Power Headroom Report MAC Control Element

The Data Volume and Power HeadroomReport (DPR) MA Ccontrol element is identified by the MACPDU subheader
used forthe CCCHMAC SDU, as specified in table 6.2.1-2. It does not add any additional subheaderandis always

placed before the CCCHMACSDU.
It has a fixed size and consists ofa single octetdefined as follows (figure 6.1.3.10-1):

- Data Volume (DV): The Data Volume field identifies the total amount of dataavailable across all logical
channels and ofdata not yet associated with a logical channel afteral MACPDUs for the TTThave been built.
The amount of data is indicated in number ofbytes. It shallinclude alldata thatis available for transmission in
the RLC layer, in the PDCP layer, and in the RRC layer; the definition of what data shallbe considered as
available fortransmissionis specified in [3], [4] and [8] respectively. Thesize ofthe RLC and MACheaders are
not considered in the buffer size computation. The length ofthis field is 4 bits. The values takenby the Data
Volume field are shown in Table 6.1.3.10-1;

- PowerHeadroom(PH): This field indicates thepower headroomlevel. The lengthofthe field is 2 bits. The
reported PH and the corresponding power headroomlevels are shownin Table 6.1.3.10-2 below (the

corresponding measured values in dB can be foundin [9]);

- R:reservedbit,setto "0".

R|R PH DV Oct 1

Figure 6.1.3.10-1: Data Volume and Power Headroom Re port MAC control element

Table 6.1.3.10-1: Data Volume levels for DV

Index | Data Volume (DV) value [bytes] | Index | Data Volume (DV) value [bytes]

0 DV =0 8 67 <DV <= 91

1 0<DV <=10 9 91 <DV <= 125

2 10 <DV <= 14 10 125 < DV <= 171

3 14 <DV <=19 11 171 < DV <= 234

4 19 <DV <= 26 12 234 < DV <= 321

5 26 <DV <= 36 13 321 <DV <= 768

6 36 <DV <= 49 14 768 < DV <= 1500

7 49 <DV <= 67 15 DV > 1500

Table 6.1.3.10-2: Power Headroom levels for PH

PH Power Headroom Level
0 POWER_HEADROOM 0
1 POWER_HEADROOM 1
2 POWER HEADROOM 2
3 POWER_HEADROOM 3

6.1.4  MAC PDU (transparent MAC)

A MACPDU consists solely ofa MAC Service Data Unit (MAC SDU) whose size is aligned to a TB; as described in
figure 6.1.4-1. This MACPDU is used for transmissions on PCH, BCH, DL-SCH including BCCH, BR-BCCH, SL-

DCH and SL-BCH.
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MAC SDuU

<4 MACPDU—"———P>

Figure 6.1.4-1: Example of MAC PDU (transparent MAC)

6.1.5 MAC PDU (RandomAccess Response)

A MACPDU consists ofaMACheaderandzero ormore MACRandomAccess Responses (MACRAR)and
optionally padding as described in figure 6.1.5-4.

The MACheaderis ofvariable size.

A MACPDU headerconsists of one ormore MACPDU subheaders; each subheader correspondingtoa MACRAR
except forthe BackoffIndicator subheader. Ifincluded, the Backoff Indicator subheaderis only included once and is
the first subheader included within the MACPDU header.

A MACPDU subheader consists of the threeheader fields E/T/RAPID (as described in figure 6.1.5-1) but forthe
BackoffIndicator subheader which consists ofthe five header field E/T/R/R/BI (as described in figure 6.1.5-2).

A MACRAR consists ofthe four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI (as described in
figures 6.1.5-3 and 6.1.5-3a). For BL UEs and UEs in enhanced coveragein enhanced coverage level2or3 (see
subclause 6.21in [2]) the MACRAR in figure 6.1.5-3a is used, otherwisethe MACRAR in figure 6.1.5-3 is used.

Padding may occurafterthe last MACRAR. Presence and length of padding is implicit based on TBsize, size of MAC
headerand number ofRARs.

T RAPID Oct 1

Figure 6.1.5-1: E/T/RAPID MAC subheader

Bl Oct 1

Figure 6.1.5-2: E/T/R/R/BI MAC subheader

R Timing Advance Command Oct 1
g Advare ULGrant | Oct2
UL Grant Oct 3

UL Grant Oct4

Temporary C-RNTI Oct5
Temporary C-RNTI Oct 6

Figure 6.1.5-3: MAC RAR
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R Timing Advance Command Oct 1
Timing Advance

Command UL Grant Oct 2

UL Grant Oct3

Temporary C-RNTI Oct4

Temporary C-RNTI Oct5

Figure 6.1.5-3a: MAC RAR for PRACH enhanced coverage level 2 or 3

E/T/RIR/BI E/T/RAPID E/T/RAPID E/T/RAPID
subheader subheader 1 subheader 2 LR subheader n

Padding

MAC header MAC RAR 1 | MAC RAR 2 e MAC RAR n (opt)

<4——————MAC payload———>>

Figure 6.1.54: Example of MAC PDU consisting of a MAC header and MAC RARs

6.1.6 MAC PDU (SL-SCH)

A MACPDU consists ofa MACheader, one ormore MA C Service Data Units (MAC SDU), and optionally padding;
as described in Figure 6.1.6-4.

Both the MACheaderandthe MAC SDUs are of variable sizes.

A MACPDU header consists of one SL-SCH subheader, one ormore MACPDU subheaders; each subheader except
SL-SCH subheader corresponds to eithera MACSDU orpadding.

The SL-SCH subheader consists of the seven header fields V/R/R/R/R/SRC/DST.

A MACPDU subheader consists of the sixheader fields R/R/E/LCID/F/Lbut for the last subheader in the MACPDU.
The last subheader in the MACPDU consists solely ofthe four header fields R/R/E/LCID. A MACPDU subheader
corresponding to padding consists ofthe fourheader fields R/R/E/LCID.

R|R|E LCID Oct 1 R|R|E LCID Oct 1
F ‘ L ‘ Oct 2 F L Oct 2
L Oct 3
R/R/E/LCID/F/L sub-header with R/R/E/LCID/F/L sub-header with
7-bits L field 15-bits L field

Figure 6.1.6-1: R/R/E/LCID/F/L MAC subheader
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R/R/E/LCID sub-header

Figure 6.1.6-2: R/R/E/LCID MAC subheader

[ | |

[
\% R|R|R|R Oct 1
Oct 2
SRC Oct 3
Oct 4
Oct 5

DST

Oct 6

Figure 6.1.6-3: SL-SCH MAC subheader

MACPDU subheaders have the same order as the corresponding MAC SDUs and padding.

Padding occurs at theend ofthe MACPDU, except when single-byte or two-byte padding is required. Padding may
have any value andthe MAC entity shallignore it. When padding is performed at theend ofthe MAC PDU, zero or
more paddingbytes are allowed.

When single-byte ortwo-byte padding is required, one or two MACPDU subheaders corresponding to padding are
placed afterthe SL-SCH subheaderandbeforeany other MAC PDU subheader.

A maximum of one MACPDU can be transmitted per TB.

SL-SCH R/R/E/LCID/F/L R/R/E/LCID/F/L . R/R/E/LCID/F/L R/R/E/LCID padding
sub-header sub-header sub-header sub-header sub-header
e
| 7
-
| s
e
| e
-
| -
e
| -
-
| 7
| -
| -
I 7 <
| Pid
Paddin
MAC header MAC SDU | .-+ | MAC SDU (opt) 9

<«4——MAC payload———>

Figure 6.1.6-4: Example of MAC PDU consisting of MAC header, MAC SDUs and padding

6.2 Formats and parameters

6.2.1 MAC header for DL-SCH, UL-SCH and MCH

The MACheaderis of variable size and consists ofthe following fields:
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LCID: The Logical Channel ID field identifies the logical channelinstance ofthe corresponding MAC SDU or
the type ofthe corresponding MAC control element or padding as described in tables 6.2.1-1, 6.2.1-2 and 6.2.1-4
for the DL-SCH, UL-SCH and MCH respectively. Thereis one LCID field for each MACSDU,MAC control
element or padding included in the MACPDU. In addition to that, one or two additional LCID fields are
included in the MACPDU, when single-byte or two-byte padding is required but cannotbe achieved by padding
atthe end ofthe MACPDU. A UE of Category 0[12] shallindicate CCCH using LCID "01011", otherwise the
UE shallindicate CCCH using LCID "00000". The LCID field size is 5 bits;

L: The Length field indicates thelength ofthe corresponding M AC SDU or variable-sized MAC control element
in bytes. There is oneLfield per MACPDU subheader except for the lastsubheader and subheaders
corresponding to fixed-sized MA C control elements. The size ofthe L field is indicated by theF field and F2
field;

F: The Format field indicates thesize ofthe Length field as indicated in table 6.2.1-3. There is one F field per
MACPDU subheader except for the last subheader and subheaders corresponding to fixed-sized MA C control
elements and exceptforwhen F2is setto 1. The size ofthe F field is 1 bit. If the F field is included; ifthe size of
the MACSDU or variable-sized MAC control element is less than 128 bytes, the value ofthe F field is set to 0,
otherwiseitis setto 1;

F2: The Format2 field indicates the size ofthe Length field as indicated in table 6.2.1-3. There is one F2 field per
MACPDU subheader. The size ofthe F2 field is 1 bit. If the size ofthe MAC SDU or variable-sized MAC
controlelement is larger than 32767 bytes, and ifthe corresponding subheader is not thelast subheader, the
value ofthe F2 field is setto 1, otherwise itis setto 0.

E: The Extension field is a flag indicating if more fields are present in the MACheader ornot. The Efield is set
to "1" to indicate another set ofat least R/F2/E/LCID fields. The E field is setto "0" to indicate that eithera

MACSDU, a MACcontrol element or padding starts at thenext byte;

R: Reserved bit,set to "0".

The MACheaderand subheaders are octetaligned.

Table 6.2.1-1 Values of LCID for DL-SCH

Index LCID values
00000 CCCH
00001-01010 Identity of the logical channel
01011-10111 Reserved
11000 Activation/Deactivation (4 octets)
11001 SC-MCCH, SC-MTCH (see note)
11010 Long DRX Command
11011 Activation/Deactivation (1 octet)
11100 UE Contention Resolution Identity
11101 Timing Advance Command
11110 DRX Command
11111 Padding
NOTE: Both SC-MCCH and SC-MTCH cannot be
multiplexed w ith other logical channels in the same
MAC PDU except for Padding

ForNB-IoT only the following LCID values for DL-SCH are applicable: CCCH, Identity ofthe logical channel, UE
Contention Resolution Identity, Timing Advance Command, DRX Command and Padding.
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Table 6.2.1-2 Values of LCID for UL-SCH

Index LCID values

00000 CCCH
00001-01010 Identity of the logical channel

01011 CCCH
01100-10101 Reserved

10110 Truncated Sidelink BSR

10111 Sidelink BSR

11000 Dual Connectivity Pow er

Headroom Report

11001 Extended Pow er Headroom Report

11010 Pow er Headroom Report

11011 C-RNTI

11100 Truncated BSR

11101 Short BSR

11110 Long BSR

11111 Padding

ForNB-IoT only the following LCID values for UL-SCH are applicable: CCCH (LCID "00000"), Identity ofthe logical
channel, C-RNTI, Short BSR and Padding.

Table 6.2.1-3 Values of F and F2 fields:

Index of F2 Index of F Size of Length field (in bits)
0 0 7

1 15

1 - 16

Table 6.2.1-4 Values of LCID for MCH

Index LCID values
00000 MCCH (see note)
00001-11100 MTCH
11101 Reserved
11110 MCH Scheduling Information or
Extended MCH Scheduling
Information

11111 Padding

NOTE: If there is no MCCH on MCH, an
MTCH could use this value.

6.2.2 MAC headerfor Random Access Response

The MACheaderis of variable size and consists ofthe following fields:

- E: The Extension field is a flag indicating if more fields are present in the MACheaderornot. TheEfield is set
to "1" to indicate at leastanother set of E/'T/RAPID fields follows. The Efield is setto "0" to indicate thata
MACRARor paddingstarts at thenext byte;

- T:TheTypefieldis a flag indicating whether the M ACsubheader contains a Random A ccess ID ora Backoff
Indicator. The T field is set to “0” to indicate the presence of a BackoffIndicator field in the subheader (BI). The

T field is set to “1” to indicate the presence ofa Random A ccess Preamble ID field in the subheader (RAPID);
- R:Reservedbit,setto"0";
- BI: The BackoffIndicator field identifies the overload condition in the cell. The size of the BI field is 4 bits;

- RAPID: The Random A ccess Preamble [Dentifier field identifies the transmitted Random A ccess Preamble (see
subclause 5.1.3). The size of the RAPID field is 6 bits.
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The MACheaderand subheaders are octetaligned.

6.2.3 MAC payload for Random Access Response

The MACRAR s of fixed size and consists ofthe following fields:

R: Reserved bit,setto "0";

Timing Advance Command: The Timing Advance Command field indicates theindexvalue 7,4 (0, 1, 2... 1282)
used to control the amountof timing adjustment that the MAC entity has to apply (see subclause 4.2.3 of[2]).
The size of the Timing Advance Command field is 11 bits;

UL Grant: The Uplink Grant field indicates the resources to be used on the uplink (see subclause 6.2 of[2]). The
size ofthe UL Grant field is 20 bits, except for BL UEs and UEs in enhanced coverage in enhanced coverage
level2 or3, where the size ofthe UL grant field is 12 bits.

Temporary C-RNTIL: The Temporary C-RNTTI field indicates the temporary identity that is used by the MAC
entity during Random A ccess. The size ofthe Temporary C-RNTI field is 16 bits.

The MACRAR s octet aligned.

6.2.4 MAC header for SL-SCH

The MACheaderis of variable size and consists ofthe following fields:

V: The MACPDU format version number field indicates which version ofthe SL-SCH subheader is used. In this
version ofthe specification two format versions are defined, and this field shall thereforebe setto "0001" or
"0010". The V field size is 4 bits;

SRC: The Source Layer-2 ID field carries the identity ofthe source. It is set to the ProSe UEID. The SRC field
size is 24 bits;

DST: The DST field carries the 16 most significantbits ofthe Destination Layer-2 ID. The Destination Layer-2
ID is setto the ProSe Layer-2 Group ID or Prose UEID. Ifthe V field is set to "0001", this identifieris a
groupcast identifier. Ifthe V field is set to "0010", this identifieris a unicastidentifier;

LCID: The Logical ChannelID field uniquely identifies the logical channel instance within thescope ofone
Source Layer-2 ID and Destination Layer-2 ID pair of the corresponding MAC SDU or padding as described in
table 6.2.4-1. There is one LCID field for each MACSDU orpadding included in the MACPDU. In addition to
that, one ortwo additional LCID fields are included in the MACPDU, when single-byte or two-bytepadding is
required but cannotbe achieved by padding at theend ofthe MACPDU. The LCID field size is 5 bits;

L: The Length field indicates the length ofthe corresponding MAC SDU in bytes. There is oneL field perMAC
PDU subheaderexcept forthe lastsubheader. The size ofthe Lfield is indicated by theF field;

F: The Format field indicates thesize ofthe Length field as indicated in table 6.2.4-2. There is one F field per
MACPDU subheader except forthe last subheader. The size ofthe F field is 1 bit. If the size ofthe MAC SDU

is less than 128 bytes, the value ofthe F field is set to 0, otherwiseitis setto 1;

E: The Extension field is a flag indicating if more fields are present in the MACheaderornot. TheEfield is set
to"1" to indicate anotherset ofat least R/R/E/LCID fields. The E field is set to "0" to indicate that eithera MAC
SDU or padding starts at the next byte;

R: Reserved bit,set to "0".

The MACheaderand subheaders are octetaligned.
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Table 6.2.4-1 Values of LCID for SL-SCH

Index LCID values
00000 Reserved
00001-01010 Identity of the logical channel
01011-11011 Reserved
11100 PC5-S messages that are not
protected
11101 PC5-S messages "Direct Security

Mode Command" and "Direct
Security Mode Complete”

11110 Other PC5-S messages that are
protected
11111 Padding

Table 6.2.4-2 Values of F field:

Index Size of Length field (in bits)
0 7
1 15
7 Variables and constants

7.1 RNTI values

RNTI values are presented in Table 7.1-1 and theirusage and associated Transport Channels and Logical Channels are
presentedin Table 7.1-2.

Table 7.1-1: RNTI values.

Value (hexa-decimal) RNTI
0000 NA
0001-0960 RA-RNTI, C-RNTI, Semi-Persistent Scheduling C-RNT],

Temporary C-RNTI, elMTA-RNTI, TPC-PUCCH-RNTI, TPC-
PUSCH-RNTI and SL-RNTI (see note), G-RNTI
0961-FFF3 C-RNTI, Semi-Persistent Scheduling C-RNTI, elMTA-RNT],
Temporary C-RNTIl, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and
SL-RNTI, G-RNTI

FFF4-FFF9 Reserved for future use
FFFA SC-N-RNTI
FFFB SC-RNTI
FFFC CC-RNTI
FFFD MERNTI
FFFE P-RNTI
FFFF SERNTI

NOTE: A MACentity uses thesame C-RNTIon all Serving Cells.
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Release 13
Table 7.1-2: RNTI usage.
RNTI Usage Transport Channel Logical Channel
P-RNTI Paging and System Information change PCH PCCH
notification
SI-RNTI Broadcast of System Information DL-SCH BCCH, BR-BCCH
M-RNTI MCCH Information change notification N/A N/A
RA-RNTI Random Access Response DL-SCH N/A
elMTA-RNTI elMTA TDD UL/DL configuration notification N/A N/A
Temporary C-RNTI Contention Resolution DL-SCH CCCH
(whenno valid C-RNTI is available)

Temporary C-RNTI Msg3 transmission UL-SCH CCCH, DCCH, DTCH
C-RNTI Dynamically scheduled unicast transmission UL-SCH DCCH, DTCH
C-RNTI Dynamically scheduled unicast transmission DL-SCH CCCH, DCCH, DTCH
C-RNTI Triggering of PDCCH ordered random access N/A N/A

Semi-Persistent Semi-Persistently scheduled unicast DL-SCH, UL-SCH DCCH, DTCH

Scheduling C-RNTI transmission

(activation, reactivation and retransmission)
Semi-Persistent Semi-Persistently scheduled unicast NA N/A

Scheduling C-RNTI transmission

(deactivation)

TPC-PUCCH-RNTI Physical layer Uplink pow er control N/A N/A

TPC-PUSCH-RNTI Physical layer Uplink pow er control N/A N/A
SL-RNTI Dynamically scheduled sidelink transmission SL-SCH STCH
SC-RNTI Dynamically scheduled SC-PTM control DL-SCH SC-MCCH

information
G-RNTI Dynamically scheduled SC-PTM transmission DL-SCH SC-MTCH
SC-N-RNTI SC-MCCH Information change notification N/A N/A
CC-RNTI Providing common control PDCCH NA NA

information

7.2

Backoff Parameter values

BackoffParameter values are presented in Table 7.2-1 except for NB-IoT where Table 7.2-2 shallbe used.

Table 7.2-1: Backoff Parameter values.

Backoff Parameter value (ms)
0
10
20
30
40
60
80
120
160
240
320
480
960
Reserved
Reserved
Reserved

Index

N NN EE R E R LS B =)

Thereserved values ofthe backoffparameterifreceived by the currentrelease version UEs shall be taken as 960 ms.
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Table 7.2-2: Backoff Parameter values for NB-loT.

Index

Backoff Parameter value (ms)

0

0

256

512

1024

2048

4096

8192

16384

32768

OO|N|O|N|B[W|IN|—

65536

131072

262144

524288

Reserved

Reserved

Reserved

The reserved values ofthe backoffparameterifreceived by the currentrelease version NB-loT UEs shallbe taken as

524288 ms.

7.3

PRACH Mask Index values

Table 7.3-1: PRACH Mask Index values

PRACH Allowed PRACH (FDD) Allowed PRACH (TDD)
Mask Index

0 All All

1 PRACH Resource Index 0 PRACH Resource Index 0

2 PRACH Resource Index 1 PRACH Resource Index 1

3 PRACH Resource Index 2 PRACH Resource Index 2

4 PRACH Resource Index 3 PRACH Resource Index 3

5 PRACH Resource Index 4 PRACH Resource Index 4

6 PRACH Resource Index 5 PRACH Resource Index 5

7 PRACH Resource Index 6 Reserved

8 PRACH Resource Index 7 Reserved

9 PRACH Resource Index 8 Reserved

10 PRACH Resource Index 9 Reserved

11 Every, in the time domain, even PRACH opportunity Every, in the time domain, even PRACH opportunity
18t PRACH Resource Index in subframe 18t PRACH Resource Index in subframe

12 Every, in the time domain, odd PRACH opportunity Every, in the time domain, odd PRACH opportunity
18t PRACH Resource Index in subframe 1St PRACH Resource Index in subframe

13 Reserved 1STPRACH Resource Index in subframe

14 Reserved 29 PRACH Resource Index in subframe

15 Reserved 3"PRACH Resource Index in subframe

7.4

Subframe Offsetvalues are presented in Table 7.4-1.

Subframe_Offset values
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Table 7.4-1: Subframe_Offset values

TDD UL/DL configuration Position of initial Semi-Persistent grant Subframe_Offset value (ms)
0 NA 0
1 Subframes 2 and 7 1

Subframes 3 and 8 -1

9 Subframe 2 5
Subframe 7 -5

3 Subframes 2 and 3 1
Subframe 4 -2

4 Subframe 2 1
Subframe 3 -1

NA 0

6 N/A 0

7.5 TTI_BUNDLE_SIZE value

The parameter TTI BUNDLE SIZEis 4.

7.6 DELTA PREAMBLE values

The DELTA PREAMBLE preamble format based power offsetvalues are presented in Table 7.6-1.

Table 7.6-1: DELTA_PREAMBLE values.

Preamble Format DELTA_PREAMBLE value
0 0dB
1 0dB
2 -3dB
3 -3dB
4 8 dB

Where the Preamble Format is given by prach-Configindex [7].

7.7 HARQ RTT Timers

Foreach servingcell, in case of FDD configuration on theserving cell which carries the HARQ feedback for this
serving cellthe HARQRTT Timer is set to 8 subframes. Foreach servingcell, in case of TDD configuration onthe
serving cell which carries the HARQ feedback for this serving cellthe HARQRTT Timer is set to k+ 4 subframes,
where k is the interval between the downlink transmis sion and the transmis sion ofassociated HARQ feedback, as
indicated in subclauses 10.1 and 10.2 of[2], and foran RN configured with 7n-SubframeConfig|[8] and not suspended,
as indicatedin Table 7.5.1-1 of [11].

For BL UEs and UEs in enhanced coverage, HARQRTT Timer correspondsto 7+ N where Nis the used PUCCH
repetition factor, where only valid (configured) UL subframes as configured by upper layers in fdd-
UplinkSubframeBitmapBR are counted. In case of TDD, HARQRTT Timer corresponds to 3+k + N, wherek is the
interval between thelast repetition of downlink transmis sion and the first repetition of the transmis sion of associated
HARQ feedback, and Nis the used PUCCH repetition factor, where only valid UL subframes are counted as indicated
in subclauses 10.1and 10.2 of[2].

ForNB-IoT the HARQRTT Timer is set to k+3+N+deltaPDCCH, where k is the interval between the last subframe of
the downlink transmis sion and the first subframe ofthe associated HARQ feedback transmissionand N is the
transmission duration in subframes ofthe associated HARQ feedback, and deltaPDCCH is the interval fromthe

subframe ofthe HARQ transmission to the first subframe ofthe next PDCCH occasion.

Except for NB-IoT, UL HARQ RTT Timer length is set to 4 subframes for FDD, and set to kuruarqrrr subframes for
TDD, where kurnargrrr equals to thekpnicn value indicated in Table 9.1.2-1 of [2].

3GPP
C:\Users\Rhughes\Desktop\36321-d20.doc

IPR2024-00986
Petitioners’ Exhibit 1012
Page 000081



Release 13 82 3GPP TS 36.321 V13.2.0 (2016-06)

ForNB-IoT, the UL HARQ RTT timer length is set to 4+deltaPDCCH subframes, where deltaPDCCH is the interval
from the last subframe ofthe PUSCH transmission plus 4 subframes to the first subframe ofthe next PDCCH occasion.

7.8 DL_REPETITION_NUMBER value

The parameter DL REPETITION NUMBER value is received fromlower layers and corresponds to the repetition
levelas specified in [2].

7.9 UL_REPETITION_NUMBER value

The parameter UL REPETITION NUMBER value is received fromlower layers and corresponds to the repetition
levelas specified in [2].
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Annex A (normative):
Handling of measurement gaps

In this specification, the subframes which cannot be used for transmission according to subclause 8.1.2.1 of [9] are also
considered as partofmeasurement gaps in uplink. Measurement gaps are definedin [9].

In a subframe that is part ofa measurement gap, the UEshallnot performthe transmissionof HARQ feedback and
CQI/PMI/RI/PTI/CRI, and SRS shallnot be reported.
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Annex B (normative):
Contention resolution for RACH access

When checking whether contentionresolution was successfula MA Centity considers the M ACheader structures
shown below for the processingofa MACPDU containinga UE Contention Resolution Identity MA C control element.

R | R R|R | E LCID (11100)
‘ R|R | E LCID (00000)
Case 1: MAC subheader for MAC control element Case 2: MAC subheader for MAC control element +
MAC subheader for MAC SDU (CCCH)
1t L N B B S N N
R| R|E LCID 1111y R| R |E LCID @111y
R| R|E LCID (11100) R| R |E LCID 111y
R| R|E LCID (00000) R| R |E LCID (11100)
R| R | E LCID (00000)
Case 3: MAC subheader for single-byte padding + Case 4: MAC subheaders for two-byte padding +
MAC subheader for MAC control element + MAC subheader for MAC control element +
MAC subheader for MAC SDU (CCCH) MAC subheader for MAC SDU (CCCH)
b R
R| R | E LCID (11100) R| R | E LCID (11100)
R|R|E LCID (00000) R | R ‘ E LCID (00000)
F L F L
R | R ‘ E ‘ LCID 1111y L
R ‘ R ‘ E ‘ LCID (1111
Case 5: MAC subheader for MAC control element + Case 6: MAC subheader for MAC control element +
MAC subheader (7-bits L-field) for MAC SDU (CCCH) + MAC subheader (15-bits L-field) for MAC SDU (CCCH) +
MAC subheader for padding MAC subheader for padding
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Annex C (informative):
Intended UE behaviour for DRX Timers

When a DRX timer is set to a value of X, and n denotes the subframe in which the related event is triggered according
to the subclause 5.7, the intended behaviours of each DRX timer are presented in the Table C-1below:

Table C-1: Intended UE behaviour for DRX timers

DRX Timers

Intended UE behaviour
([x, y] means including subframe xand y)

drx-Inactivity Timer

The MAC entity monitors PDCCH in PDCCH-subframes during the subframes
[n+1, n+m).

The MAC entity starts or restarts drxShortCycleTimer, and uses Short DRX
Cycle in the subframe n+m+1, if configured.

mac-ContentionResolutionTimer
or mac-
ContentionResolutionTimer for
the corresponding enhanced
coverage level, if it exists

The MAC entity monitors PDCCH in PDCCH-subframes during the subframes
[n+1, n+X].

drx-RetransmissionTimer or drx-
ULRetransmission Timer

The MAC entity monitors PDCCH in PDCCH-subframes during the subframes
[n, n+m-1].

onDurationTimer

The MAC entity monitors PDCCH in PDCCH-subframes during the subframes
[n, n+m-1].

drxShortCycleTimer

The MAC entity uses the Short DRX Cycle during the subframes [n, n+X-1].
The MAC entity starts to use the Long DRX Cycle in the subframe n+X.

HARQ RTT Timer

The MAC entity starts drx-RetransmissionTimer in the subframe n+X, if
needed.

UL HARQ RTT Timer

The MAC entity starts drx-ULRetransmissionTimer in the subframe n+X, if
needed.

NOTE:

For FDD, m is equal to X; for TDD, m is equal to the minimum number of subframes so that X PDCCH-

subframes are included during the subframes [x, y].

NOTE:

A MAC entity configured w ith elIMTA monitors PDCCH in some subframe(s) in addition to PDCCH-

subframes, as specified in subclause 5.7.

For drx-Inactivity Timer, drx-RetransmissionTimer and drx-ULRetransmis sionTimer, if X=0, the timer does not make
the MA Centity tomonitor the PDCCH.
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Annex D (informative):
Change history

Change history

Date TSG # TSG Doc. |CR |Rev |Subject/Comment Old New
2007-06 |RAN2#58|R2-072710 MAC Protocol Specification Baseline -
bis
200706 [RAN2#58|R2-072912 Text Proposal for UL HARQ (Tdoc R2-072708) 0.1.0
bis Text Proposal for DL HARQ (Tdoc R2-072707)

Text Proposal for RACH procedure (Tdoc R2-072640)
Text Proposal for Logical Channel prioritization (Tdoc R2-072643)

2007-06 |RAN2#58|R2-072994 Basic MAC PDU structure (Tdoc R2-072983) with updates 0.1.0 ]0.1.1
bis Agreementson time-frequency resource configuration (Tdoc R2-
072993)

Agreement on RA-RNT I association (Tdoc R2-072993)
Clarificationon RA Response reception (Tdoc R2-072993)
2007-08 [RAN2#59|R2-073715 Removed reference to non-existing table (Tdoc R2-073473) 0.1.1 [0.2.0
Incorrect mapping of logical to transport channel (Tdoc R2-073473)
Un-necessary error checking in HARQ process procedure (Tdoc
R2-073473)

Removal of reference to timing relation for HARQ feedback (T doc
R2-073473)

Correction of Internal variable name (Tdoc R2-073473)

Correction of procedure in case of successful HARQ reception
(Tdoc R2-073473)

2007-09 |RAN2#59|R2-073885 Text proposal forRandom Accessprocedure 0.2.0 [0.2.1
Text proposal on HARQ clarification for TDD
Text proposal on HARQ for grants

2007-09 |RAN#37 |RP-070688 Clean version forinformation 0.2.1
2007-10 [RAN2#59|R2-074530 Editorial update with Editorsnotes(Tdoc R2-074211). 1.0.0
bis
2007-11 [RAN2#60|R2-075093 Agreementson MAC PDU format (R2-074536) 1.1.0 [1.1.1
Correctionson Random AccessProcedure (R2-074536)
2007-11 [RAN2#60|R2-075243 Endorsementofv1.1.1 1.1.1 [1.2.0
Removal of FFS on DL CCCH existence
2007-11 [RAN2#60|R2-075488 Agreementon identity used Random Access Response (R2- 1.2.0 |1.3.0
075038)

Agreementon Local Nack1 (R2-074949)

PUCCH Resource handling (R2-075432)

UL HARQ agreements(R2-075432)

Agreementson semi-persistent scheduling (R2-075432,36.300)
Agreementson BSR/SRtriggers (R2-075432)

Agreementson BSR contents(R2-075432)

Agreementson Timing Advance principles (36.300)
Agreementson DRX control (36.300)

Handling of P-BCH, D-BCH, PCH (R2-075246)

2007-11 |RP-38 RP-070917 Clean version, presented at TSG RAN-38 forapproval 1.3.0 |2.0.0
2007-12 |RP-38 - Approved at TSG RAN-38 and placed under change control 2.0.0 [8.0.0
2008-03 [RP-39 RP-080162|0001|2 CR to 36.321 with E-UTRA MAC protocol specification update 8.0.0 [8.1.0
2008-05 [RP-40 RP-080410{0002[1 36.321 CR covering agreementsof RAN2 #61bisand RAN2#62  [8.1.0 [8.2.0
2008-09 [RP-41 RP-080690{ 0003 Clarification on dataavailable fortransmission forBSRtriggering [8.2.0 [8.3.0
RP-41 RP-080690[ 0004 CR to 36.321 on failure indication after maximum numberof HARQ [8.2.0 [8.3.0
transmissions
RP-41 RP-080690({0005|4 Clarificationsand Correctionsof DL and UL Data Transfer (SCH, 8.2.0 [8.3.0

NN
=[o
o|o

RACH and SR)
RP-41 RP-080690[ 0006|- CR to 36.321 on Buffersize levelsforBSR 8.2.0 [8.3.0
RP-41 RP-080690| 0007(- Clarificationson DRX 8.2.0 (8.3.0
RP-41 RP-080690( 0008(- Clarificationon UE behavior for DRX and configuredmeasurement [8.2.0 [8.3.0

gaps
RP-41 RP-080690| 0009(3 Correction to MAC Padding BSR 8.2.0 [8.3.0
RP-41 RP-080690|0010(- Correction to UE transmission power headroom report forLTE 8.2.0 [8.3.0
RP-41 RP-080690{0011{- Correctionson BSR 8.2.0 (8.3.0
RP-41 RP-080690| 0012- CR t0 36.321 REL-8 on Format of UL grantin Message 2 8.2.0 [8.3.0
RP-41 RP-080690[0015(- CR t0 36.321 REL-8 on PUSCH PUCCH Power Control RNTIs 8.2.0 [8.3.0
RP-41 RP-080690[0016/- CR 10 36.321 REL-8 on RACH uniform random backoff 8.2.0 [8.3.0
RP-41 RP-080690{0017(1 E-UTRA MAC protocol specification update 8.2.0 [8.3.0
RP-41 RP-080690[ 0020|- TP fornumberof HARQ processes and MIMO 8.2.0 [8.3.0
RP-41 RP-080690| 0022(- Update of MAC dedicated preamble expiry 8.2.0 [8.3.0
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RP-41 RP-080690|0027(- Handling of Semi-Persistent grantsand assignments 8.2.0 [8.3.0
RP-41 RP-080690|{0051(1 Correctionsrelating to RACH 8.2.0 [8.3.0
RP-41 RP-080690{ 00581 UL Channel Prioritisation 8.2.0 [8.3.0
RP-41 RP-080690|0071[2 Correctionsrelating to RACH partitioning 8.2.0 [8.3.0
RP-41 RP-080690| 0091{- Correction on Random Access Response reception behaviour 8.2.0 [8.3.0
RP-41 RP-080690[ 0103|- Upperlimit of logical channelid 8.2.0 [8.3.0
RP-41 RP-080690[ 0104(- Clarificationsand Correctionsfor HARQ operationat TAT expiry [8.2.0 [8.3.0
and RACH contention resolution
2008-12 |RP-42 RP-081018| 0105(- CR0105 t0 36.321 [Rel-8]on PHR Periodic Timer Start 8.3.0 [8.4.0

RP-42 RP-081018[ 0106
RP-42 RP-081018{ 0107

[N

Proposed R1 of CRO106 to 36.321 [Rel-8] on PHR Reference 8.3.0 [8.4.0
CR 0107 to 36.321 Interactionsbetween measurement gapand 8.3.0 [8.4.0
Msg3 transmission

[N

RP-42 RP-081018/0108(2 Proposed R1 of CR0108 to 36.321 [Rel-8] on PHR Reporting 8.3.0 [8.4.0
Values

RP-42 RP-081018| 0109(- Correction relating to equal priorities 8.3.0 [8.4.0

RP-42 RP-081018[0110(- CR 0110 to 36.321 on Correction to PHR 8.3.0 [8.4.0

RP-42 RP-081018{0112[1 CR0112r1 to 36.321 [Rel-8] Correctionto BCCH Reception 8.3.0 [8.4.0
procedure

RP-42 RP-081018[0113/- Contention Resolution Timer 8.3.0 [8.4.0

RP-42 RP-081018{0114]- PCH reception 8.3.0 [8.4.0

RP-42 RP-081018[0115|- Correction to reception of assignmentsand grants 8.3.0 [8.4.0

RP-42 RP-081018[{ 0116
RP-42 RP-081018{ 0117

Correction on Contention Resolution 8.3.0 [8.4.0
Proposed R1 of CRO117 to 36.321 [Rel-8] on on SR Clarifications [8.3.0 [8.4.0
and Repetitions

N

RP-42 RP-081078[0118[2 Clarificationon Padding value 8.3.0 [8.4.0
RP-42 RP-081018[0119(- CR 01190 36.321 Correction and Clarificationon TTI Bundling 8.3.0 [8.4.0
RP-42 RP-081018{0120](1 Clarification of DRX Active Time 8.3.0 [8.4.0
RP-42 RP-081018[0121(4 Text Proposal for Dedicated Preamble Assignment 8.3.0 [8.4.0
RP-42 RP-081018|0122(- CR0122 to 36.321 [Rel-8]on Message 3 Definition 8.3.0 [8.4.0
RP-42 RP-081018|0123]1 Correction to prevent wrong contention resolution by adaptive 8.3.0 [8.4.0
retransmission command
RP-42 RP-081018[0124(- Bucket Size Parameter 8.3.0 [8.4.0
RP-42 RP-081018|0125[2 CR0125r2 to 36.321 [Rel-8] Correction to Multiple BSR 8.3.0 [8.4.0
RP-42 RP-081018[0127{- CR0127 to 36.321 [Rel-8]RACH preambleslabelling 8.3.0 [8.4.0
RP-42 RP-081018{0128]1 CR0128r1 to 36.321 [Rel-8] merging CR0126r0 and CR0128r0 8.3.0 [8.4.0
RP-42 RP-081018{0129[1 CR0129r1 to 36.321 [Rel-8] Correctionto PDU Format 8.3.0 [8.4.0
RP-42 RP-081018[0130|- CQIl/ SRS/PMI/RI transmission during active time 8.3.0 [8.4.0
RP-42 RP-081018[0131]1 NDI and Msg4 Carrying Contention Resolution ID 8.3.0 [8.4.0
RP-42 RP-081018{0132[1 CR0132 to 36.321 [Rel-8]on MAC BSR trigger 8.3.0 [8.4.0
RP-42 RP-081018|0133|- Clarification about Restartingthe Periodic BSR Timer 8.3.0 [8.4.0
RP-42 RP-081018[0134(- Correction to RA procedure initiated by eNB PDCCH order 8.3.0 [8.4.0
RP-42 RP-081018[0135(1 Correction on PHR triggering condition 8.3.0 [8.4.0

RP-42 RP-081018[ 0136 CR 0136 t0 36.321 on Correction to UL HARQ Process forthe 8.3.0 [8.4.0

transmission of Msg3

RP-42 RP-081018[0137(2 SPS occasions 8.3.0 [8.4.0
RP-42 RP-081018[0138|- Robustness of Buffer Status Reporting 8.3.0 [8.4.0
RP-42 RP-081018|0139|- Proposed CR to 36.321 [Rel-8] on UL HARQ and Measurement 8.3.0 [8.4.0
Gaps
RP-42 RP-081018{0142(1 TAT and RACH procedure 8.3.0 [8.4.0
RP-42 RP-081018[0143[1 SRS and CQI'Resources Release upon TAT Expiry 8.3.0 [84.0
RP-42 RP-081018[0157(1 Proposed CR to 36.321 Correctionto RACH procedure 8.3.0 [8.4.0
RP-42 RP-081018[0162(1 BSR format forreporting empty buffers 8.3.0 [8.4.0
RP-42 RP-081018[0165|- TTIBundling Configuration 8.3.0 [8.4.0
RP-42 RP-081018/0166]1 Correctionsto semi-persistent scheduling 8.3.0 [8.4.0
RP-42 RP-081018[0167(2 Priotitization of MAC control elements 8.3.0 [8.4.0
RP-42 RP-081018[0168|- Correction to starting of TA timer 8.3.0 [8.4.0
RP-42 RP-081018|0173]|1 Proposed CR to 36.321 SPS implicit release on UL 8.3.0 [8.4.0
RP-42 RP-081018|0174(- Proposed CR to 36.321 Measurementgapsand SPS 8.3.0 [8.4.0
RP-42 RP-081018[0175(- Proposed CR to 36.321 Settingreserved bitsto zero 8.3.0 [8.4.0
RP-42 RP-081018| 0185(- Proposed CR to 36.321 [Rel-8] MAC ResetReconfig Option 2 8.3.0 [8.4.0
RP-42 RP-081018/0188[2 RV setting 8.3.0 [8.4.0
RP-42 RP-081018| 0189|- Correctionsto Random Access Procedure 8.3.0 [8.4.0
RP-42 RP-081018|0198(- Numberof HARQ processes for MIMO 8.3.0 [8.4.0
RP-42 RP-081018|0201(- Correctionsto power control and random access 8.3.0 [8.4.0
RP-42 RP-081018| 0206|- Correction on the definition of the PDCCH-subframe 8.3.0 [8.4.0
RP-42 RP-081018/0211]1 Correction to the coexist of SPS-RNTIand SI-RNTI or RA-RNTI 8.3.0 [8.4.0
RP-42 RP-081018[0220(- Explicit release of SPS 8.3.0 [8.4.0
RP-42 RP-081018|0225(2 Linking HARQ process ID with the SPS resource 8.3.0 [8.4.0
RP-42 RP-081018[0231(- Bucket Parameter Update 8.3.0 [8.4.0
RP-42 RP-081018|0232|1 Clarificationon “PDCCH indicatesa new transmission” for DRX 8.3.0 [8.4.0
RP-42 RP-081018|0233]1 Editorial correctionsto MAC 8.3.0 [8.4.0
RP-42 RP-081018| 0236/ - RB suspension and BSR contents 8.3.0 [8.4.0
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RP-42 RP-081018]|0239]- RV setting 8.3.0 [8.4.0
RP-42 RP-081018|0240(2 Preamble group selection 8.3.0 [8.4.0
RP-42 RP-081018|0241|- Use of dedicated preamblesafter HO complete 8.3.0 [8.4.0
RP-42 RP-081018| 0242]- Introductionof HARQ RTT Timer 8.3.0 [8.4.0
RP-42 RP-081018|0243(- Correction to DRX configuration 8.3.0 [8.4.0
2009-03 |RP-43 RP-090128|0245(- CR to 36.321 on BSR clarification 8.4.0 [8.5.0
RP-43 RP-090128(0246(2 Freeing of reserved RNTIs 8.4.0 (8.5.0
RP-43 RP-090128| 0247|- Correction to MAC reset 8.4.0 [8.5.0
RP-43 RP-090128| 0248(- Correction to Initialization of Prioritization 8.4.0 [8.5.0
RP-43 RP-090128]0249[- Cocal NACKing Optionality MAC CR 8.4.0 [8.5.0
RP-43 RP-090128|0250]1 Position of the Backoff Indicator subheader 8.4.0 [8.5.0
RP-43 RP-090128| 0251(- Missing reserved bit setting 8.4.0 [8.5.0
RP-43 RP-090128]0252]- Expired TAT and PUSCH transmission 8.4.0 [8.5.0
RP-43 RP-090128| 0253(- Expired TAT and HARQ feedback 8.4.0 [8.5.0
RP-43 RP-090128[0254(1 Counterproposal to R2-090969 on Management for HARQ buffer |8.4.0 [8.5.0
with TAT
RP-43 RP-090128| 0255|- HARQ Feedbackand Contention Resolution 8.4.0 [8.5.0
RP-43 RP-090128| 0256(- Correctionsto redundancy version control for system information [8.4.0 [8.5.0
RP-43 RP-090128]0257]- Mappingofthe RNTTsto differenttransport channels 8.4.0 [8.5.0
RP-43 RP-090128]0258]- DRX and UL Retransmissions 8.4.0 [8.5.0
RP-43 RP-090128]0259(- Definition of DRX Short Cycle Timer 8.4.0 [8.5.0
RP-43 RP-090128| 0260|- Small correctionsto RACH 8.4.0 [8.5.0
RP-43 RP-090128[0261|- Processing of contention resolution message 8.4.0 [8.5.0
RP-43 RP-090128|0262(- Correctionsto power control and random access 8.4.0 [8.5.0
RP-43 RP-090128[0263(- Missing condition for unsuccessful reception of Msg2 8.4.0 [8.5.0
RP-43 RP-090128|0264(1 Correctionsrelating to Random Accessrequired inputs 8.4.0 [8.5.0
RP-43 RP-090128|0265(- Bucket Parameter Update 8.4.0 [8.5.0
RP-43 RP-090128(0266(2 Correction to Handling of triggered PHR 8.4.0 [8.5.0
RP-43 RP-090128| 0267|- SPS resource release on D-SR failure 8.4.0 [8.5.0
RP-43 RP-090128|0269(2 NDI handling when measurementgap and SPS occassion collide [8.4.0 [8.5.0
RP-43 RP-090128|0270(- Correction relating to PDCCH order 8.4.0 [8.5.0
RP-43 RP-090128[0271(- Error Handling 8.4.0 [8.5.0
RP-43 RP-090128| 0272- Variousclarifications/correctionsto TS36.321 8.4.0 [8.5.0
RP-43 RP-090128|0273|1 Disassembly, Demultiplexing and Multiplexing functions 8.4.0 [8.5.0
RP-43 RP-090128] 0274(1 Miscellaneouscorrectionsto MAC 8.4.0 [8.5.0
RP-43 RP-090128|0275(2 CR on Interactionsbetween Msg3 transmission and TTl bundling [8.4.0 |8.5.0
RP-43 RP-090128|0276(- TTIBundling 8.4.0 [8.5.0
RP-43 RP-090128]|0278]1 Correction to BSR trigger at serving cell change 8.4.0 [8.5.0
RP-43 RP-090128|0279]1 Correction to Release of SPS 8.4.0 [8.5.0
RP-43 RP-090128[0280(2 Usage of RRC Parameters 8.4.0 [8.5.0
RP-43 RP-090128| 0281|- Clarification of MAC Timer status 8.4.0 [8.5.0
RP-43 RP-090128|0282(1 Correction on MAC PDU subheaderdescription 8.4.0 [8.5.0
RP-43 RP-090128|0283(1 UE behaviourat CURRENT _TX_NB reachesmaximum value 8.4.0 [8.5.0
RP-43 RP-090128| 0285(- Reporting During DRX 8.4.0 [8.5.0
RP-43 RP-090128|0289(- NDI handling afterrandom access procedure 8.4.0 [8.5.0
RP-43 RP-090128{0290(1 Dedicated preamble handling afterrandom accessfailure 8.4.0 (8.5.0
RP-43 RP-090128| 0292 - NDI and grantin Message 2 8.4.0 [8.5.0
RP-43 RP-090128| 02931 Correction relating to BCCH HARQ 8.4.0 [8.5.0
RP-43 RP-090128|0300]1 Correctionsto Msg3 definitionand usage 8.4.0 [8.5.0
RP-43 RP-090128[0303(- PRACH selection must use prach-Configurationindex 8.4.0 [8.5.0
RP-43 RP-090128| 0305]- Clarificationon RETX_BSR_TIMER 8.4.0 [85.0
RP-43 RP-090128]| 03073 MAC Structure in UE Side 8.4.0 [8.5.0
RP-43 RP-090128| 0308|- Clarificationon Random AccessProcedure 8.4.0 [8.5.0
RP-43 RP-090128| 0314|- Clarificationon the CRtimer 8.4.0 [8.5.0
RP-43 RP-090128[0316|- Correction on BSR 8.4.0 [8.5.0
RP-43 RP-090128|0318]1 Clarification on MAC reconfiguration of timersand counters 8.4.0 [8.5.0
RP-43 RP-090128]|0320]- HARQ feedback, CQI/PMI/Rl and SRS transmissionsand 8.4.0 [8.5.0
measurement gaps
RP-43 RP-090128|0324(- MAC PDU subheader corresponding to padding 8.4.0 (8.5.0
RP-43 RP-090128]0333]- CR On Backofftable 8.40 [85.0
RP-43 RP-090128| 0334|3 TTIBundling Operation 8.4.0 [8.5.0
RP-43 RP-090128{0341(1 Enforcing new transmission afterflushing HARQ process 8.4.0 [8.5.0
2009-06 [RP-44 RP-090513[0342]- Correction on HARQ feedbacktransmission 8.5.0 [8.6.0
RP-44 RP-090513| 03431 Clarificationon the DL assignment/UL grantreceptionin SPS 8.5.0 [8.6.0
RP-44 RP-090513| 03441 PHR timerhandling afterhandover 8.5.0 [8.6.0
RP-44 RP-090513]| 03462 MAC PDU forMsg2 8.5.0 [8.6.0
RP-44 RP-090513| 03472 MAC Error handling 8.5.0 [8.6.0
RP-44 RP-090513| 0348|- Correction on SR cancellation 8.5.0 [8.6.0
RP-44 RP-090513| 03491 Correction to RETX_BSR_TIMER 8.5.0 [8.6.0
RP-44 RP-090513|0350]1 CR t0 36.321 on UL SPS Implicit Release 8.5.0 [8.6.0
RP-44 RP-090513[0351(2 Variouscorrection to MAC 8.5.0 [8.6.0
3GPP
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RP-44 RP-090513| 0369(- Correction to Uplinkgrant by temporary C-RNT 8.5.0 [8.6.0
RP-44 RP-090513|0370(- Clarificationon simultaneousreception of RA-RNTIand C-RNTI 8.5.0 [8.6.0
RP-44 RP-090513|0374(- Correction on timeAlignmentTimer validity in MAC 8.5.0 [8.6.0
RP-44 RP-090513|0376]1 CR for MAC padding 8.5.0 [8.6.0
RP-44 RP-090513[0377(- Correction to duplicate reception of TA command (2™ method) 8.5.0 [8.6.0
2009-09 [RP-45 RP-090906| 0379|- Correction to NDI semantics 8.6.0 [8.7.0
RP-45 RP-090906|0380]1 Minor correctionsto 36.321 8.6.0 [8.7.0
RP-45 RP-090906(0381(2 UE behaviourwhen MBSFN subframe and a configured downlink [8.6.0 [8.7.0
assignment collide
RP-45 RP-090906| 0399|- Correction to HARQ process ID for DL SPS retransmissions 8.6.0 [8.7.0
2009-09 |RP-45 RP-090934(0390(3 Improvementof cancellation of SR 8.7.0 [9.0.0
RP-45 RP-090934|0396(- Periodic CQI/PMI/RI masking 8.7.0 [9.0.0
2009-12 [RP-46 RP-091341|0401[2 Capturing MBMS agreementsin MAC 9.0.0 [9.1.0
RP-46 RP-091314|0403[2 Clarificationon BSRtrigger 9.0.0 {9.1.0
RP-46 RP-091346| 0404 |- Correction on HARQ Process ID for DL SPS and DRX 9.0.0 [9.1.0
RP-46 RP-091314]|0406(- RNT I for CCCH 9.0.0 [9.1.0
RP-46 RP-091346| 04071 SR prohibitmechanism for UL SPS 9.0.0 [9.1.0
RP-46 RP-091346| 0409(- Clarification on monitoring of PDCCH 9.0.0 [9.1.0
RP-46 RP-091346|0410]- Introduction of SR prohibit timer 9.0.0 [9.1.0
2010-03 |RP-47 RP-100305| 0414|- Correction to MBMS scheduling terminology 9.1.0 [9.2.0
RP-47 RP-100305]|0415]- Correctionsto TS 36.321 on MBMS 9.1.0 [9.2.0
RP-47 RP-100305|0421]1 Error handling for MBMS PDU 9.1.0 [9.2.0
RP-47 RP-100308| 0422(- Renaming CRasconsequence of ASN.1 review 9.1.0 [9.2.0
2010-06 |[RP-48 RP-100536| 0424(- Clarification on UE behaviourw.r.t DRX cycle change and 9.2.0 [9.3.0
onDurationTimertest (Procedural change)
RP-48 RP-100554|0425(1 Correction to MBMS description 9.2.0 [9.3.0
RP-48 RP-100556|0426(- Correction to PHR triggering 9.2.0 [9.3.0
RP-48 RP-100536] 0430[- Processing of contention resolution message 9.2.0 [9.3.0
2010-12 |RP-50 RP-101226[0436(2 Introduction of Carrier Aggregation 9.3.0 [10.0.0
RP-50 RP-101228| 04371 Introductionof relaysin MAC 9.3.0 (10.0.0
RP-50 RP-101225| 0447|- HARQ operationfor UL multiple antenna transmission 9.3.0 [10.0.0
2011-03 [RP-51 RP-110280| 0449(- PHR Triggerfor Power Reduction Due to Power Management 10.0.0/10.1.0
RP-51 RP-110289|0450(1 Power Headroom Reporting 10.0.0110.1.0
RP-51 RP-110289]|0451]- Cancellation of BSR 10.0.0/10.1.0
RP-51 RP-110289|0453(1 Counterproposal to Correctionsto the Carrier Aggregation 10.0.0110.1.0
functionalityinMAC
RP-51 RP-110280( 0454]- Adding a PowerManagement indication inPHR 10.0.0110.1.0
RP-51 RP-110289|0457|2 CR on SCell Activation 10.0.0110.1.0
RP-51 RP-110289|0461(2 Unification of Extended PHR MAC CE formats 10.0.0110.1.0
RP-51 RP-110289| 04651 Clarificationfor CAand TTIbundlingin MAC 10.0.0/10.1.0
2011-06 |[RP-52 RP-110846| 0466|- CQl reporting and deactivation timer 10.1.0/10.2.0
RP-52 RP-110846(0467(2 Miscellaneous Corrections 10.1.0110.2.0
RP-52 RP-110846|0468|- Pcmax,creporting fortype 2 PH 10.1.0110.2.0
RP-52 RP-110848| 0469|- Type-1-triggered SRS transmission independent of DRX 10.1.0110.2.0
RP-52 RP-110839[0470|- UL transmissionswhen the timeAlignmentTimerisnot running 10.1.0/10.2.0
RP-52 RP-110846|0478|1 Clarificationsto Ci field inMAC CE on CA 10.1.0]10.2.0
RP-52 RP-110846|0488|- Clarification of padding BSR behaviour 10.1.0/10.2.0
RP-52 RP-110834| 0489(- SPS reception inMBSFN subframes 10.1.0]10.2.0
RP-52 RP-110839| 0490(- Powermanagementrelated PHR triggering condition 10.1.0110.2.0
RP-52 RP-110839| 0491|- Clarificationson PHR Power Managementtrigger 10.1.0]10.2.0
2011-09 |RP-53 RP-111280[0494(1 Clarificationson MCH reception and StopMTCH 10.2.0110.3.0
RP-53 RP-111283| 0496(- Configuration of extenededBSR-sizes 10.2.0/10.3.0
RP-53 RP-111297]0502]- CR 10 36.3271 on Small correction of PHR parameter 10.2.0[10.3.0
RP-53 RP-111283| 05031 Correctionsto PCMAX,cfieldin Extended PHR 10.2.0{10.3.0
2011-12 [RP-54 RP-111714]0516[1 UE soft bufferhandlingin MAC 10.3.0/10.4.0
RP-54 RP-111716|0523(- Correction on determining SPS occasions 10.3.0110.4.0
RP-54 RP-111605| 05261 CSI/SRS reporting at DRX state transitions 10.3.0/10.4.0
RP-54 RP-111606| 0527 - CSI/SRS reporting at unexpected Active Time stopping 10.3.0/10.4.0
2012-03 [RP-55 RP-120321[0539(- Correction to multiplexing and assembly 10.4.0/10.5.0
201209 [RP-57 RP-121395]|0559]- P bitin Extended PHRMAC CE 10.5.0/10.6.0
RP-57 RP-121395|0577[1 Deadlockof PHR transmission 10.5.0/10.6.0
RP-57 RP-121382|0558(- Clarificationon Measurement Gap 10.5.0111.0.0
RP-57 RP-121377|0572|1 Introduction of CA Enhancementsin MAC 10.5.0111.0.0
RP-57 RP-121382| 0581|- Clarification of TA value maintenance at TAtimer expiry 10.5.0111.0.0
2012-12 |RP-58 RP-121936|0583|- Clarification on DRX for Relay 11.0.0{11.1.0
RP-58 RP-121936[ 0585(- Clarificationon V field in Extended PHR MAC CE 11.0.0/11.1.0
RP-58 RP-121951|0586( 1 Clarificationrelated to CA enhancementin MAC 11.0.0111.1.0
RP-58 RP-121957[0588|- Clarificationof the Note in 5.2 11.0.0111.1.0
RP-58 RP-121951]0590(- TAG Acronym 11.0.0[11.1.0
RP-58 RP-121951| 0594 |- Correctionsfor CA-enhancementin MAC 11.0.0111.1.0
RP-58 RP-121956| 0599(- CR on MAC layersupport of ePDCCH 11.0.0]11.1.0
3GPP

C:\Users\Rhughes\Desktop\36321-d20.doc

IPR2024-00986
Petitioners’ Exhibit 1012
Page 000089



Release 13 90 3GPP TS 36.321 V13.2.0 (2016-06)

RP-58 RP-121957|0624|2 CR t036.321 on AnnexforDRX Timers 11.0.0/11.1.0
2013-03 |RP-59 RP-130248(0629(2 Removing optionality on CSI/SRS transmission during transient 11.1.0111.2.0
state
RP-59 RP-130245| 0630|- Clarification on the PDCCH-subframe for half-duplex TDD UE 11.1.0111.2.0
RP-59 RP-130248| 0649(- Draft CR to 36 321 for Clarification of PDCCH-subframe definition [11.1.0(11.2.0
in Rel-11
RP-59 RP-130241|0659(- Correction for TM 10 unicast supportin MBSFN subframes 11.1.0111.2.0
RP-59 RP-130291[0661|- Clarification of DRX timersfor TDD 11.1.0/11.2.0
2013-06 [RP-60 RP-130805/0663[2 HARQ RTT Timer 11.2.0/11.3.0
RP-60 RP-130808| 0664 |- Clarificationon the PDCCH-subframe definition for TDD UE 11.2.0111.3.0
RP-60 RP-130809| 0665(- Correction to the definition of drxRetransmissionTimer 11.2.0111.3.0
RP-60 RP-130809| 0667]- Furtherissues on removing optionality of CSI/SRS fransmission 11.2.0]11.3.0
during transient state
RP-60 RP-130804|0670(- Rel-11 CRon SCell activationtiming 11.2.0111.3.0
2013-12 |RP-62 RP-131989|0687|- Clarification on the HARQ feedbackfor SCell 11.3.0]11.4.0
activation/deactivationcommand MAC CE
RP-62 RP-132002| 0690(- Clarification on Power Headroom MAC CE 11.3.0/12.0.0
2014-03 [RP-63 RP-140355[0709(- BCCH reception for MBMS on any configured or configurable SCell[12.0.0( 12.1.0
RP-63 RP-140362|0705]1 Long DRX Command MAC Control Element 12.0.0112.1.0
2014-06 |[RP-64 RP-140888|0714|- Alternative 1: Introduction of FDD/TDD CA into 36.321 12.1.0]12.2.0
RP-64 RP-140884|0713]|1 Introductionof TDD elTMA 12.1.0112.2.0
RP-64 - - - Editorial updates 12.2.0112.2.1
2014-09 [RP-65 RP-141506|0732[1 Introduction of low complexity UEsin TS 36.321 12.2.1112.3.0
2014-12 |RP-66 RP-142129[0739|- Category O reportin Msg3 12.3.0/12.4.0
RP-66 RP-142140[0749(- Correction on DRX Operation 12.3.0112.4.0
RP-66 RP-142140[0748|- Prohibit timerfor SR 12.3.0/12.4.0
RP-66 RP-142135[0740(1 Introduction of dual connectivity in MAC 12.3.0112.4.0
2015-03 |RP-67 RP-150373[0751|- Clarification on the Logical channel prioritization in DC 12.4.0112.5.0
RP-67 RP-150375|0762[1 Introduction of MBMS congestion managementfor Public Safety [12.4.0[12.5.0
Group Call
RP-67 RP-150374|0755]1 Introductionof ProSe in MAC 12.4.0/12.5.0
RP-67 RP-150371(0763(2 Uplinktransmission time difference 12.4.0112.5.0
2015-06 |RP-68 RP-150921|0764|- SL-DCH transmission forautonomousresource allocationmode 12.5.0112.6.0
RP-68 RP-150921|0766|- Minorcorrectionsfor ProSe 12.5.0112.6.0
RP-68 RP-150921|0767|- Clarificationon deactivationoperation 12.5.0112.6.0
RP-68 RP-150916[0768|- Handling of erroneous PDU on MCH 12.5.0112.6.0
RP-68 RP-150921[0769|- Correctionson 36.321 forProSe 12.5.0/12.6.0
RP-68 RP-150921[0772(- Correction to the figure of MAC structure overview for sidelink 12.5.0/12.6.0
RP-68 RP-150923|0782[- Prohibit timerfor SR 12.5.0112.6.0
RP-68 RP-150921]0783|- Resource selection for SL-DCH 12.5.0112.6.0
2015-09 |RP-69 RP-151438[0799(1 Correction on Type 2 PHreporting 12.6.0112.7.0
RP-69 RP-151441|0795]|1 Correctionsforreporting and cancellation of SL BSR 12.6.0112.7.0
RP-69 RP-151441|0785]1 Correctionsto Sidelinkin MAC 12.6.0112.7.0
RP-69 RP-151441{0790(1 Miscellaneouscorrectionson Sidelink 12.6.0112.7.0
2015-12 |RP-70 RP-152055| 0801|- Correction on transparent MAC PDU 12.7.0112.8.0
RP-70 RP-152053| 0802- Correction on MAC headerfor SL-SCH 12.7.0112.8.0
RP-70 RP-152053| 0805|- Correctionsforsidelinkin TS 36.321 12.7.0112.8.0
2015-12 |RP-70 RP-152071(0811(2 Introduction of Carrier Aggregationenhancementsbeyond5 CCs [12.8.0{13.0.0
RP-70 RP-152072|0806[2 Introductionof eD2D 12.8.0/13.0.0
RP-70 RP-152078/0821(2 Introductionof LAAin MAC 12.8.0/13.0.0
RP-70 RP-152080|0815[2 Introductionof SC-PTMin MAC 12.8.0/13.0.0
2016-03 |RP-71 RP-160470{0825(1 Powerheadroom reporting of carrieraggregationenhancement 13.0.0113.1.0

beyond 5 CCs

RP-71 RP-160454| 0837

N

Correctionsforsidelink 13.0.0{13.1.0

RP-71 RP-160462( 0844 Correction to Pcmax and PHfieldin PHRMAC CE 13.0.0{13.1.0

RP-71 RP-160453|0845[2 Introduction of low complexity UE and enhanced coverage features|13.0.0[13.1.0
RP-71 RP-160467|0852(- Maximum UL Transmission timing differencein dual connectivity [13.0.0(13.1.0
RP-71 RP-160470| 08531 Correctionson SC-PTM MAC specification 13.0.0]13.1.0
2016-06 [RP-72 RP-161080]| 0854(- Correctionsto MTCe in TS 36.321 13.1.0/13.2.0
RP-72 RP-161080| 0855(1 Correctionsto Logical Channel Prioritisation 13.1.0113.2.0
RP-72 RP-161080| 0856 - Correction to MAC proceduresforMTC 13.1.0113.2.0
RP-72 RP-161080(0857(3 Functional extension for U-plane C-loT optimisation 13.1.0113.2.0
RP-72 RP-161080[0858(2 Correctionsforsidelinklogical channel prioritization 13.1.0113.2.0
RP-72 RP-161080| 0859]- HARQ RTT TimersineMTC 13.7.0]13.2.0
RP-72 RP-161080| 0860/ - AsynchronousUL HARQ protocol operation 13.1.0113.2.0
RP-72 RP-161080/0861[1 UL SPS and Sidelinkdiscovery gap 13.1.0/13.2.0
RP-72 RP-161080| 0862(- Correction of BCCH reception forLC-MTC 13.1.0113.2.0
RP-72 RP-161080| 08641 Correctionson asynchronousUL HARQ operation 13.1.0113.2.0
RP-72 RP-161080| 0866|- Clarificationon PDCCH sub-frame for SC-PTM 13.1.0/13.2.0
RP-72 RP-161080|0867|- Correction on preamble group selectionand RA-RNT I value range [13.1.0]13.2.0
RP-72 RP-161080| 0868]1 Correction on DL HARQ retransmission and UL transmission 13.7.0]13.2.0

repetitionswithina bundle
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RP-72 RP-161080| 08692 Correction on IR version for UL HARQ 13.1.0]13.2.0
RP-72 RP-161080{0870(- Correction on HARQ process selection for UL asynchronousHARQ[13.1.0(13.2.0
RP-72 RP-161080( 0873|- Correction to eMTC message classes and logical channels 13.1.0113.2.0
RP-72 RP-161080( 0875|- Correction on Random Access CE-level ramp-upfor CE mode A [13.1.0(13.2.0
UEs
RP-72 RP-161080(0876(1 Correction to random accessprocedure foreMTC 13.1.0]13.2.0
RP-72 RP-161080|0877|2 Minor correctionsto MAC foreMTC 13.1.0]13.2.0
RP-72 RP-161080(0878|- PRACH preamble powerforeMTC 13.1.0113.2.0
RP-72 RP-161080|0879]1 SPS supportforeMTC UEs 13.1.0]13.2.0
RP-72 RP-161080| 088011 SR prohibittimerforeMTC UEs 13.1.0]13.2.0
RP-72 RP-161080{0881]- Starting CE level for PDCCH orderand HO 13.1.0]13.2.0
RP-72 RP-161080| 0882]- Clarificationon RA-RNT| determination for PRACHin TDD 13.1.0]13.2.0
RP-72 RP-161081|0883|4 Introductionof NB-loT to 36.321 13.1.013.2.0
RP-72 RP-161080(0884|2 Correction on the DRX operationfor UL asynchronousHARQ 13.1.0]13.2.0
RP-72 RP-161080( 0885|- Correctionson Support of CRI reporting in MAC 13.1.0113.2.0
RP-72 RP-161080( 0886|- Correction on the intended UE behaviourfor DRX Timers 13.1.0113.2.0

Note: WORD version for TS 36.321 v12.4.0 was changed over from WORD 2003 to WORD 2007.
Accordingly, some table formats may be converted due to the impact of comparability mode but contents

in the tables were confirmed to be consistent.
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