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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]On the last RAN2 #105bis and RAN2 #106 meetings, regarding to LCP, the following agreements were reached:
Agreements on MAC: 
2:	Restrictions to SL LCP procedure may be considered at least based on different casting modes. FFS whether destination id can distinguish casting mode.

Agreements on LCP: 
1: 	As, in release 16, only single carrier is used for SL transmission, RAN2 assumes mapping restriction between SCS and Sidelink LCH should not be considered in SL LCP procedure. 
2:	Configured grant Type 1 is considered as SL LCP mapping restriction for Sidelink LCH.
3:	LCP restriction for Sidelink LCH is configured by NW for UE in IC. FFS on the need of preconfiguration option for UE in OOC.  
4:	Uu like starvation avoidance mechanism is applied to LCP.
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 LCH priority: 
1: 	For unicast for IC connected UE, logical channel priority level is configured by NW. Mapping between PQI/PFI, LCH and SLRB is also configured by NW (e.g. by dedicated RRC).
2:	For unicast for IC idle/inactive UE, logical channel priority level is configured by NW. Mapping between PQI/PFI, LCH and SLRB is also configured by NW (e.g. by SIB).
3:	For unicast for OOC UE, logical channel priority level is configured by NW. Mapping between PQI/PFI, LCH and SLRB is also configured by NW (e.g. by preconfiguration).
4:	FFS on groupcast and broadcast cases.
In this contribution, we will further discuss the leftover issues related to LCP, which include:
· Issue 1:  Whether destination ID can be used to distinguish casting mode? 
· Issue 2:  How to use the casting mode during SL LCP procedure?
· Issue 3:  Whether SL LCP restriction is needed for IC UE using mode 2 and OOC UE?
· Issue 4:  Which parameters are needed for starvation avoidance and how to configure?
· Issue 5:  How to perform the starvation avoidance for different cast type?
Discussion
In this section, we will discuss the above five open issues one by one.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK83]Whether destination ID can be used to distinguish the casting mode?
According to [1], the following description is captured:
	V2X communication over NR based PC5 reference point supports broadcast mode, groupcast mode, and unicast mode at AS layer. The UE will indicate the mode of communication for a V2X message to the AS layer.


In our understanding, if destination ID can be used to distinguish the casting mode, upper layer does not need to explicitly indicate the casting mode for each V2X message. Hence, it can be deduced that the destination ID cannot be used to distinguish the casting mode.
[bookmark: _Ref14274465]Proposal 1: AS layer should determine the casting mode based on upper layer indication, not based on destination ID.
How to use casting mode during the SL LCP procedure?
On RAN2#105bis meeting, it was agreed that restrictions to SL LCP procedure may be considered at least based on different casting modes. Hence, we should further discuss how to use the casting mode in SL LCP procedure.
In our understanding, there are two usages of casting mode:
· Used for acquiring the SL LCP parameters
As proposed in Proposal 1, the destination ID cannot be used for indicating the casting mode. Hence, when UE requests the SLRB configuration for a SL QoS flow, it should indicate the casting mode of this QoS flow. Upon receiving the casting mode indication, the network can configure proper SLRB configuration to the UE, e.g., the suitable SL RLC mode, the SL LCP related parameters and so on.
· Used for SL MAC PDU assembly procedure
When UE performing SL LCP procedure, if multiplexing of different destinations are allowed for SL unicast but not allowed for SL broadcast and groupcast, UE can use casting mode to determine whether multiplexing of different destinations is allowed or not when assemble the SL MAC PDU.
[bookmark: _Ref14274477]Proposal 2: When UE requesting the SLRB configuration from network, it should indicate the corresponding casting mode to network.
[bookmark: _Ref14274480]Proposal 3: If different destinations of unicast are allowed to be multiplexed into one MAC PDU, UE can use casting mode to determine which destinations can be multiplexed.
Whether SL LCP restriction is needed for IC UE using Mode 2 and OOC UE?
On the last RAN2 meeting, it was agreed that LCP restriction for SL LCH is configured by NW for UE in IC. And it is still FFS on the need of preconfiguration option for UE in OOC. 
But in our understanding, this agreement is suitable for UE using mode 1, but it is doubtable whether it is also applicable for UE using mode 2. According to the discussion of the last meeting, there are three possible LCP restriction parameters:
· Configured grant type 1
On RAN2#106 meeting, it was agreed to use type 1 configured grant as one LCP restriction. 
· Configured grant type 2
Whether configured grant type 2 can be used as SL LCP restriction parameter had been discussed on the last RAN2 meeting, but decides that we should wait for IIOT result.
· PSSCH duration
Whether PSSCH duration can be used as SL LCP restriction parameter has been discussed on the last RAN2 meeting, and decided that it should depend on whether RAN1 support flexible PSSCH duration or not.
It is obvious only the configured grant type 1 is agreed as LCP restriction parameter currently. According to RAN2 agreements of RAN2#105bis, it has been agreed that the type 1 and 2 configured SL grant should only be specified for NR SL mode 1. That is to say configured grant type 1 is only defined for SL Mode 1. Regarding to Mode 2, there are no definitions of configured grant type 1 and type 2. Hence, it is too early to decide that LCP restriction for SL LCH is configured by network for IC UE.
[bookmark: _Ref14274484]Proposal 4: Clarify that the agreement reached on the last meeting that LCP restriction for SL logical channel is configured by NW for UE in IC is only applicable for Mode 1 UE.

For Mode 2 resource allocation, RAN1 and RAN meetings have reached the following agreements:
	RAN1#94
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1#94bis
· For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission
RAN1#95
· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
· Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode
RAN1#95
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
RAN#84
UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.


[bookmark: OLE_LINK13][bookmark: OLE_LINK14]According to the above agreements, it is obvious that only Mode 2(a) and Mode 2(c) are supported for Mode 2.
For Mode 2(a), UE selects resource by itself through semi-persistent scheme or dynamic scheme. UE can select the proper resource based on the SLRB QoS requirement. Hence, there is no need to configure the SL LCP restriction. UE can implement it by UE itself.
For Mode 2(c), UE can also select the proper SL transmission patterns by UE implementation. Hence, there is no need to configure the LCP restrictions explicitly.
[bookmark: _Ref14274489]Proposal 5: For IC UE using Mode 2, the LCP restriction does not need to be configured by network.
Proposal 6: For OOC UE, the LCP restriction does not needed to be preconfigured.
Which parameters are needed for starvation avoidance and how to configure?
On the last RAN2 meeting, it was agreed that Uu like starvation avoidance mechanism is applied to LCP. Hence, before we dig into the details of SL starvation avoidance, it had better confirm which parameters are needed for SL starvation avoidance.
In NR Uu, the following parameters are used for starvation avoidance:
· 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).
For NR SL, we think the same parameters can be reused for SL starvation avoidance.
[bookmark: _Ref14274501]Proposal 7: NR SL can use the same parameters for SL starvation avoidance as NR Uu: priority, PBR and BSD.
The next issue need to be discussed is how to configure these parameters for NR SL. On the last RAN2 meeting, the following agreements have been reached:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]1: 	For unicast for IC connected UE, logical channel priority level is configured by NW. Mapping between PQI/PFI, LCH and SLRB is also configured by NW (e.g. by dedicated RRC).
2:	For unicast for IC idle/inactive UE, logical channel priority level is configured by NW. Mapping between PQI/PFI, LCH and SLRB is also configured by NW (e.g. by SIB).
3:	For unicast for OOC UE, logical channel priority level is configured by NW. Mapping between PQI/PFI, LCH and SLRB is also configured by NW (e.g. by preconfiguration).
4:	FFS on groupcast and broadcast cases.
According to the above agreements, it is obvious the priority used for SL starvation avoidance is configured by NW. In our understanding, the other parameters including PBR and BSD should also configured by NW for unicast. 
For groupcast and broadcast, there is no strong motivation to adopt different treatment compared with unicast since starvation avoidance is also needed for groupcast and broadcast.
[bookmark: _Ref16695651]Proposal 8: All the SL starvation avoidance related parameters should be configured by network for IC UE or preconfigured for OOC UE no matter which casting mode is used.
How to perform the starvation avoidance for different cast type?
In this section, the details of the starvation avoidance procedure will be discussed for SL broadcast/groupcast and unicast individually.
For SL broadcast/groupcast, different destinations are not allowed to be multiplexed into one MAC PDU. Hence, it is suggested that starvation avoidance should be performed only within one destination. The detailed LCP procedure is shown in the following Figure-1:


                                     Figure-1 LCP procedure for SL broadcast/groupcast

[bookmark: _Ref14274509]Proposal 9: For SL broadcast/groupcast, starvation avoidance should be performed within one destination.

For SL unicast, how to perform the starvation avoidance depends on whether different destinations can be multiplexed into one MAC PDU. If it is not allowed, starvation avoidance should only be performed within one destination; otherwise, it is possible to perform starvation avoidance amongst different destinations. 
Whether different destinations can be multiplexed into one MAC PDU for SL unicast depends on whether there is AS unicast connection:
· If there is only PC5-S connection and no AS unicast connection, different destination multiplexing is impossible. The detailed LCP procedure for SL unicast will be same as the SL groupcast and broadcast, as shown in Figure-1.
· If there is AS unicast connection, allowing different destinations multiplexed into one MAC PDU at least has the following benefits:
· Improving the SL resource efficiency
If multiplexing amongst different destination IDs is not allowed, even if there is resource left, it cannot be used by the unselected destination IDs, which will result resource waste. Hence, allow multiplexing different destination IDs into one MAC PDU can help improving the SL resource efficiency.
· Reduce the SLRB latency
If multiplexing of different destination IDs are not allowed, the latency of SLRB belonging to the unselected destination IDs will be increased. Hence, allowing multiplexing different destination IDs into one MAC PDU can reduce the SLRB latency.
Certainly, allowing multiplexing of different destination IDs into one MAC PDU will also bring some specification efforts, e.g., new SL unicast MAC PDU format. But we think the gain worth the specification efforts considering latency is important for V2X services. If there is AS unicast connection, the detailed LCP procedure is shown in the following Figure-2:



     Figure-2 LCP procedure for SL unicast (multiplexing of different destination IDs is allowed)

[bookmark: _Ref16695656][bookmark: _Ref14274494][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 10: If there is no AS connection for SL unicast, starvation avoidance should be performed within one destination.
[bookmark: _Ref16695659]Proposal 11:  If there is AS connection for SL unicast, different destination IDs belonging to the same AS unicast connection should be allowed to be mapped into one MAC PDU and starvation avoidance can be performed amongst these destination IDs.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: AS layer should determine the casting mode based on upper layer indication, not based on destination ID.
Proposal 2: When UE requesting the SLRB configuration from network, it should indicate the corresponding casting mode to network.
Proposal 3: If different destinations of unicast are allowed to be multiplexed into one MAC PDU, UE can use casting mode to determine which destinations can be multiplexed.
Proposal 4: Clarify that the agreement reached on the last meeting that LCP restriction for SL logical channel is configured by NW for UE in IC is only applicable for Mode 1 UE.
Proposal 5: For IC UE using Mode 2, the LCP restriction does not need to be configured by network.
Proposal 6: For OOC UE, the LCP restriction does not needed to be preconfigured.
Proposal 7: NR SL can use the same parameters for SL starvation avoidance as NR Uu: priority, PBR and BSD.
Proposal 8: All the SL starvation avoidance related parameters should be configured by network for IC UE or preconfigured for OOC UE no matter which casting mode is used.
Proposal 9: For SL broadcast/groupcast, starvation avoidance should be performed within one destination.
Proposal 10: If there is no AS connection for SL unicast, starvation avoidance should be performed within one destination.
Proposal 11:  If there is AS connection for SL unicast, different destination IDs belonging to the same AS unicast connection should be allowed to be mapped into one MAC PDU and starvation avoidance can be performed amongst these destination IDs.
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