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1 Introduction
In RAN2 #106 [1], some preliminary agreements on LCP were made (see appendix).  
LCP restrictions of Minimum Communication Range (MCR) and destination L2 ID were discussed but were not finalized. Starvation avoidance in NR V2X, which was agreed at last meeting, also requires initial discussion.   Finally, at RAN2#107 [6], the following working assumption was made which impacts the priority of SL and UL BSR in the LCP procedure and requires further discussion:
Agreements on BSR and SR: 
1: 
Working assumption: RAN2 pursues the need of flexible priority for the non-padding SL BSR in NR, but will see if there is any big problem which cannot be solved w/o complicated options.

This contribution further discusses these open issues.

2 Logical Channel Prioritization for SL
2.1 LCP Restrictions
LCP was discussed at RAN2 #106 and some agreements were made to support LCP mapping restrictions for configured grant type 1 (similar to Uu) and for destination L2 ID (as in LTE V2X).  However, some additional details/restrictions could not be agreed due to dependency on other groups (i.e. RAN1 and SA2).
Minimum Communication Range (MCR) LCP Restriction

At last meeting, whether to introduce LCP mapping restriction for minimum communication range (MCR) was discussed but could not be decided due to lack of discussion by RAN1 up to that point on the use of MCR.  At RAN1#97 [2], RAN1 agreed that at least for option 1 in groupcast, a UE would transmit HARQ feedback only when the TX-RX distance is smaller than the MCR.
Upper layers associates a PC5 QoS context (which includes a PQI and optionally MCR), to each flow [5].  MCR is applicable to groupcast flows only.  A UE can therefore be configured by upper layers with groupcast flows associated with the same groupcast destination L2 ID that have different MCR.The UE would then map different flows corresponding to similar QoS and MCR requirements to a SLRB based on (pre)configuration.  RAN1 agreed to signal the MCR in the SCI associated with a transmission, and the UE will therefor need to signal the worst case (i.e. largest distance) MCR requirements of the data multiplexed by the MAC layer into the same transport block.  Multiplexing data with very different MCR requirements without a restriction increases the likelihood that most transmitted TBs will have a large MCR requirement.  This would increase the number of HARQ feedback transmissions in the group on average, compared to the case where a restriction is used to group similar MCR requirements into the same TB.
Observation 1:
Multiplexing data with large difference in MCR requirements results in using more HARQ feedback resources and transmissions.

In addition, the UE or the gNB can adjust its transmission parameters (e.g. MCS) so that the transmission can meet its MCR.  In doing so, ensuring that transmissions have similar MCR requirements will result in more efficient MCS selection, where, for example, a more aggressive MCS can be used for transport blocks associated with a smaller MCS. 
Observation 2:
Multiplexing data with similar MCR allows for more efficient link adaptation by the UE and/or gNB.

A more efficient approach would be to configure an LCP mapping restriction based on MCR so that only transmissions with similar MCR requirements are multiplexed together.  Since RAN2 agreed that transmission range to SLRB mapping is considered as one of the SLRB parameters, each SLRB or LCH will be associated with a MCR or range of MCR.  LCP restrication can be implemented by allowing the UE would to multiplex only LCHs associated with a (pre)configured set or range of MCR.
Proposal 1:
LCP mapping restrictions based on minimum communication range (MCR) can be (pre)configured to the UE.
Destination L2 ID LCP Restriction
At RAN2#106, LCP mapping restriction on destination L2 ID (as in LTE V2X) was agreed for groupcast and broadcast.  Unicast was left pending further inputs from SA2.  Based on the latest response LS [3] and attached draft specification [5] from SA2 on this topic, a UE may have multiple unicast links active with the same peer UE.  Furthermore, the destination L2 ID for these unicast links with the same peer UE may be different.

Adopting a similar LCP restriction (by destination L2 ID) also for unicast may simplify LCP procedure in that the LTE baseline would be used for each of unicast, groupcast, and broadcast.  However, the LTE baseline was developed in the context of broadcast where each destination L2 ID was mapped to a service, and an RX UE may not be interested in receiving all services transmitted by a TX UE.  Although the same is also applicable to broadcast, it is not the case for unicast, where the destination L2 ID identifies the unicast link associated with a destination UE.
Observation 3:
The motivation for LCP restriction on destination L2 ID in LTE V2X was that different services may be intended for different UEs.

A unicast link is an application layer entity.  The application layer may decide to create multiple unicast links for different reasons (e.g. it is using different network layer protocol – IP or non-IP).  These reasons are not related to QoS.  It is therefore not necessary to give different unicast links different treatment at the AS layer, and it may be likely that flows from different unicast links may have the same/similar QoS profile.  In principle if these flows are intended for the same destination UE, they can be mapped to the same SLRB.  The MAC layer should therefore be able to multiplex them together into a single MAC PDU.
Observation 4:
Different unicast links between the same UE are not differentiated by their QoS; there can be different flows within those unicast links with same/similar QoS profile.
To perform multiplexing of data from different unicast links into the same MAC PDU, the TX UE must be aware that the links are associated with the same peer UE.  In our companion contribution [4], we discuss different ways in which the AS layer can be aware of the unicast links associated with the same peer UE.  If this knowledge exists, a UE would not need to restrict MAC layer multiplexing based on a destination L2 ID for the case of unicast.  This would increase the efficiency of SL resource usage, as data intended to the same destination UE could be multiplexed together.  
Proposal 2:
LCHs associated with different unicast destination L2 IDs corresponding to the same peer UE (i.e. and destination group) can be multiplexed into the same MAC PDU.

2.2 Flexible Prioritization of BSR in LCP Procedure

In RAN2#107, a working assumption was taken to pursue the need for flexible SL BSR priority.  Based on majority companies view in the corresponding email discussion [7], the main purpose is to include SL BSR before UL BSR in the LCP procedure when the SL BSR indicates buffer status for LCHs that are higher priority than those in the UL BSR.  Prioritization of one BSR over another will have value only in the scenario that the UL grant cannot accommodate both UL and SL BSR.  However, under this scenario, prioritizing SL BSR may result in UL BSR not being sent.  This is desired when SL BSR is reporting buffer status related to higher priority logical channels compared UL BSR.  However, if the regular SL-BSR is reported, the UE may also report buffer status related to the lower priority logical channels which may be less critical than some of the logical channels to be reported in UL BSR.  The UE may then not be able to include the UL BSR at all.  In our view, flexible prioritization of BSR should not be introduced at the expense of impacting the performance of UL.
Observation 5:
If flexible SL BSR is agreed, RAN2 should avoid prioritization of SL BSR at the expense of impacting the performance of UL LCHs which are higher priority than LCHs sending buffer status in the SL BSR.
One simple way to obtain the benefits of the working assumption without impacting the performance of UL is to include only the buffer status of the high priority SL logical channels in the SL-BSR.  This minimizes the chance that UL BSR cannot be sent due to limited size of the grant.  SL BSR procedure in LTE supports sending a truncated BSR if the UL grant is not large enough to send the normal SL-BSR:  
For Regular and Periodic Sidelink BSR:

-
if the number of bits in the UL grant is equal to or larger than the size of a Sidelink BSR containing buffer status for all LCGs having data available for transmission plus its subheader:

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

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

In a similar way, truncated SL-BSR can also be sent in the case of prioritized SL-BSR to avoid sending buffer status of the low priority SL-LCHs at the expense of UL.  The exact conditions for sending truncated BSR would need to be further discussed.  The UE may send truncated SL-BSR whenever the SL BSR is prioritized and the normal SL and UL BSR cannot be sent in the UL grant.  Alternatively, the conditions for truncating the SL-BSR may depend on the relative priorities between the UL and SL LCGs having data to be reported.  
Proposal 3:
Flexible priority of SL BSR is supported for NR V2X, provided that in the prioritized SL-BSR, the UE can send truncated SL BSR to include only buffer status of high priority SL-LCHs.  The condition for truncating the prioritized SL-BSR is FFS.
Determining when the SL BSR is to be prioritized over the UL BSR requires some determination of the SL priority relative to the UL priority.  Direct comparison between SL and UL LCH priorities leads to a simpler solution for determination of when to prioritize SL-BSR over UL-BSR.  However, during discussion of UL/SL prioritization in the case of conflicting UL/SL transmissions at RAN2#107, the following was agreed[6]:
5:
NR-UL and NR-SL priority are both considered w/o direct comparison between UL and SL. FFS how to select UL traffic prioritized over SL. 
To be consistent with this agreement, direct LCH/LCG comparison between UL and SL should also not be used for BSR prioritization.  Instead, a SL-LCH threshold can be configured by the network and the UE prioritizes SL-BSR if the highest priority LCH to be reported in BSR is above this threshold.  The UE can further determine which LCGs to be included in the truncated SL-BSR based on this same threshold.
Proposal 4:
A SL BSR is prioritized over UL BSR if the highest priority SL LCH to be reported in SL BSR is higher than a configured threshold.
2.3 Allocation of Resources in the LCP Procedure
LCP in LTE V2X was based soley on priority (PPPP) associated with each LCH.  At execution of LCP, a UE selects LCHs based on priority and serves the LCH until all pending data in the LCH is served or the grant is exhausted.  This can lead to starvation of lower priority LCHs.  This was acceptable in LTE V2X given the low data rates and lack of any data rate related requirements.  In NR V2X, RAN2 agreed to support starvation avoidance [1]. 
LCP procedure in NR Uu uses basic waterfilling in order to avoid starvation of the lower-priorirty LCHs.  For each logical channel a prioritized bit rate (PBR) and bucket size duration (BSD) is configured by RRC to reflect the data rate requirements associated with the LCH.  A variable Bj is maintained for each logical channel j to reflect the amount of data to be prioritized (i.e. the bucket level) for a LCH at each instance of the LCP procedure.  When LCP is performed, the UE first satisfies all LCHs up to Bj (in order of priority). 
In order to introduce similar starvation avoidance in SL LCP, configuration of a PBR and BSR per SL LCH can be used, and each SL LCH can maintain a value of Bj representing the bucket level at each instance of LCP. 
Proposal 5:
Each SL LCH is (pre)configured with a prioritized bit rate (PBR) and bucket size duration (BSD) 
Proposal 6:
For each SL LCH, a UE maintains a variable (e.g. Bj) representing the bucket level at each instance of the SL LCP procedure. 

With V2X, the main difficulty in re-using the steps of Uu LCP procedure comes from the LCP restriction on destination L2 ID.  Once a destination L2 ID is selected, the grant can only use the logical channels associated with that destination L2 ID (at least for broadcast and groupcast).
Observation 6:
Due to LCP restriction on destination L2 ID in V2X, a UE cannot satisfy PBR of all logical channels in strict decreasing order of priority.

In LTE V2X, the destination L2 ID having the LCH with the highest priority of all LCHs having pending data was always selected in LCP.  A similar approach can therefore be adopted for NR V2X while accounting for the PBR.  The UE can select the destination L2 ID with the highest priority where Bj>0.  This satisfies the data rate requirement for the LCH having the highest priority first.  In the case of multiple unicast links to the same destination UE, the UE groups these destination L2 IDs in the decision.
Proposal 7:
A UE selects the destination L2 ID (or destination group) with highest priority LCH having Bj>0 among the LCHs having data available for transmission.
In the case where none of the logical channels have Bj>0, the UE should select the destination L2 ID (or destination group) based on priority, as it did in LTE V2X.
Proposal 8:
If there are no LCHs with Bj>0, the UE selects the destination L2 ID (or destination group) having the LCH with highest priority among the LCHs having data available for transmission.

Another new case to handle when introducing starvation into a NR V2X LCP procedure is when there are two destinations with LCHs of the same priority.  In NR Uu LCP, there is no specification of which LCH is selected when they have equal priority.  The UE simply processes LCHs in decreasing priority order.  This is not an issue, since the first step of LCP procedure can process all LCHs with Bj>0 if the grant is large enough.
For the case of sidelink, once the destination L2 ID (or destination group) is selected, LCHs associated with other destinations can only be processed at the next instance of the LCP procedure.  This can result in starvation of certain LCHs if the destination is not selected according to the current Bj’s.  It can also result in resource wastage for the grant if the selected destination does not have sufficient data to transmit (while other destinations do).  This can be avoided by selecting the destination with the largest overall Bj (across all LCHs), the largest Bj associated with the highest priority, and/or the destination which limits the overall resource wastage (either the amount of the grant used in step 3, or the amount of the grant which would be unused).  

Proposal 9:
In case of multiple destination L2 IDs (or destination groups) having LCH with same priority and Bj>0, the UE selects a destination L2 ID (or destination group) that maximizes resources used to satisfy the data rate, and/or minimizes resource wastage.  Details FFS.

Once a destination is selected, the UE can select from any of the LCHs within that destination that do not violate any additional LCP restrictions.  In this case, Uu-based LCP can be followed (i.e. steps 1-3).  The UE first satisfies all the LCHs in decreasing priority order upto their Bj.  If any resource remain, the LCH can be served in priority order until data for each LCH or the UL grant is exhausted.

Proposal 10:
Following selection of a destination L2 ID (or destination group), the UE follows Uu LCP procedure on the LCHs associated with that destination L2 ID (or destination group).

3 Conclusion

In this contribution the following observations were made on LCP for NR V2X:
Observation 1:
Multiplexing data with large difference in MCR requirements results in using more HARQ feedback resources and transmissions.

Observation 2:
Multiplexing data with similar MCR allows for more efficient link adaptation by the UE and/or gNB.

Observation 3:
The motivation for LCP restriction on destination L2 ID in LTE V2X was that different services may be intended for different UEs.

Observation 4:
Different unicast links between the same UE are not differentiated by their QoS; there can be different flows within those unicast links with same/similar QoS profile.

Observation 5:
If flexible SL BSR is agreed, RAN2 should avoid prioritization of SL BSR at the expense of impacting the performance of UL LCHs which are higher priority than LCHs sending buffer status in the SL BSR.

Observation 6:
Due to LCP restriction on destination L2 ID in V2X, a UE cannot satisfy PBR of logical channels in strict decreasing order of priority.

Based on these observations, the following conclusions were made:

Proposal 1:
LCP mapping restrictions based on minimum communication range (MCR) can be (pre)configured to the UE.

Proposal 2:
LCHs associated with different unicast destination L2 ID corresponding to the same peer UE (i.e. and address group) can be multiplexed into the same MAC PDU.

Proposal 3:
Flexible priority of SL BSR is supported for NR V2X, provided that in the prioritized SL-BSR, the UE can send truncated SL BSR to include only buffer status of high priority SL-LCHs.  The condition for truncating the prioritized SL-BSR is FFS.

Proposal 4:
A SL BSR is prioritized over UL BSR if the highest priority SL LCH to be reported in SL BSR is higher than a configured threshold.

Proposal 5:
Each SL LCH is (pre)configured with a prioritized bit rate (PBR) and bucket size duration (BSD) 

Proposal 6:
For each SL LCH, a UE maintains a variable (e.g. Bj) representing the bucket level at each instance of the SL LCP procedure. 

Proposal 7:
A UE selects the destination L2 ID (or destination group) with highest priority LCH having Bj>0 among the LCHs having data available for transmission.
Proposal 8:
If there are no LCHs with Bj>0, the UE selects the destination L2 ID (or destination group) having the LCH with highest priority among the LCHs having data available for transmission.

Proposal 9:
In case of multiple destination L2 IDs(or destination groups) having LCH with same priority and Bj>0, the UE selects a destination L2 ID (or destination group) that maximizes resources used to satisfy the data rate, and/or minimizes resource wastage.  Details FFS.

Proposal 10:
Following selection of a destination L2 ID (or destination group), the UE follows Uu LCP procedure on the LCHs associated with that destination L2 ID (or destination group).
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5 Appendix – Relevant RAN1/RAN2 Agreements
RAN1 #97 Agreements

Agreements:

· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH

· TX UE’s location is indicated by SCI associated with the PSSCH.

· Details FFS 

· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH

· FFS implicit or explicit

· FFS how to define location

· Send a response LS to SA2 including this agreement – R1-1907823 (Hanbyul, LGE), which is approved with final LS in R1-1907908
RAN2 #106 Agreements

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. 
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