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	Reason for change:
	1. HARQ information is used by HARQ operation for SL. However, current definition of HARQ information consists of NDI and TB size. Since NDI is not used by HARQ operation for SL, the definition should be updated.
2. The new function “radio resource selection” has been added into the corresponding table, but is missing in the list of functions supported by MAC sublayer.

3. Currently, when timeAlignmentTimer expires, UE would stop SL transmissions performed based on UL timing. And, UE would flush all HARQ buffers. However, it is unclear whether to flush only the UL HARQ buffers or both UL and SL HARQ buffers. If SL HARQ buffers are flushed, it would result in unnecessary interruption and data missing for SL transmissions performed based on DL timing.
4. For future proof, UE behaviour to handle reception of MAC PDUs containing reserved values, e.g. in MAC PDU format version number field, on SL-SCH should be specified.

5. The subject to apply logical channel prioritization rules for SL should be UE instead of MAC entity, e.g. because MAC entity is not responsible for segmentation of RLC SDUs.

6. Sidelink BSR is used to provide status of SL buffer in RLC and PDCP, but not status of SL buffer in MAC.
7. Since Sidelink BSR has lower priority than BSR and PHR, it is insufficient to only check the number of bits in the UL grant to decide whether to report complete Sidelink BSR or not. Triggered BSR and PHR should also be taken into account.

	
	

	Summary of change:
	1. HARQ information for SL consists of TB size.

2. Add “radio resource selection for SL” as a function supported by MAC sublayer.

3. When timeAlignmentTimer expires, UE flushes all UL HARQ buffers, i.e. UE does not flush SL HARQ buffers.

4. MAC entity discards MAC PDUs received on SL-SCH if the MAC PDUs contain reserved values.

5. The subject to apply logical channel prioritization rules for SL is changed to UE, i.e. align with logical channel prioritization for UL in 5.4.3.1.

6. Sidelink BSR provides information about the amount of sidelink data available for transmission in the SL buffers associated with the MAC entity.
7. MAC entity reports complete Sidelink BSR if the UL grant can accommodate complete Sidelink BSR plus its subheader as a result of logical channel prioritization.
Impact analysis

Impacted functionality:

ProSe.

Inter-operability:

No inter-operability problems are foreseen.

	
	

	Consequences if not approved:
	3.  SL transmissions are unnecessarily interrupted and SL data is missing when timeAlignmentTimer expires.
4.  Handling of MAC PDUs containing reserved values on SL-SCH is not specified.

7.  LCID for Sidelink BSR may be set incorrectly, e.g. set to “Sidelink BSR” even when Truncated Sidelink BSR is reported.
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	Other comments:
	


3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].

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

mac-ContentionResolutionTimer: Specifies the number of consecutive subframe(s) during which the MAC entity shall monitor the PDCCH after Msg3 is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). 
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Figure 3.1-1: DRX Cycle

drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL, DL or SL user data transmission for this MAC entity.

drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.
drxShortCycleTimer: Specifies the number of consecutive subframe(s) the MAC entity shall follow the Short DRX cycle.

drxStartOffset: Specifies the subframe where the DRX Cycle starts.

HARQ information: HARQ information for DL-SCH or UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block (TB) size. For DL-SCH transmissions the HARQ information also includes HARQ process ID. 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 set of NDI and TB size for each transport block. HARQ information for SL consists of TB size.
HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the MAC entity.

Msg3: Message transmitted on UL-SCH containing a C-RNTI MAC CE or CCCH SDU, submitted from upper layer and associated with the UE Contention Resolution Identity, as part of a random access procedure.
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.

PDCCH: Refers to the PDCCH [7], EPDCCH (in subframes when configured) or, for an RN with R-PDCCH configured and not suspended, to the R-PDCCH.

PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity configured with only FDD serving cell(s), this represents any subframe; for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.

PRACH Resource Index: The index of a PRACH within a system frame [7]

Primary Timing Advance Group: Timing Advance Group containing the SpCell.
ra-PRACH-MaskIndex: Defines in which PRACHs within a system frame the MAC entity can transmit a Random Access Preamble (see subclause 7.3).
RA-RNTI: The Random Access RNTI is used on the PDCCH when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the MAC entity to transmit the Random Access preamble.

SC Period: Sidelink Control period, the time period consisting of transmission of SCI and its corresponding data.
SCI: The Sidelink Control Information contains the sidelink scheduling information such as resource block assignment, modulation and coding scheme and Group Destination ID [5].

Secondary Timing Advance Group: Timing Advance Group not containing the SpCell. A Secondary Timing Advance Group contains at least one Serving Cell with an UL configured.
Serving Cell: A Primary or a Secondary Cell [8].
Sidelink: UE to UE interface for ProSe direct communication and ProSe direct discovery. It corresponds to the PC5 interface.
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG, otherwise the 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 Advance value.

NOTE:
A timer is running once it is started, until it is stopped or until it expires; otherwise it is not running. A timer can be started if it is not running or restarted if it is running. A Timer is always started or restarted from its initial value.
	Next change


4.4
Functions

The following functions are supported by MAC sublayer:

-
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;

-
priority handling between UEs by means of dynamic scheduling;

-
priority handling between logical channels of one MAC entity;

-
Logical Channel prioritisation;

-
transport format selection;

-
radio resource selection for SL.

The location of the different functions and their relevance for uplink and downlink respectively is illustrated in Table 4.4-1.

Table 4.4-1: MAC function location and link direction association.

	MAC function
	UE
	eNB
	Downlink
	Uplink
	Sidelink tx
	Sidelink rx

	Mapping between 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 between UEs
	
	X
	X
	X
	
	

	Priority handling between logical channels of one MAC entity
	
	X
	X
	X
	
	

	Logical Channel prioritisation
	X
	
	
	X
	X
	

	Scheduling information reporting
	X
	
	
	X
	
	

	Radio Resource Selection
	X
	
	
	
	X
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5.2
Maintenance of Uplink Time Alignment

The MAC entity has a configurable timer timeAlignmentTimer per TAG. The timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned [8].

The MAC entity shall:

-
when a Timing Advance Command MAC control element is received:

-
apply the Timing Advance Command for the indicated TAG;

-
start or restart the timeAlignmentTimer associated with the indicated TAG.

-
when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:

-
if the Random Access Preamble was not selected by the MAC entity:

-
apply the Timing Advance Command for this TAG;

-
start or restart the timeAlignmentTimer associated with this TAG.

- 
else, if the timeAlignmentTimer associated with this TAG is not running:

-
apply the Timing Advance Command for this TAG;

-
start the timeAlignmentTimer associated with this TAG;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer associated with this TAG.
-
else:

-
ignore the received Timing Advance Command.

-
when a timeAlignmentTimer expires:

-
if the timeAlignmentTimer is associated with the pTAG:
-
flush all UL HARQ buffers for all serving cells;

-
notify RRC to release PUCCH/SRS for all serving cells;

-
clear any configured downlink assignments and uplink grants;

-
consider all running timeAlignmentTimers as expired;

-
else if the timeAlignmentTimer is associated with an sTAG, then for all Serving Cells belonging to this TAG:
-
flush all UL HARQ buffers;

-
notify RRC to release SRS.
When the MAC entity stops uplink transmissions for an SCell due to the fact that the maximum uplink transmission timing difference (as described in subclause 7.9.2 of TS 36.133 [9]) or the maximum uplink transmission timing difference the MAC entity can handle between TAGs of this MAC entity is exceeded, the MAC entity considers the timeAlignmentTimer associated with the SCell as expired.
The MAC entity shall not perform any uplink transmission on a Serving Cell except the Random Access Preamble transmission when  the timeAlignmentTimer associated with the TAG to which this Serving Cell belongs is not running. Furthermore, when the timeAlignmentTimer associated with the pTAG is not running, the MAC entity shall not perform any uplink transmission on any Serving Cell except the Random Access Preamble transmission on the SpCell.
The MAC entity shall not perform any sidelink transmission which is performed based on UL timing of the corresponding serving cell and any associated SCI transmissions when the corresponding timeAlignmentTimer is not running.
NOTE:
A MAC entity stores or maintains NTA upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The MAC entity applies a received Timing Advance Command MAC control element and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running.
	Next change


5.11
Handling of unknown, unforeseen and erroneous protocol data

When a MAC entity receives a MAC PDU for the MAC entity’s C-RNTI or Semi-Persistent Scheduling C-RNTI, or by the configured downlink assignment, or on SL-SCH, containing reserved or invalid values, the MAC entity shall:

-
discard the received PDU.

When a MAC entity receives a MAC PDU on MCH containing reserved values, the MAC entity shall:

-
ignore the fields in the PDU header and the control elements containing reserved values and the corresponding parts indicated by the fields in the received PDU.
	Next change


5.14.1.1
SL Grant reception and SCI transmission

In order to transmit on the SL-SCH the MAC entity must have a sidelink grant. The sidelink grant is selected as follows:

-
if the MAC entity is configured to receive a sidelink grant dynamically on the PDCCH or EPDCCH and more data is available in STCH than can be transmitted in the current SC period, the MAC entity shall:

-
using the received sidelink grant determine the set of subframes in which transmission of SCI and transmission of first transport block occur according to subclause 14.2.1 of [2];

-
consider the received sidelink grant to be a configured sidelink grant occurring in those subframes starting at the beginning of the first available SC Period which starts at least 4 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;

-
clear the configured sidelink grant at the end of the corresponding SC Period;

-
else, if the MAC entity is configured by upper layers to transmit using a pool 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 and if the MAC entity does not have a configured sidelink grant, the MAC entity shall:

-
randomly select a sidelink grant from the resource pool configured by upper layers. The random function shall be such that each of the allowed selections [2] can be chosen with equal probability;

-
using the selected sidelink grant determine the set of subframes in which transmission of SCI and transmission of first transport block occur according to subclause 14.2.1 of [2];

-
consider the selected sidelink grant to be a configured sidelink grant occurring in those subframes starting at the beginning of the first available SC Period which starts at least 4 subframes after the subframe in which the sidelink grant was selected;

-
clear the configured sidelink grant at the end of the corresponding SC Period;

NOTE:
Retransmissions on SL-SCH cannot occur after the configured sidelink grant has been cleared.

The MAC entity shall for each subframe:

-
if the MAC entity has a configured sidelink grant occurring in this subframe:

-
if the configured sidelink grant corresponds to transmission of SCI:

-
instruct the physical layer to transmit SCI corresponding to the configured sidelink grant.

-
else if the configured sidelink grant corresponds to transmission of first transport block:

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

	Next change


5.14.1.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The UE shall allocate resources to the sidelink logical channels according to the following rules:

- 
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 of the associated MAC entity; 

-
if the UE segments an RLC SDU from the sidelink 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 sidelink grant size that is equal to or larger than 10 bytes while having data available for transmission, the MAC entity shall not transmit only padding.

NOTE:
The rules above imply that the order by which the sidelink logical channels are served is left for UE implementation. 
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5.14.1.4
Buffer Status Reporting

The sidelink Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of sidelink data available for transmission in the SL buffers associated with the MAC entity. RRC controls BSR reporting for the sidelink by configuring the two timers periodic-BSR-TimerSL and retx-BSR-TimerSL. Each sidelink logical channel is allocated to an LCG with LCGID set to "11"[8] and belongs to a ProSe Destination.

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

-
if the MAC entity has a configured SL-RNTI:

-
SL data, for a sidelink logical channel of a ProSe Destination, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and there is currently no data available for transmission for any of the sidelink logical channels belonging to 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 after a Padding BSR has been triggered is equal to or larger than the size of the Sidelink BSR MAC control element containing the buffer status for at least one ProSe Destination plus its subheader, in which case the Sidelink BSR is referred below to as "Padding Sidelink BSR";

-
retx-BSR-TimerSL expires and the MAC entity has data available for transmission for any of the sidelink logical channels, in which case the Sidelink BSR is referred below to as "Regular Sidelink BSR";

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

-
else:

-
An SL-RNTI is configured by upper layers and SL data is available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively), in which case the Sidelink BSR is referred below to as "Regular Sidelink BSR".

For Regular and Periodic Sidelink BSR:

-
if the UL grant can accommodate a Sidelink BSR containing buffer status for all ProSe Destinations having data available for transmission plus its subheader as a result of logical channel prioritization:

-
report Sidelink BSR containing buffer status for all ProSe Destinations having data available for transmission;

-
else report Truncated Sidelink BSR containing buffer status for as many ProSe Destinations having data available for transmission as possible, taking the number of bits in the UL grant into consideration.

For Padding Sidelink BSR:

-
if the number of padding bits remaining after a Padding BSR has been triggered is equal to or larger than the size of a Sidelink BSR containing buffer status for all ProSe Destinations having data available for transmission plus its subheader:

-
report Sidelink BSR containing buffer status for all ProSe Destinations having data available for transmission;

-
else report Truncated Sidelink BSR containing buffer status for as many ProSe Destinations having data available for transmission as possible, taking the number of bits in the UL grant into consideration.

If the Buffer Status reporting procedure determines that at least one Sidelink BSR has been triggered and not cancelled:

-
if the MAC entity has UL resources allocated for new transmission for this TTI and the allocated UL resources can accommodate a Sidelink BSR MAC control element plus its subheader as a result of logical channel prioritization:

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

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

-
start or restart retx-BSR-TimerSL;

-
else if a Regular Sidelink BSR has been triggered:

-
if an uplink grant is not configured:

-
a Scheduling Request shall be triggered.

A MAC PDU shall contain at most one Sidelink BSR MAC control element, even when multiple events trigger a Sidelink BSR by the time a Sidelink BSR can be transmitted in which case the Regular Sidelink BSR and the Periodic Sidelink BSR shall have precedence over the padding Sidelink BSR.

The MAC entity shall restart retx-BSR-TimerSL upon reception of an SL grant.

All triggered Sidelink BSRs shall be cancelled in case the remaining SL grant(s) valid for this SC Period can accommodate all pending data available for transmission. All triggered Sidelink BSRs shall be cancelled when a Sidelink BSR (except for Truncated Sidelink BSR) is included in a MAC PDU for transmission. All triggered Sidelink BSRs shall be cancelled, and retx-BSR-TimerSL and periodic-BSR-TimerSL shall be stopped, when upper layers configure autonomous resource selection.

The MAC entity shall transmit at most one Regular/Periodic Sidelink BSR in a TTI. If the MAC entity is requested to transmit multiple MAC PDUs in a TTI, it may include a padding Sidelink BSR in any of the MAC PDUs which do not contain a Regular/Periodic Sidelink BSR.

All Sidelink BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. Each ProSe Destination shall report at the most one buffer status value per TTI and this value shall be reported in all Sidelink BSRs reporting buffer status for this ProSe Destination.

NOTE:
A Padding Sidelink BSR is not allowed to cancel a triggered Regular/Periodic Sidelink BSR. A Padding Sidelink BSR is triggered for a specific MAC PDU only and the trigger is cancelled when this MAC PDU has been built.
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