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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 reached below agreements related to PC5 MAC PDU.
	Agreements on LCP:
[bookmark: OLE_LINK10]4:	Uu like starvation avoidance mechanism is applied to LCP.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK7][bookmark: OLE_LINK6]5:	For Sidelink broadcast, different destinations (i.e. each Destination Layer 2 ID targeting specific broadcast service) are not multiplexed into the same MAC PDU. For Sidelink groupcast, different destinations (i.e. each Destination Layer 2 ID targeting specific group or groupcast service) are not multiplexed into the same MAC PDU. FFS for unicast case
Agreements on MAC PDU format:
1: 	Length of LC id is 6bits for NR SL.
2:	Number of LC id for SL DRB (for a given destination id) is 16.
3:	MAC PDU for SL-SCH will follow interleaved structure like NR Uu.
4:	Reuse the existing NR UL MAC subheader format for SL-SCH, including R/F/LCID/L MAC subheader with 8-bit L field, R/F/LCID/L MAC subheader with 16-bit L field and R/LCID MAC subheader.

Agreements on MAC HD:
1: 	With a given full source/destination ID, if a portion of it is used as L1 source/destination ID in SCI, the rest portion is conveyed in MAC header as L2 source/destination ID.



This contribution will discuss the leftover issues of MAC PDU:
· If different destinations can be multiplexed into the same MAC PDU for SL unicast?
· How to construct the whole PC5 MAC PDU?
Discussion
Handling of different destinations for unicast
RAN2 agreed different destinations are not multiplexed into the same MAC PDU for SL broadcast and SL groupcast. FFS for unicast case. 
An example of PC5 unicast links is shown in Figure 1 which is quoted from SA2 specification TS23.287 [1]. There could be multiple PC5 unicast links between two peer UEs and each PC5 unicast link can include multiple V2X services. For each V2X service, a set of PC5 QoS flows with different PFI(s) associated with QoS parameters (i.e. PQI and optionally Range) are included. Destination Layer 2 ID is associated with PC5 Unicast link identifier, so one peer of UEs can have multiple Destination Layer 2 IDs.


[bookmark: _Ref13233399]Figure 1 Example of PC5 Unicast Links
Multiplexing different destinations of different PC5 Unicast links of two peer UEs (e.g., destination of PC5 Unicast link 1 and destination of PC5 Unicast link 2 in Figure 1) into one MAC PDU for unicast has below benefits:
· Resource efficiency improvement. 
The resource efficiency can be improved at least from the following three aspects: 1) when multiple destinations can be multiplexed in one MAC PDU, the chance of add padding is reduced; 2) there is less SCI overhead for multiplexing data from multiple destinations into one MAC PDU comparing with not multiplexing; 3) less time occasion occupation of one pair of UEs helps improving the resource efficient of the whole network.
· Latency reduction.
 Since services of different destination IDs can be transmitted simultaneously, UE doesn’t need to wait for another time occasion for another destination. High priority services in different destinations can be guaranteed at once.
· Starvation avoidance.
We agreed “Uu like starvation avoidance mechanism is applied to LCP”. Obviously, starvation avoidance can be performed better when all unicast services between two peer UEs are considered.
· Power saving. 
Multiplexing different destinations into one MAC PDU means less MAC PDUs and less time occasion for transmitting. It helps power saving for both sides of unicast.

Although multiplexing different destinations of the same unicast peer UEs has many benefits, the obstacle of it is that the connection management between the two unicast peer UEs. In [2], we discuss the necessity for AS layer connection and suggests that a unique AS connection between two unicast peer UEs should be established. If it is agreed, the SL unicast data from different destinations can be multiplexed into one MAC PDU similar as the NR Uu.
[bookmark: _Ref18205]Proposal 1: AS connection between two SL unicast peer UEs should be established and different unicast destinations belonging to the same AS connection can be multiplexed into the same MAC PDU.
MAC PDU construction
2.2.1 MAC PDU construction for broadcast and groupcast
For sidelink broadcast and groupcast, different destinations are not multiplexed into the same MAC PDU, and there is no AS layer identifier between the transmitting UE and receiving UEs. Same as LTE V2X, destination L2 ID is needed in MAC PDU.
Regarding to the MAC PDU format, it was already agreed that:
	Agreements on MAC PDU format:
1: 	Length of LC id is 6bits for NR SL.
2:	Number of LC id for SL DRB (for a given destination id) is 16.
3:	MAC PDU for SL-SCH will follow interleaved structure like NR Uu.
4:	Reuse the existing NR UL MAC subheader format for SL-SCH, including R/F/LCID/L MAC subheader with 8-bit L field, R/F/LCID/L MAC subheader with 16-bit L field and R/LCID MAC subheader.



The agreed MAC subheaders are drawn in Figure 2, Figure 3, and Figure 4.


[bookmark: _Ref1047987]Figure 2 R/F/LCID/L MAC subheader with 8-bit L field


[bookmark: _Ref1047997]Figure 3 R/F/LCID/L MAC subheader with 16-bit L field


[bookmark: _Ref1048000]Figure 4 R/LCID MAC subheader
Meanwhile, a subheader for source/destination indication as SL-SCH MAC subheader in LTE V2X is needed for broadcast and groupcast. And below agreement was reached on MAC HD.
	Agreements on MAC HD:
1: 	With a given full source/destination ID, if a portion of it is used as L1 source/destination ID in SCI, the rest portion is conveyed in MAC header as L2 source/destination ID.



[bookmark: _GoBack]As discussed in [3], NR V2X SL-SCH subheader does not need to inherit both SL-SCH subheaders in LTE and it should be simplified as one size of SRC and one size of DST. Considering the agreement on MAC HD that “if a portion of it is used as L1 source/destination ID in SCI, the rest portion is conveyed in MAC header as L2 source/destination ID”, the value should be decided after RAN1 decision  on L1 source/destination ID.
Therefore, the SL-SCH MAC subheader of NR V2X is shown as below:
· SRC: The SRC filed is the Source Layer-2 ID field carries the identity of the source. It is set to the source ID provided by upper layer. Size is FFS.
· DST: The DST field is used to indicate the Destination Layer-2 ID. Size is FFS.
· R: Reserved bit. Its size depends on the sizes of SRC/ DST.


[bookmark: _Ref1047781]Figure 5  SL-SCH MAC subheader in NR V2X
[bookmark: _Toc6928293][bookmark: _Ref6928305]Then the MAC PDU for broadcast and groupcast can be constructed as Figure 6.


[bookmark: _Ref1048059]Figure 6 Example of Sidelink MAC PDU structure for broadcast and groupcast

[bookmark: _Ref18267]Proposal 2: NR V2X adopts the SL-SCH MAC subheader as shown in Figure 5 for broadcast and groupcast: SRC, DST, and R bits.
· SRC: indicates the Source Layer-2 ID, size FFS.
· DST: indicates the Destination Layer-2 ID, size FFS.
· R: reserved bit.
2.2.2 MAC PDU construction for unicast
MAC PDU construction for unicast depends on SLRB indication in MAC PDU. There are two alternatives to identify SLRBs as Figure 7.
Alt 1: mapping destination L2 ID plus SLRB ID into a unique LCID. Then a LCID can indicate a unique SLRB between two peer UEs. It is applicable to unicast for which unique AS connection is established between two peer UEs. However, it cannot be used for broadcast and groupcast because there is no such huge LCID space to satisfy the diverse services and end points combinations.
Alt 2: mapping SLRBs within a destination L2 ID separately. Then (LCID+ destination L2 ID) can indicate a unique SLRB. It is the way in LTE V2X and also applicable to broadcast and groupcast in NR V2X.


[bookmark: _Ref29706]Figure 7  Example of SL LCH configuration
If we adopt Alt2, SL-SCH MAC CE is needed for unicast. Considering the proposal 1 that different destinations can be multiplexed, the SL-SCH MAC subheader in Figure 5 should be extended, such as adopting L field. However, if we adopt Alt 1, source/destination L2 IDs are not needed in the MAC PDU of unicast anymore. The agreements on MAC PDU format in last meeting are enough for MAC PDU construction of unicast. The Sidelink MAC PDU structure for unicast is shown in Figure 8.


[bookmark: _Ref17595]Figure 8 Example of Sidelink MAC PDU structure for unicast
[bookmark: _Ref18297]Proposal 3: For unicast, a destination L2 ID plus a SLRB ID should be mapped into a unique LCID. And then source/destination L2 IDs are not needed in Sidelink MAC PDU for unicast.
Conclusion
This contribution discusses leftovers of PC5 MAC PDU construction and provides below proposals.
Proposal 1: AS connection between two SL unicast peer UEs should be established and different unicast destinations belonging to the same AS connection can be multiplexed into the same MAC PDU.
Proposal 2: NR V2X adopts the SL-SCH MAC subheader as shown in Figure 5 for broadcast and groupcast: SRC, DST, and R bits.
· SRC: indicates the Source Layer-2 ID, size FFS.
· DST: indicates the Destination Layer-2 ID, size FFS.
· R: reserved bit.
Proposal 3: For unicast, a destination L2 ID plus a SLRB ID should be mapped into a unique LCID. And then source/destination L2 IDs are not needed in Sidelink MAC PDU for unicast.
Reference
[1]. [bookmark: _Ref6917934][bookmark: _Ref6924947]TS23.287, Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services
[2]. [bookmark: _Ref4675293][bookmark: _Ref14638][bookmark: _Ref3985305][bookmark: _Ref533171903]R2-1908737, Discussion on unicast connection setup procedure
[3]. [bookmark: _Ref333]R2-1905808, MAC PDU Format in PC5, CATT


1
R2-1908748
image1.emf
UE A

UE B

UE B

PC5 Unicast link 1

PC5 Unicast link 2

V2X Service A

V2X Service A

Application Layer ID 2

Application Layer ID 2

V2X Service B

V2X Service C

V2X Service C

V2X Service D

Application Layer ID 4

Application Layer ID 4

V2X Service A

V2X Service A

V2X Service B

Application Layer ID 1

Application Layer ID 1

V2X Service C

V2X Service C

V2X Service D

Application Layer ID 3

Application Layer ID 3

PC5 QoS Flow #2

PC5 QoS Flow #3

PC5 QoS Flow #1

PC5 QoS Flow #4

PC5 QoS Flow #5


oleObject1.bin
UE A


UE B


PC5 QoS Flow #4


PC5 QoS Flow #5


PC5 QoS Flow #2


PC5 QoS Flow #3


PC5 QoS Flow #1


PC5 Unicast link 1


PC5 Unicast link 2


V2X Service A


V2X Service B



image2.emf
LCID R Oct 1 F

L Oct 2


LCID
R

Oct 1
F
L
Oct 2



image3.emf
LCID R Oct 1 F

L Oct 2

L Oct 3


LCID
R

Oct 1
F
L
Oct 2
L
Oct 3



image4.emf
LCID R Oct 1 R


LCID
R

Oct 1
R



image5.emf
SRC

DST

Oct 1

Oct 2

Oct 3

Oct 4

Oct 5

Oct 6

RR

...

RR

...


oleObject5.bin
SRC


DST


Oct 1


Oct 2


Oct 3


Oct 4


Oct 5


Oct 6


R


R


...


R


R


...



image6.emf
...

MAC subPDU 

including MAC 

SDU

R/F/LCID/L 

sub-header

MAC SDU

MAC subPDU 

including Padding 

(opt)

SL-SCH

sub-

header

MAC subPDU 

including MAC 

SDU


oleObject6.bin
...


MAC subPDU including MAC SDU


MAC subPDU including MAC SDU


R/F/LCID/L sub-header


MAC SDU


MAC subPDU including Padding (opt)


SL-SCH sub-header



image7.emf
Destination Layer 2 ID1

Destination Layer 2 ID2

SLRB1

SLRB1

PC5 QoS Flow #2

PC5 QoS Flow #3

PC5 QoS Flow #1

PC5 QoS Flow #4

PC5 QoS Flow #5

SLRB2

SLRB2

SLRB3

SLRB3

SLRB4

SLRB4

Alt1 Alt2

LCID1

LCID2

LCID3

LCID4

LCID1

LCID2

LCID1

LCID2

+Destination 

ID1

+Destination 

ID2


oleObject7.bin
Destination Layer 2 ID1


Destination Layer 2 ID2


SLRB1


PC5 QoS Flow #2


PC5 QoS Flow #3


PC5 QoS Flow #1


PC5 QoS Flow #4


PC5 QoS Flow #5


SLRB2


SLRB3


SLRB4


Alt1


Alt2


LCID1


LCID2


LCID3


LCID4


LCID1


LCID2


LCID1


LCID2


+Destination ID1


+Destination ID2



image8.emf
...

MAC subPDU 

including MAC 

SDU

R/F/LCID/L 

sub-header

MAC SDU

MAC subPDU 

including Padding 

(opt)

MAC subPDU 

including MAC 

SDU


oleObject8.bin
...


MAC subPDU including MAC SDU


MAC subPDU including MAC SDU


R/F/LCID/L sub-header


MAC SDU


MAC subPDU including Padding (opt)



