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Foreword

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

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies the NR MAC protocol.
2
References

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

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

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 38.300: "NR; Overall description; Stage 2".
[3]
3GPP TS 38.322: "NR; Radio Link Control (RLC) protocol specification".
[4]
3GPP TS 38.323: "NR; Packet Data Convergence Protocol (PDCP) protocol specification".
[5]
3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification".
[6]
3GPP TS 38.213: "NR; Physical Layer Procedures for control".
[7]
3GPP TS 38.214: "NR; Physical Layer Procedures for data".
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process ID.
Serving Cell: A Primary or a Secondary Cell [5].
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG depending on if the MAC entity is associated to the MCG or the SCG, respectively. Otherwise the term Special Cell refers to the PCell. A Special Cell supports PUCCH transmission and contention based Random Access.
Editor's note: The term PUCCH is tentatively used to capture the agreements, but can be changed later.
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 Advance value. A Timing Advance Group containing the SpCell of a MAC entity is referred to as PTAG, whereas the term STAG refers to other TAGs.
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

BSR
Buffer Status Report
CE
Control Element

LCG
Logical Channel Group
MAC
Medium Access Control
MCG
Master Cell Group
PCell
Primary Cell
PHR
Power Headroom Report
PTAG
Primary Timing Advance Group
SCell
Secondary Cell
SCG
Secondary Cell Group
SPS
Semi-Persistent Scheduling
SR
Scheduling Request
SpCell
Special Cell
STAG
Secondary Timing Advance Group
TAG
Timing Advance Group
TB
Transport Block
4
General
4.1
Introduction
The objective of this section is to describe the MAC architecture and the MAC entity of the UE from a functional point of view.
4.2
MAC architecture
This subclause describes a model of the MAC i.e. it does not specify or restrict implementations.

RRC is in control of the MAC configuration.
4.2.1
MAC Entities
The MAC entity of the UE handles the following transport channels:
-
Broadcast Channel (BCH);

-
Downlink Shared Channel(s) (DL-SCH);

-
Paging Channel (PCH);

-
Uplink Shared Channel(s) (UL-SCH);

-
Random Access Channel(s) (RACH);
In Dual Connectivity, two MAC entities are configured in the UE: one for the MCG and one for the SCG. 
If the MAC entity is configured with one or more SCells, there are multiple DL-SCH and there may be multiple UL-SCH as well as multiple RACH per MAC entity; one DL-SCH and UL-SCH on the SpCell, one DL-SCH, zero or one UL-SCH and zero or one RACH for each SCell.
Figure 4.2.1-1 illustrates one possible structure of the MAC entity when SCG is not configured.
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Figure 4.2.1-1: MAC structure overview
Figure 4.2.1-2 illustrates one possible structure for the MAC entities when MCG and SCG are configured.
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Figure 4.2.1-2: MAC structure overview with two MAC entities
4.3
Services

4.3.1
Services provided to upper layers
The MAC sublayer provides the following services to upper layers:
-
data transfer

-
radio resource allocation
4.3.2
Services expected from physical layer
The MAC sublayer expects the following services from the physical layer:

-
data transfer services;

-
signalling of HARQ feedback;

-
signalling of Scheduling Request;

-
measurements (e.g. Channel Quality Indication (CQI)).
A DL-SCH may support receptions using different numerologies and/or TTI duration within the MAC entity. A UL-SCH may also support transmissions using different numerologies and/or TTI duration within the MAC entity.
4.4
Functions
The MAC sublayer supports the following functions:

-
mapping between logical channels and transport channels;

-
multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels;

-
demultiplexing of MAC SDUs from one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels;

-
scheduling information reporting;

-
error correction through HARQ;

-
logical channel prioritisation.
The relevance of MAC functions for uplink and downlink is indicated in Table 4.4-1.
Table 4.4-1: The link direction association of MAC functions.
	MAC function
	Downlink
	Uplink

	Mapping between logical channels and transport channels
	X
	X

	Multiplexing
	
	X

	Demultiplexing
	X
	

	Scheduling information reporting
	
	X

	Error correction through HARQ
	X
	X

	Logical Channel prioritisation
	
	X


4.5
Channel structure
The MAC sublayer operates on the channels defined below; transport channels are SAPs between MAC and Layer 1, logical channels are SAPs between MAC and RLC.
4.5.1
Transport Channels
The MAC sublayer uses the transport channels listed in Table 4.5.1-1 below.
Table 4.5.1-1: Transport channels used by MAC
	Transport channel name
	Acronym
	Downlink
	Uplink

	Broadcast Channel
	BCH
	X
	

	Downlink Shared Channel
	DL-SCH
	X
	

	Paging Channel
	PCH
	X
	

	Uplink Shared Channel
	UL-SCH
	
	X

	Random Access Channel
	RACH
	
	X


4.5.2
Logical Channels
The MAC sublayer provides data transfer services on logical channels. To accommodate different kinds of data transfer services, multiple types of logical channels are defined i.e. each supporting transfer of a particular type of information.
Each logical channel type is defined by what type of information is transferred.

The MAC sublayer provides the control and traffic channels listed in Table 4.5.2-1 below.
Table 4.5.2-1: Logical channels provided by MAC.
	Logical channel name
	Acronym
	Control channel
	Traffic channel

	Broadcast Control Channel
	BCCH
	X
	

	Paging Control Channel
	PCCH
	X
	

	Common Control Channel
	CCCH
	X
	

	Dedicated Control Channel
	DCCH
	X
	

	Dedicated Traffic Channel
	DTCH
	
	X


4.5.3
Mapping of Transport Channels to Logical Channels
Both for uplink and downlink, the MAC entity is responsible for mapping logical channels onto transport channels. This mapping depends on the multiplexing that is configured by RRC.
4.5.3.1
Uplink mapping
The uplink logical channels can be mapped as described in Table 4.5.3.1-1.
Table 4.5.3.1-1: Uplink channel mapping.

	Transport channel
Logical channel
	UL-SCH
	RACH

	CCCH
	X
	

	DCCH
	X
	

	DTCH
	X
	


4.5.3.2
Downlink mapping
The downlink logical channels can be mapped as described in Table 4.5.3.2-1.
Table 4.5.3.2-1: Downlink channel mapping.

	Transport channel
Logical channel
	BCH
	PCH
	DL-SCH

	BCCH
	X
	
	X

	PCCH
	
	X
	

	CCCH
	
	
	X

	DCCH
	
	
	X

	DTCH
	
	
	X


5
MAC procedures
5.1
Random Access procedure
5.1.1
Random Access procedure initialization
The Random Access procedure described in this subclause is initiated by the MAC entity itself or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell other than PSCell shall only be initiated by network (i.e. non-contention based random access procedure). 
Editor's note: The case where the RA procedure is initiated by PDCCH order is NOT captured for the time being, and RAN2 waits for RAN1 progress. Also, the above network can be replaced by PDCCH order later.
Editor's note: There is only one Random Access procedure ongoing at any point in time in a MAC entity but it is still FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization.

RRC configures the following parameters for the random access procedure:

-
prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-
ra-PreamblePowerRampingStep: the power-ramping factor;
-
ra-PreambleTx-Max: the maximum number of preamble transmission.

-
the groups of Random Access Preambles (i.e. Random Access Preambles group A and Random Access Preambles group B) and the set of available Random Access Preambles in each group (SpCell only):

The set of preambles in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters TBD.

-
ra-Msg3SizeGroupA: the threshold to determine the groups of Random Access Preambles;
Editor's note: Editor thinks the LTE parameters e.g. ra-NumberOfPreambles, ra-NumberOfPreamblesGroupA, ra-Msg3SizeGroupA, etc. can be re-used, but will capture them after having confirmation from RAN2.
-
ra-ResponseWindowSize: the RA response window size;

-
ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only).

Editor's note: the concept of prach-ConfigIndex and power ramping will be defined and confirmed by RAN1.
The following UE variables are used for the Random Access procedure:

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-
PREAMBLE_RECEIVED_TARGET_POWER;
-
PREAMBLE_BACKOFF;
-
TEMPORARY_C-RNTI.
The random access procedure is initiated as follows:

The MAC entity shall:

1>
flush the Msg3 buffer;

1> set the PREAMBLE_TRANSMISSION_COUNTER to 1;

1>
set the PREAMBLE_BACKOFF to 0 ms;

1>
perform the Random Access Resource selection procedure (see subclause 5.1.2).

Editor's note: to have RACH backoff mechanism was agreed in principle during SI phase, but details needs to be further discussed by RAN2.

Editor's note: beamforming aspect may impact to RA procedure across subclause 5.1, but RAN1 inputs would be further required.

5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the ra-PreambleIndex has been explicitly signalled, and it is not 0b000000:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;

1>
else:

2>
if Msg3 has not yet been transmitted:
3>
if Random Access Preambles group B exists; and
3>
if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA:

4>
select the Random Access Preambles group B;
3> else:

4>
select the Random Access Preambles group A.
2> else (i.e. Msg3 is being retransmitted):

3>
select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.
2>
select a ra-PreambleIndex within the selected group other than 0b000000 randomly with equal probability;

2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex;

Editor's note: the value/range of ra-PreambleIndex should be confirmed by RAN1.

Editor's note: when the RAP group A/B is selected, path loss (in LTE) is not captured since no agreements were made, and RAN2 further discussion is required.
1>
determine the next available NR-UNIT containing PRACH;

Editor's note: depending on the RAN1 decision, selection of PRACH resource can be further elaborated.

Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
1> perform the Random Access Preamble transmission procedure (see subclause 5.1.3).

5.1.3
Random Access Preamble transmission

The MAC entity shall:

1>
set PREAMBLE_RECEIVED_TARGET_POWER to TBD;

1>
compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted as follows [TBD];
1>
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
Editor's note: the concept and value of RA-RNTI should also be defined and confirmed by RAN1.

Editor's note: Editor thinks the above 'selected PRACH' includes the corresponding cell (e.g. PCell or SCell or PScell).
5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted, the MAC entity shall:

1>
start ra-ResponseWindowSize at the NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;

Editor's note: The name of ra-ResponseWindowSize (which was used in LTE) can be changed later.
Editor's note: The value of TBD duration is FFS. It is a fixed duration and should be as low as possible.
Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
1>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while ra-ResponseWindowSize is running;
Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).
1>
if a downlink assignment for this NR-UNIT has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>
if the Random Access Response contains a Backoff Indicator subheader:

3>
set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.

2>
else:

3>
set the PREAMBLE_BACKOFF to 0 ms.

Editor's note: Whether to re-introduce Backoff Indicator subheader is NOT determined in RAN2, and it needs to be confirmed by RAN2.

2>
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):

3>
consider this Random Access Response reception successful;

3>
apply the following actions for the serving cell where the Random Access Preamble was transmitted:

4>
process the received Timing Advance Command (see subclause 5.2);

4>
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);
Editor's note: The yellow-highlighted part (and also Timing Advance Command) needs to confirm by RAN1 and RAN2.

4>
process the received UL grant value and indicate it to the lower layers;

3>
if ra-PreambleIndex was explicitly signalled, and it was not 0b000000 (i.e., not selected by the MAC entity):

4>
consider the Random Access procedure successfully completed.

3>
else:

4>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

4>
if this is the first successfully received Random Access Response within this Random Access procedure:

5>
if the transmission is not being made for the CCCH logical channel:

6>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission;
5>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>
if ra-ResponseWindowSize expires, and;

1>
if the Random Access Response has not been received:

2>
consider the Random Access Response reception not successful;
2>
if the notification of power ramping suspension has not been received from lower layers:
3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to confirm from RAN1 on power ramping suspension, and can be added later.
2>
if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers;

3>
else if the Random Access Preamble is transmitted on a SCell:

4>
consider the Random Access procedure unsuccessfully completed;

2>
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
delay the subsequent Random Access Preamble transmission by the backoff time;

Editor's note: again, the backoff details can be discussed later.

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-responseWindowSize (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
HARQ operation is not applicable to the Random Access Response transmission.
5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.

Editor's note: Contention Resolution details also need to be confirmed by RAN2.

Once Msg3 is transmitted, the MAC entity shall:

1>
start ra-ContentionResolutionTimer and restart ra-ContentionResolutionTimer at each HARQ retransmission;

1>
monitor the PDCCH while ra-ContentionResolutionTimer is running;

Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).

1>
if notification of a reception of a PDCCH transmission is received from lower layers:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 

3>
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.

2>
else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Random Access procedure successfully completed.

4>
else

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.

1>
if ra-ContentionResolutionTimer expires:

2>
discard the TEMPORARY_C-RNTI;

2>
consider the Contention Resolution not successful.

1>
if the Contention Resolution is considered not successful:

2>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;

2>
if the notification of power ramping suspension has not been received from lower layers:

3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
if PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers.

2>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
2>
delay the subsequent Random Access Preamble transmission by the backoff time;

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
5.1.6
Completion of the Random Access procedure
Upon completion of the Random Access procedure, the MAC entity shall:

1>
discard explicitly signalled ra-PreambleIndex, if any;

1>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.

5.2
Maintenance of Uplink Time Alignment
5.3
DL-SCH data transfer
5.3.1
DL Assignment reception
Downlink assignments transmitted on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.
Editor's note: The term PDCCH is tentatively used to capture the agreement, but can be changed later.
5.3.2
HARQ operation
5.3.2.1
HARQ Entity
The MAC entity includes a HARQ 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 (see subclause 5.3.2.2).
Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
The number of parallel DL HARQ processes per HARQ entity is specified in TS 38.214 [7].

Editor's note: The exact reference (i.e. subclause) to be included later.
The HARQ process supports one TB when the physical layer is not configured for downlink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for downlink spatial multiplexing.
5.3.2.2
HARQ process

5.3.3
Disassembly and demultiplexing
The MAC entity shall disassemble and demultiplex a MAC PDU as defined in subclause 6.1.2.
5.4
UL-SCH data transfer
5.4.1
UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, or configured semi-persistently by RRC. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers.
Editor's note: The term PDCCH is tentatively used to capture the agreement, but can be changed later.
5.4.2
HARQ operation
5.4.2.1
HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink, which maintains a number of parallel HARQ processes.

Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].

Editor's note: The exact reference (i.e. subclause) to be included later.
The HARQ process supports one TB when the physical layer is not configured for uplink spatial multiplexing. The HARQ process supports one or more TB when the physical layer is configured for uplink spatial multiplexing.
Editor's note: When we have HARQ entity behaviours, the following SPS skipping behaviour should be captured: In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity. 
5.4.2.2
HARQ process

5.4.3
Multiplexing and assembly
5.4.3.1
Logical channel prioritization
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-
priority where an increasing priority value indicates a lower priority level;

-
prioritisedBitRate which sets the Prioritized Bit Rate (PBR);

-
bucketSizeDuration which sets the Bucket Size Duration (BSD).
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × NR-UNIT for each NR-UNIT, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD. It is up to UE implementation when to update Bj.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.
The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels in the following steps:
-
Step 1: Relevant logical channels for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

Editor's note: compared to LTE, 'All the logical channels' is replaced with 'Relevant logical channels for the UL grant'.

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;
NOTE:
The value of Bj can be negative.

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

Editor's note: the wording 'relevant' needs to be further clarified after having concrete RAN2 agreements (by considering e.g. numerology/TTI, packet duplication, transmission profile, etc.).

The UE shall also follow the rules below during the scheduling procedures above:
- 
the UE should not segment an RLC SDU (or partially transmitted 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 MAC entity;

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

-
the UE should maximise the transmission of data;
-
if the MAC entity is given an UL grant size that is equal to or larger than [X] bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
Editor's note: The 4th rule above can be checked further. The fixed value X should also be determined by RAN2.
If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs, the MAC entity shall not generate a MAC PDU for the HARQ entity in the following cases:

-
in case the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was addressed to a C-RNTI.
Editor's note:  The term C-RNTI is tentatively used to capture the agreement. Can be changed later.
Editor's note: The condition 'If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs' comes from LTE, and can be discussed later. Also aperiodic CSI condition from LTE is missing.
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-
…

Editor's note: The detailed priority order (e.g. CCCH/C-RNTI MAC CE -> BSR MAC CE -> PHR MAC CE, …) is not discussed yet, so leave it empty for the time being. Will be filled out later.
Editor's note: The name of RRC parameters priority, prioritisedBitRate, bucketSizeDuration, and skipUplinkTxDynamic are tentatively used to capture the agreement, but can be changed later.
5.4.3.2
Multiplexing of MAC Control Elements and MAC SDUs
The MAC entity shall multiplex MAC CEs and MAC SDUs in a MAC PDU according to subclauses 5.4.3.1 and 6.1.2.
5.4.4
Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. The MAC entity may be configured with one or more SR configurations. Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to one SR configuration, which is configured by RRC. Which SR configuration is used depends on the logical channel that triggers the SR.
Editor's note: Editor thinks SR configuration can be mapped to multiple logical channels (i.e. 'one or more' above), but RAN2 needs to confirm.

Editor's note: Above 'one' can be replaced with 'more' if RAN2 agrees to allow multiple configurations.
RRC configures the following parameters for the scheduling request procedure:
-
sr-ProhibitTimer;
-
sr-TransMax;
-
sr-ConfigIndex.

Editor's note: PHY-related parameters (i.e. sr-ConfigIndex (and maybe more)) can be corrected later.
The following UE variables are used for the scheduling request procedure:

-
SR_COUNTER.
When an SR is triggered, it shall be considered as pending until it is cancelled.

Editor's note: Editor thinks that the concept of SR_COUNTER and corresponding procedural text in LTE can be reused but procedural text is not captured yet. Note that if RAN2 considers having separate sr-ProhibitTimers and SR_COUNTER for each SR configuration, the text may need to be revised. It can be discussed in the future meetings.
5.4.5
Buffer Status Reporting
The Buffer Status reporting procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR reporting:

-
periodicBSR-Timer;

-
retxBSR-Timer;

-
logicalChannelSR-ProhibitTimer;

-
logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The MAC entity is configured with up to eight LCGs.
The MAC entity determines the amount of data available in a logical channel according to the data volume calculation procedure [3] [4].

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
the MAC entity has new UL data for a logical channel which belongs to an LCG; and either

-
the new UL data belongs to a logical channel with higher priority than the priority of any logical channel containing UL data which belong to any LCG; or
-
none of the logical channels which belong to an LCG contains any UL data;


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 of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-
retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, 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'.
Editor's note: The main definition of 'Regular BSR' has now been added according to the agreement, and Editor rephrased the text in LTE (e.g. to use 'new' instead of 'become available' (to use the term 'data volume'), and split the bullets for better readability.
For Regular BSR, the MAC entity shall:

1>
if the BSR is triggered for a logical channel for which logicalChannelSR-ProhibitTimer is configured by upper layers:

2>
start or restart the logicalChannelSR-ProhibitTimer;

1>
else:

2>
if running, stop the logicalChannelSR-ProhibitTimer.

For Regular and Periodic BSR, the MAC entity shall:
Editor's note: Depending on the detailed format for BSR (e.g. long, short, truncated) the text would be added above.
For Padding BSR:

Editor's note: Depending on the detailed format for BSR (e.g. long, short, truncated) the text would be added above.

The MAC entity shall:

1>
if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

2>
if UL-SCH resources are available for a new transmission in this NR-UNIT:

Editor's note: The term NR-UNIT is used tentatively instead of TTI.

3>
instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);

3>
start or restart periodicBSR-Timer;

Editor's note: additional condition to not (re)start the periodic timer in LTE (i.e. truncated BSR) is not captured since RAN2 did not agree to have the truncated BSR. It should be added if RAN2 agreed to have it for NR.

3>
start or restart retxBSR-Timer.

2>
else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

3>
if an uplink grant is not configured (i.e. Semi-Persistent Scheduling); or
3>
if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

4>
trigger a Scheduling Request.

A MAC PDU shall contain at most one MAC BSR CE, even when multiple events have triggered a BSR by the time.
The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.
Editor's note: The BSR cancellation part needs to be captured.
Editor's note: The concept of 'long BSR' and 'short BSR' is NOT captured since no agreements were made.

5.4.6
Power Headroom Reporting
5.5
PCH reception
When the MAC entity needs to receive PCH, the MAC entity shall:

1>
if a PCH assignment has been received on the PDCCH for the P-RNTI: 

2>
attempt to decode the TB on the PCH as indicated by the PDCCH information;
2>
if the TB on the PCH has been successfully decoded:
3>
deliver the decoded MAC PDU to upper layers.

5.6
BCH reception
When the MAC entity needs to receive BCH, the MAC entity shall:

1>
receive and attempt to decode the BCH;

1>
if a TB on the BCH has been successfully decoded:

2>
deliver the decoded MAC PDU to upper layers.

5.7
Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.
RRC controls DRX operation by configuring the following timers:

-
drx-onDurationTimer: the number of consecutive NR-UNIT(s) at the beginning of a DRX Cycle;

-
drx-InactivityTimer: the number of consecutive NR-UNIT(s) after the NR-UNIT in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;

-
drx-RetransmissionTimerDL: the maximum number of consecutive NR-UNIT(s) until a DL retransmission is received;

-
drx-RetransmissionTimerUL: the maximum number of consecutive NR-UNIT(s) until a grant for UL retransmission is received;

-
drx-LongCycle: the Long DRX cycle;

-
drx-ShortCycle (optional): the Short DRX cycle;
-
drx-ShortCycleTimer (optional): the number of consecutive NR-UNIT(s) the UE shall follow the Short DRX cycle.

Editor's note: The term PDCCH is tentatively used to capture the agreement, but can be changed later.
Editor's note: The name of RRC parameters are tentatively used to capture the agreement, but can be changed later.
Editor's note: From the discussion, it is unclear whether to introduce (DL/UL) HARQ RTT Timer (per HARQ process) for NR, and further discussion is required.
When a DRX cycle is configured, the Active Time includes the time while: 

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

Editor's note: Editor thinks the definition for the Active Time in LTE can be re-used, but RAN2 confirmation requires.
When DRX is configured, the MAC entity shall for each NR-UNIT:
Editor's note: From the discussion, it is unclear whether to introduce (DL/UL) HARQ RTT Timer for NR, and further discussion is required.
Editor's note: RAN2 did not discuss whether to introduce DRX command/ Long DRX Command MAC CE, and it should also be discussed (not captured in the procedural text below).
1>
if drx-InactivityTimer expires:

Editor's note: To use DRX Command MAC CE (in LTE) is missing above.
2>
if the Short DRX cycle is configured:

3>
start or restart drx-ShortCycle;

3>
use the Short DRX Cycle.

2>
else:

3>
use the Long DRX cycle.
1>
if drx-ShortCycle expires in this NR-UNIT:

2>
use the Long DRX cycle.
1>
if the Short DRX Cycle is used, and

// an equestion to calculate the Short DRX cycle starting point; or

1>
if the Long DRX Cycle is used, and

// an equestion to calculate the Long DRX cycle starting point:

Editor's note: equations to calculate the starting point of On Duration to be added later (after having NR SFN definition).
2>
start drx-onDurationTimer.

1>
if this NR-UNIT is part of  the Active Time:
Editor's note: Half-duplex and measurement gap conditions are not included, and may need to be added later.
2>
monitor the PDCCH;
2>
if the PDCCH indicates a new transmission (DL or UL):
3>
start or restart drx-InactivityTimer.
1> 
else (i.e. not part of the Active Time):

2>
not report CQI/PMI/RI/PTI on PUCCH.
Editor's note: The term PDCCH is tentatively used to capture the agreement, but can be changed later.
Editor's note: the text 'not report CQI/PMI/RI/PTI on PUCCH' can be revisited if RAN2 receives some inputs from RAN1 (including CQI mask). Also, whether to transmit SRS and HARQ feedbacks is unclear, and not captured at the moment.
5.8
Semi-Persistent Scheduling (SPS)
RRC configures the following parameters when Semi-Persistent Scheduling (SPS) is configured:
Editor's note: The acronym 'SPS' (which becomes quite familiar with the people) is used instead of Semi-Persistent Scheduling, but needs to be confirmed by RAN2.

-
sps-C-RNTI: SPS C-RNTI;
-
sps-IntervalDL: Downlink SPS interval if SPS is configured for the downlink;
-
sps-IntervalUL: Uplink SPS interval if SPS is configured for the uplink.
Editor's note: The name of RRC parameters sps-IntervalUL and sps-IntervalDL are tentatively used to capture the agreement, but can be changed later.
Editor's note: semiPersistSchedC-RNTI was tentatively added, but needs to confirm by both RAN1 and RAN2. Other parameters used in LTE (e.g. numberOfConfDL/ULSPS-Processes) can be added after having agreements in RAN2. Also editorial changes were made for the consistency.

When SPS for uplink or downlink is released by RRC, the corresponding configured grant or configured assignment shall be discarded.
Semi-Persistent Scheduling is supported on the SpCell, and the MAC entity is configured with at most one SPS configuration per serving cell.
Editor's note: It is still FFS if SPS on SCell will be supported. If SCell is not supported, the 'per serving cell' above can be removed.
5.8.1
Downlink
Editor's note: The equation to calculate DL assignment subframes/NR-UNITs to be added later (after having SFN details).
5.8.2
Uplink

Editor's note: The equation to calculate UL grant subframes/NR-UNITs to be added later (after having SFN details).
The MAC entity shall:

1>
if SPS confirmation has been triggered and not cancelled; and

1>
if the MAC entity has UL resources allocated for new transmission for this NR-UNIT:
2>
instruct the Multiplexing and Assembly procedure to generate an SPS confirmation MAC CE as defined in subclause 6.1.3.xx;

2>
cancel the triggered SPS confirmation.
The MAC entity shall clear the configured uplink grant immediately after first transmission of SPS confirmation MAC CE triggered by the SPS release.

NOTE:
Retransmissions for Semi-Persistent Scheduling may continue after clearing the configured uplink grant.
Editor's note: Based on the agreement, SPS confirmation part has been added based on LTE text (with some modifications to utilize a bullet style). Subclause number will be updated later.
5.9
Activation/Deactivation of SCells
If the MAC entity is configured with one or more SCells, the network may activate and deactivate the configured SCells.
The configured SCell(s) is activated and deactivated by:

-
receiving the Activation/Deactivation MAC CE described in subclause 6.1.3.X;

-
configuring sCellDeactivationTimer timer per configured SCell (except the SCell configured with PUCCH, if any): the associated SCell is deactivated upon its expiry.
Editor's note: subclause number for MAC CE needs to be updated later.

Editor's note: It is still unclear whether the SpCell is always activated, and yellow-highlighted part needs to be confirmed by RAN2.

The MAC entity shall for each NR-UNIT and for each configured SCell:
1>
if an Activation/Deactivation MAC CE is received in this NR-UNIT activating the SCell:

2>
activate the SCell:

Editor's note: activation details (e.g. PDCCH monitoring, CSI feedbacks, etc.) to be added later. Timing (by referencing RAN1/4 spec.) should also be added later, 
2>
start or restart the sCellDeactivationTimer associated with the SCell.
Editor's note: trigger PHR is missing, and should be discussed by RAN2.

1>
else if an Activation/Deactivation MAC CE is received in this NR-UNIT deactivating the SCell; or

1>
if the sCellDeactivationTimer associated with the activated SCell expires in this NR-UNIT: 

2>
deactivate the SCell;

Editor's note: deactivation details (e.g. to not performing PDCCH monitoring, CSI feedbacks, etc.) to be added later. Timing (by referencing RAN1/4 spec.) should also be added later, 
2>
stop the sCellDeactivationTimer associated with the SCell;

2>
flush all HARQ buffers associated with the SCell.

1>
if PDCCH on the activated SCell indicates an uplink grant or downlink assignment; or

1>
if PDCCH on the Serving Cell scheduling the activated SCell indicates an uplink grant or a downlink assignment for the activated SCell:

2>
restart the sCellDeactivationTimer associated with the SCell;

HARQ feedback for the MAC PDU containing Activation/Deactivation MAC CE shall not be impacted by PCell, PSCell and PUCCH SCell interruptions due to SCell activation/deactivation [9].
Editor's note: Editor thinks the above principle is applicable to NR, but needs to confirm by RAN2.
When SCell is deactivated, the ongoing Random Access procedure on the SCell, if any, is aborted.
5.10
Activation/Deactivation of PDCP duplication
If one or more DRBs are configured with PDCP duplication, the network may activate and deactivate the PDCP duplication for the configured DRB(s).

The PDCP duplication for the configured DRB(s) is activated and deactivated by:

-
receiving the Duplication Activation/Deactivation MAC CE described in subclause 6.1.3.X;

Editor's note: The name of the MAC CE (i.e. Duplication Activation/Deactivation MAC CE) can be updated later.
Editor's note: subclause number for MAC CE needs to be updated later.

The MAC entity shall for each NR-UNIT and for each configured DRB:
1>
if a Duplication Activation/Deactivation MAC CE is received in this NR-UNIT activating the PDCP duplication of the DRB:

2>
indicate the activation of PDCP duplication of the DRB to upper layers.

1>
if a Duplication Activation/Deactivation MAC CE is received in this NR-UNIT deactivating the PDCP duplication of the DRB:

2>
indicate the deactivation of PDCP duplication of the DRB to upper layers.

5.11
MAC reconfiguration
When a reconfiguration of the MAC entity is requested by upper layers, the MAC entity shall:

-
initialize the corresponding HARQ entity upon addition of an SCell;

-
remove the corresponding HARQ entity upon removal of an SCell;

-
apply the new value for timers when the timer is (re)started;

-
apply the new maximum parameter value when counters are initialized;

-
apply immediately the configurations received from upper layers for other parameters.
5.12
MAC Reset
5.13
Handling of unknown, unforeseen and erroneous protocol data
6
Protocol Data Units, formats and parameters
6.1
Protocol Data Units
6.1.1
General
A MAC PDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. In the figures in clause 6, bit strings are represented by tables in which the most significant bit is the leftmost bit of the first line of the table, the least significant bit is the rightmost bit on the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order of the lines. The bit order of each parameter field within a MAC PDU is represented with the first and most significant bit in the leftmost bit and the last and least significant bit in the rightmost bit.
A MAC SDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. A MAC SDU is included into a MAC PDU from the first bit onward.
A MAC CE is a bit string that is byte aligned (i.e. multiple of 8 bits) in length.
A MAC subheader is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. Each MAC subheader is placed immediately in front of the corresponding MAC SDU, MAC CE, or padding.
The MAC entity shall ignore the value of Reserved bits in downlink MAC PDUs.
6.1.2
MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:

-
A MAC subheader only (including padding);
- 
A MAC subheader and a MAC SDU;

-
A MAC subheader and a MAC CE;

-
A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields [R/F/LCID/L]. A MAC subheader for fixed sized MAC CE and padding consists of the two header fields [TBD].
Editor's Note: the order of R/F/LCID/L is not determined yet, and can be changed later.

Editor's Note: header format for fixed sized MAC CE and padding also needs to be determined (e.g. R/LCID or R/F/LCID)

Editor's Note: Figures for two types of MAC subheader are still missing as no concrete agreements reached yet. To be added later.

MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-3. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-4.
Editor's note: The example of PDU format for both DL and UL can be illustrated later after having concrete agreements on MAC PDU format like below: (still the order of R/F/LCID/L is TBD)
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Figure 6.1.2-3: Example of a DL MAC PDU
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Figure 6.1.2-4: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
6.1.3
MAC Control Elements
Editor's Note: Editor thinks the following MAC CEs are essential, but RAN2 should discuss first.

-
C-RNTI MAC CE

-
BSR MAC CE

-
UE Contention Resolution Identity MAC CE (in RA)

-
Timing Advance Command MAC CE

-
DRX Command MAC CE, Long DRX Command MAC CE

-
SPS confirmation MAC CE
-
PHR MAC CE (also need to consider CA and DC)

-
Activation/Deactivation MAC CE (for CA)

-
Duplication Activation/Deactivation MAC CE (for PDCP duplication)

6.1.3.1
Buffer Status Report MAC Control Elements
6.1.4
MAC PDU (transparent MAC)
A MAC PDU consists solely of a MAC SDU whose size is aligned to a TB; as described in figure 6.1.4-1. This MAC PDU is used for transmissions on PCH, BCH, and DL-SCH including BCCH.
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Figure 6.1.4-1: Example of MAC PDU (transparent MAC)
6.1.5
MAC PDU (Random Access Response)
6.2
Formats and parameters

6.2.1
MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the L field is indicated by the F field;

-
F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs. The size of the F field is 1 bit. The value 0 indicates [TBD1] bits of the Length field. The value 1 indicates [TBD2] bits of the Length field;
Editor's Note: RAN2 only agreed to have two L fields, and sizes for them are still TBD. RAN2 will determine the sizes between 7/15 and 8/16 in RAN2#99.
-
R: Reserved bit, set to "0".

The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	000000
	CCCH

	
	

	111111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	000000
	CCCH

	
	

	111111
	Padding


6.2.2
MAC subheader for Random Access Response
6.2.3
MAC payload for Random Access Response
7
Variables and constants

7.1
RNTI values
Annex <A> (normative):
<Normative annex title>

Annex <B> (informative):
<Informative annex title>

Annex <X> (informative):
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Annex <Y> (informative; to be removed later): RAN2 Agreements

Y.1
RAN2#97bis (Spokane, WA, USA)

Agreements on MAC architecture:

-
One MAC entity handles all the transport channels at least in single connectivity.

-
In the 38.321 MAC entity is used instead of UE 

-
One MAC entity per CG is supported 

-
NR CA is supported by one MAC entity, as in LTE

-
A single DL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity

-
A single UL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity

-
To support BCCH, PCCH, CCCH, DCCH and DTCH as logical channels
-
BCCH, PCCH, CCCH, DCCH and DTCH have the similar characteristics as LTE

-
The mapping between logical channels and transport channels is the same as LTE

Agreements on MAC PDU format:

-
MAC SDUs, MAC subheaders, and MAC PDU are byte aligned (i.e., multiple of 8 bits).

-
MAC subheaders are placed immediately in front of the corresponding MAC SDUs, MAC CEs, or padding.  The possibility to parse the MAC PDU from the back is not precluded.  


-
MAC CEs are grouped together 

-
UL MAC CE(s) is placed after all the MAC SDUs.  For DL the placement will be deterministic (i.e. it should not be up to the network to decide).  FFS if we have the same behaviour for both or for DL the MAC CE is placed at the front


	Agreements on Random Access:

-
The random access procedure in NR is supported at least for the following events:

(1)
Initial access from RRC_IDLE;

(2)
RRC Connection Re-establishment procedure;

(3)
Handover;

(4)
DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5)
UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

(6)  Transition from RRC_INACTIVE to RRC_CONNECTED


-
In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE
-
The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE

-
There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization



Agreements on LCP

-
Priority, PBR concept is used in NR as a baseline. 

-
For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled 

-
Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to done to treat logical channels differently


Agreements on grant-free

=>
From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.  

Agreements on SPS:

-
Like in legacy LTE, at least SPS period is configured by RRC.  FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion. 

-
UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable

-
Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.

Agreements on SR/BRS
-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   


-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed


Agreements on HARQ:

-
RAN2 aims to make the L1 HARQ feedback transmission scheme (PUCCH, mapped to PUSCH, timing) transparent to MAC specification.

-
Working assumption: One HARQ entity should only serve one carrier. 

-
HARQ information shall at least include the NDI, TBS, RV, and HARQ Process ID

-
A UE not using DL spatial multiplexing shall expect at most one TB per HARQ process.

-
A UE can transmit at most one TB per UL HARQ process per TTI.


Agreements on DRX
-
A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configuration are supported.

-
When MAC entity is awake it monitors “PDCCH” occasion 

-
In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles

Y.2
RAN2#98 (Hangzhou, China)

Agreements

1. To use the terminologies PTAG/STAG, instead of pTAG/sTAG.

2. We will describe only the UE MAC entities

3. To confirm that DCCH can be carried by SCG. The number of DCCH should be one (i.e. SRB3)

4. Random access triggering events are specified in stage 2

5. drx-RetransmissionTimers are separately configured for DL and UL (as in LTE)

6. Short DRX cycle is optional (as in LTE)

Agreements 

1.
The DL MAC CE is always placed before any MAC SDU and padding

2.
FFS for UL MAC CE if we have a pointer and if it is before or after padding


=>
MAC concatenation optimizations are not supported in Rel-15

=>
Out of order processing of MAC CEs is not considered a problem

Agreements

1.
The E field is not present in NR MAC sub-header.

2.
F2 fields are not present in NR MAC sub-header.

3. 
Variable L fields size with two values will be supported.  The F field is included.  Size is FFS 

4.
The size of LCID field is 6 bits

5.
The L field is not present for the fixed-size MAC CE

6.
The L field is present for variable-size MAC CE

7. 
The L field is present for every MAC SDU. FFS if no L field is present for padding 

Agreements

1. A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.

As in LTE:

2. After transmitting the RACH preamble, UE monitors for RAR in RAR window

3. RAR window starts at fixed duration from the end of RACH transmission occasion.
 The value of fixed duration is FFS and shorter than LTE.

4. The size of RAR window is configurable 

5. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble

6. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.

7. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 

8. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.
9. When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.
10. when performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.

Agreements

1.
Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  
The granularity of SR configuration for a logical channel is FFS.


2. 
From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.  

3.
RAN2 does not see the need to convey buffer status information.  

4. 
Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR. 

Agreements

1. The number of LCGs will be increased up to 8.  

2. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 

3. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configured infinite value for this timer.

4. The logicalChannelSR-Mask is supported 

Agreements

1.
For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). An abstraction based on index or profiles can be supported.   Exact parameters are FFS.  

Agreements:

1. Logical Channel Priority is configured per MAC entity per logical channel 

2. PBR is not configured per numerology, it is per “logical channel” as in LTE 

3. Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  

4. FFS if it is up to UE implementation how the UL grants are processed if multiple UL grants are received or some form of prioritization guidelines are specified.  

Agreements 

1.
In NR, when the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.

2.
LCP is performed the same regardless whether the grant is dynamic or SPS.  SPS is a “configured grant”.

3.
FFS is multiple SPS is supported for duplication or to support different numerologies

4.
Implicit release of UL SPS resources is not supported 

Agreements:

1. RAN2 aims to keep Multi-bit HARQ feedback and CBG-based retransmission transparent to the MAC for one TB

2. A single HARQ process supports one TB when the physical layer is not configured for downlink/uplink spatial multiplexing.

3. A single HARQ process supports one or multiple TBs when the physical layer is configured for downlink/uplink spatial multiplexing.

4. One HARQ entity should be supported in one carrier

Agreements

1. Activation/deactivation is supported for NR CA

2. As in LTE, Activation/deactivation is controlled per CC by explicit indication and implicit mechanism for NR CA

3. Configuration of implicit deactivation mechanism is per CC for NR CA

=>
Agree to additions (of BCH and PCH in R2-1704480) in TS

Y.3
RAN2 NR AH#2 (Qingdao, China)

Discussion of R2-1706609 (i.e. small issues)
Proposal 2: To confirm the three-step LCP procedures defined in LTE are used as a bassline (as captured in the running TS).

=> confirmed

Proposal 4: To confirm the four rules for LCP defined in LTE are re-used as it is.

=> confirmed and check if further update is needed to the fourth rule.  

Proposal 5: To confirm that to allocate a logical channel to an LCG is optional (as in LTE).

=> confirmed

Proposal 7: To re-use the MAC reconfiguration procedures as defined in LTE.

=> confirm

Proposal 8: To confirm that if SPS is disabled (released), the corresponding configured grant or configured assignment shall be discarded (as in LTE).

=> confirm 

Proposal 9: The term 'enabled/ disabled' used in LTE for SPS is replaced with 'setup/ released' for NR (if we reuse the LTE text for SPS).

=> The terminology should be cleaned up: 

Proposal 10: To re-use LTE text for the SPS confirmation part.

=> confirm 

Proposal 13: To use the term 'MAC subheader' when referring the header in MAC sublayer.

Proposal 14: To confirm that the MAC entity shall ignore the value of Reserved bits of the value in downlink MAC PDUs (as in LTE)

=> confirm

Proposal 15: To use the term 'MAC subPDU' to describe a set of MAC subheader and possibly MAC SDU/CE/padding.

=> the term MAC subPDU is used

Proposal 16: To confirm that the MAC entity transmits one MAC PDU per TB (as in LTE).

=> confirm

Agreements 

1.
UL MAC CEs are multiplexed after all MAC SDUs and before the padding in the MAC PDU and no Length indicator is place at the end of PDU

2.
The LCID values are shared between MAC SDUs and MAC CEs as in LTE.  The LCID reserved values are in the middle like LTE. 

3.
The LCID values are used to distinguish types of MAC CEs like in LTE

4.
As in LTE, L field is not necessary for padding in the padding subheader

5.
The details of the header fields lengths are FFS 

6.  
F field contains one bit 

7.
As a baseline, the MAC header is not further optimized

=>
Two preamble groups for msg3 size indication is sufficient as a baseline

Agreements

1. The RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations.  From the RAN2 perspective, it is beneficial to be as low as possible, possibly zero.  Ask RAN1 what is the lowest processing time the UE can assume.    

2. Similar as in LTE, there is no HARQ for RAR transmission in NR.  

Agreements
1. In case multiple SRs are configured, for each LCH, there will be a mapping between LCHs and SR configuration and the mapping should be configured by RRC signalling.  FFS if grouping is needed.  
2. A logical channel can be mapped to none or one SR configuration.  FFS if a logical channel can be mapped to more than one SR configuration.  

Agreements

=>
No new BSR triggers in addition to LTE are needed 

Agreements

1.
At least numerology and TTI length are included/taken into account for restriction for LCP.  

FFS if any other parameters need to be considered for LCP

FFS how LCP is modelled

FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC

Agreements 

=>
Modelling in the MAC for grant-free will be discussed after the difference between the two schemes is better understood pending RAN1 progress.  RAN2 will aim to have a unified MAC operation for common functionalities between grant-free and UL SPS with understanding that there can be differences after input from RAN1. 

=>
RAN2 understands that to support UL SPS similar to LTE a mode of operation in which RRC configuration (with no initial PHY resources) with L1 activation/deactivation needs to be supported.  RAN2 will continue discussion on UL SPS, with LTE functionality.  

=>
A common RRC signalling can be design to allow the configuration of different UL transmissions schemes.  

Agreements 

-
Multiple SPS for the same cell will not be supported.  

-
SPS on PSCell will be supported

FFS if SPS on SCell will be supported

Agreements
1. As a baseline, a single DRX configuration like in LTE will be supported.  

2. The DL and UL HARQ RTT timer are not static values.   FFS if the timer is removed or how it is set.   

Agreements
1.
Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 

2.
The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.

3.
For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  

4.
Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.

FFS if fall back to split bearer is supported for DC . 

=>
The maximum value of long DRX cycle in connected mode can be as long as NR SFN can provide.  The possible value ranges are FFS
.  

=>
eDRX values for IDLE mode are not supported in this release of NR.   

Y.4
RAN2#99 (Berlin, Germany)

�C�aptured in clause 4.


�Captured, and will apply to all the future updates.


�Captured in subclause 4.2.1 (one per MCG/ SCG)


�Captured in subclause 4.3.2.


�Captured in subclause 4.5.


�Captured in subclause 6.1.


�Former part was captured, and latter part was not captured, and waits for RAN2 conclusion.


�Latter part does not have to be captured based on the agreements in RAN2 NRAH#2.


�Former parts (MAC CE, UL MAC CE) were captured while DL MAC CE part is not captured, and waits for RAN2 conclusion.


�DL MAC CE placement is captured in subclause 6.1.2.


�Not captured but should be captured in stage-2 if we follow LTE principle; added reference to subclause  5.1.


�No need to capture it since RAN2 decided to capture it to stage-2.


�NOT captured but should be captured in stage-2 if we follow LTE principle.


�Former part was captured as a Note as in LTE.in subclause 5.1.1. FFS part was not captured and waits for RAN2 conclusion.


�Captured in subclause 5.4.3.1.


�NOT captured yet.


�NOT captured, and waits until stable conclusions.


�Captured in subclause 5.4.3.1.


�NOT captured, and waits until stable conclusions.


�Captured in subclause 5.10.


�Captured in subclause 5.4.3.1.


�NOT captured, and will be captured when we settle with DRX details.


�NOT captured, and waits for concrete agreements.


�This can be realized by having multiple SR configurations, which is captured in subclause 5.4.4.


�Some text was copied from LTE specification, but not sure what 'LTE BSR framework' means. Only copied a few things from LTE specifications, and need to confirm from RAN2.


�LTE BSR framework (e.g. periodicBSR, retxBSR) captured.


�Assume it is not part of capturing, but will keep it in mind while capturing in HARQ procedures.


�Captured in subclauses 5.3.2.1 and 5.4.2.1.


�Captured in subclause 3.1 (i.e. Definitions).


�Captured in subclause 5.3.2.2.


�Captured in subclause 5.4.2.2.


�Updated agreements (one or more) are captured in 5.4.2.2.


�NOT captured but should be captured in stage-2 if we follow LTE principle.


�Captured in subclause 5.7.


�Captured in subclause 3.2 by removing Editor's Note.


�Captured in subclauses 4.1, 4.2.1, and 4.4 (by updating the text and removing Editor's Note)


�Captured in subclause 4.2.1 (by updating the Figure, and removing Editor's Note)


�Captured in subclause 5.1.1 by removing Editor's Note.


�Captured in subclause 5.7.


�Captured in subclause 6.1.2.


�Not captured yet: keep the Editor's Note in subclause 6.1.


�Captured in subclause 6.1.2 according to the agreements in RAN2 NRAH#2.


�No need to capture it.


�No need to capture it.


�No need to capture them.


�Captured in subclause 6.2.1 with Editor's Note. TBD values will be updated later.


�Captured in subclause 6.2.1.


�Captured in subclause 6.2.1.


�FFS part is NOT captured, and wait for RAN2 decision.


�Not captured yet, and Editor thinks it can be captured in the RRC specification.


�Captured in subclause 5.1.4.


�Captured in subclause 5.1.4.


�Captured with Editor's Note. Also the term 'NR-UNIT' is used tentatively, instead of TTI.


�Captured in subclause 5.1.1. (part of configured parameters).


�Captured in subclause 5.1.4.


�Captured in subclause 5.1.1.


�Preamble TX part is captured in 5.1.3 while RAR RX part is captured in 5.1.4 by using the term SpCell as in LTE


�Captured in the beginning of subclause 5.4.4.


�FFS part is not captured yet.


�Captured in subclause 5.4.4 (i.e. granularity is LCH)


�No need to capture it


�Captured in subclause 5.4.5.


�Captured by removing Editor's Note in subclause 5.4.5.


�Captured in subclause 5.4.5.


�Captured in subclause 5.4.5.


�NOT captured yet, and wait for further agreements.


�Captured in subclause 5.4.3.1


�Former part is captured, and Editor thinks latter part does not have to be captured.


�No need to capture it at the moment.


�Not captured yet, but added Editor's Note in subclause 5.4.2.1.


�Editor thinks it is already covered by 'whenever a new transmission is performed' in subclause 5.4.3.1.


�NOT captured yet, but added Editor's Note in subclause 5.10.


�No need to capture it.


�NOT captured yet, but the principle will be used when we have text on detailed HARQ procedure.


�DL part is captured in subclause 5.4.1.1, and UL part is captured in subclause 5.4.2.1. Also the previous UL text was removed.


�No need to capture further since it is already covered by the existing text 'The MAC entity includes a HARQ entity for each Serving Cell' for both DL and UL.


�Already captured by having a subclause 5.11.


�Captured in subclause 5.11.


�Captured in subclause 5.11 (by having text 'configuring sCellDeactivationTimer timer per configured SCell'), and it should also be implemented in RRC.


�Captured in subclauses 5.5, 5.6 and 6.1.4.


�Captured in subclause 5.4.3.1 by updating the Editor's Note.


�Captured in subclause 5.4.3.1 by updating the Editor's Note.


�Captured in subclause 5.4.5 by removing the Editor's Note.


�Captured in subclause 5.10 (copied the text from LTE). Also note that the order of subclauses has been rearranged.


�Captured in subclause 5.8 by removing the Editor's Note.


�Captured in subclause 5.8 by replacing 'disable' to 'release'. Also the term activate/deactive will be used for L1 siganlling.


�Captured in subclause 5.8.2 with some modifications.


�Captured in subclause 6.1.1 by removing the Editor's Note.


�Captured in subclause 6.1.1 by removing the Editor's Note.


�Captured in subclause 6.1.1 by updating the Editor's Note. Also the term has been updated to 'MAC subPDU' (from sub-PDU).


�Captured in subclause 6.1.2 by removing the Editor's Note.


�Captured in subclause 6.1.2.


�No need to captured, and the Tables 6.2.1-1 and 6.2.1-2 will be updated accordingly later.


�Captured in subclause 6.2.1 by updating definition of L field.


�No need to capture it at the moment.


�Captured in subclause 6.2.1 by removing the Editor's Note.


�No need to capture it.


�Captured in both subclauses 5.1.1 and 5.1.2. 


�No need to capture it, and waits for feedback from RAN1.


�Captured at the end of subclause 5.1.4.


�Captured in subclause 5.4.4.


�Captured in subclause 5.4.5 by adding the main definition of regular BSR (also rephrased a bit)


�Not captured yet but updated Editor's Note in subclause 5.4.3.1: still need more concrete agreements (e.g. whether to use the concept of 'transmission profile' or to configure numerology/TTI to LCP directly.


�Not captured pending RAN1 inputs.


�Not captured yet, and to be captured when the procedural text for HARQ is added.


�Not captured in the MAC specification but needs to be captured later in the RRC specification.


�Captured in subclause 5.8.


�Captured in subclause 5.7: with all the agreements on DRX so far RAN2 made, Editor thinks the LTE text can be used as a baseline, and has added a basic procedural text.


�Not captured yet: from the discussion, Editor thinks it is unclear whether to preserve or remove the HARQ RTT timer.


�No need to capture it.


�No need to capture it.


�Not captured yet, and Editor assumes the detailed format can be discussed by contributions.


�No need to capture it in the MAC specification.


�Not captured, and wait for concrete agreements.


�No need to capture it in the MAC specification, but should be in the RRC.


�No need to capture it in the MAC specification, but probably in 38.304.
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