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1 Introduction
In the RAN2#106 meeting [2], LCP restrictions are discussed and leaves some FFS as following:

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. 
In this paper, we will discuss the remaining issues on sidelink LCP procedure.
2 Discussion
In RAN2#105b meeting, RAN2 has agreed that casting modes may be considered for LCP restriction without clear conclusion on how to actually use it, leaving FFS for whether destination id can distinguish casting mode [3]:

Agreements on MAC: 
1: 
SL-DCH is not needed in NR V2X.
2:
Restrictions to SL LCP procedure may be considered at least based on different casting modes. FFS whether destination id can distinguish casting mode.
In our understanding, cast-type shall be used for LCP restriction: a grant may have restriction on one specific usable cast-type, and LCHs with different cast-types cannot be multiplexed into the same MAC PDU.
For the FFS of whether destination id can distinguish casting mode, we think SA2 has agreed that V2X layer shall always indicate cast-type and destination to AS layer for each packet [4], which means AS layer can’t decide the cast-type only based on destination id; otherwise V2X layer shall not carry cast-type to AS layer for each V2X packet. On the other hand, even if SA2 has decided that some DST IDs may distinguish casting mode, this should not be aware of by the AS layers, which means V2X layer will always carry cast-type for each packet to AS layer.
Proposal 1: Casting modes is considered as one of the SL LCP mapping restrictions for Sidelink LCHs.
Proposal 2: Destination ID can NOT distinguish casting mode, and explicit Casting mode is considered as an SL LCP mapping restriction for Sidelink LCH.
In NR Uu, LCP restriction for a grant is supported based on the following assumptions:
1) A grant has some properties which can be used as  restriction factors;
2) LCHs are also configured with some properties;
3) For MAC, LCP restriction is performed by comparing whether LCH’s property mathes the grant’s properties, and only the matched LCHs and its buffered data can be assembled into the MAC PDU transmitted using this grant

For NR SL, the same logic should be used, and we will discuss them one by one:
1) Grant property: with cast-type

Currently RAN1 has no conclusion on whether a grant have the property of cast-type. In our understanding, we may have two different solutions:
· Option 1: RAN1 defines the cast-type property for each grant, in which case LCP restriction procedure in NR Uu can be reused.

· Option 2: RAN1 does not define the cast-type property for each grant (including DG/CG in mode1, and sensing based grants in mode2)

In this case, LCP restriction procedure shall be enhanced on top of that in NR Uu, e.g. MAC shall set a property for this grant first which will be discussed in LCP restriction procedure. But for cast-type property of each grant we can wait more progress in RAN1.
Proposal 3: Whether a grant has an explicit cast-type property should be decided by RAN1.
2) LCH property: with cast-type

In NR Uu, all the LCHs are configured by the network, and gNB can configure this property for each LCH, e.g. allowedSCS-List, maxPUSCH-Duration, etc. configured in LogicalChannelConfig.
For NR-V2X, in RAN2#106 meeting [2] we have agreed to configure LCP restriction for sidelink LCH as follows:
Agreements on LCP: 

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.  
Thanks for unified QoS flow model (e.g. using QoS flow model in NR sidelink), which enables network to configure the mapping of QoS to SLRBs. It is reasonable to configure the cast-type in the SLRB configurations.
Proposal 4: Together with Configured grant Type1, Cast-type is configured in the configuration of each sidelink LCH, e.g. in the sidleink LCH config of the SLRB configurations.
3) Impacts on SL LCP procedure
If we go for option1 shown above, i.e. RAN1 defines the cast-type property for each grant, then when MAC get a grant which explicitly restrict the allowed cast-type (e.g. unicast), it can only select the destination with the highest priority from all destinations corresponding to that specific cast type. By contrast, if finally option2 shown above, i.e. RAN1 does not define the cast-type property for each grant, is agreed, then , when MAC get sa grant which can be used to all cast-types (e.g. Broadcast/Groupcast/Unicast), the multiplexing and assembly entity shall decide the data of which specific cast type this grant should transmit, e.g. a priority list among different cast-types (unciast > groupcast > broadcast), or a priority list considering QoS priority of each cast-types (e.g. highest DST’s priority in each cast-type is seen as the cast-types’ priority). After MAC selects a cast-type for this grant, then it can reuse the LCP restrictions for SL as defined in option1, as different cast-types LCHs cannot be multiplexed into the same MAC PDU, considering RAN1 may adopt different HARQ procedures for different cast-types (e.g. unicast for ACK/NACK feedback, groupcast for NACK only feedback, broadcast without feedback).
Proposal 5: For Option1 (grant with cast-type property), RAN2 shall select the allowed DSTs and LCHs; for option2 (grant without cast-type property), RAN2 needs to study how to set the cast-type for this grant.
In the RAN2#106 meeting [2] we have agreed to support LCP restriction for SL for UE in IC, but leaves FFS for OOC UEs. In our understanding, LCP restriction is also needed for OOC UEs at least for cast-type, e.g. for mode-2 sensing based resource selection. Specifically, MAC shall also perform LCP restrictions and selected the allowed SL LCHs  if a selected SL grant can be used only for the transmission of corresponding case type..
For OOC UEs, we have agreed to use pre-configured mapping of QoS to SLRB configurations. Cast-type property for SL LCH can also be pre-configured in the SLRB configurations.

Proposal 6: LCP restriction for cast-type is supported for UE in OOC.
Proposal 6a: LCP restriction for cast-type for sidelink LCH is pre-configured by the NW for UE in OOC.
Unlike UE in IC, configured grant type 1 cannot be configured for UEs in OOC, so in this case LCP restriction for configured grant type1 is not supported.
Proposal 7: LCP restriction for Configured grant Type1 is not supported for UE in OOC, i.e. the Configured grant Type 1 allowed restriction is not valid in pre-configured SLRBs configurations.
In LTE-V2X [5], different destinations cannot be multiplexed into the same MAC PDU. And for NR-V2X, in RAN2#106 meeting [2], it is also agreed to adopt the same solution for groupcast and broadcast, but leaves an FFS for unicast.The reason for this FFS was that SA2 assumes a Tx UE may maintains multiple PC5-S connection with different SRC L2 Ids for different unicast connections even with same target UE.
Agreements on 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. 
From our point of view, the same assumption should be also applied to unicast, and the reasons are as follows:
1) From RAN2 point of view, a unified solution for broadcast/groupcast/unicast is simple; otherwise, the Tx UE’s LCP procedure shall be defined into two different parts according to different cast-types, e.g. one for broadcast/groupcast (e.g. different DSTs are not allowed to be multiplexed) and the other for unicast (e.g. different DSTs but for same target UE are allowed to be multiplexed; otherwise are not allowed). This requires the AS layer to be aware of whether different target L2 IDs belong to the same target UE.

2) For the AS awareness of whether different target L2 IDs belong to the same target UE, SA2 has agreed not to support this functionality in Release 16 [6].
NOTE 2:
A source UE is not required to know whether different target Application Layer IDs over different PC5 unicast links belong to the same target UE.

Proposal 8: For Sidelink unicast, different destinations are not multiplexed into the same MAC PDU, and each Destination Layer 2 ID are treated as targeting a specific UE.
During the SI stage, RAN2 confirmed the support of the case that a UE is configured to perform both mode-1 and mode-2 at the same time [7]. 
Agreements on resource allocation/configuration:

1-12: Confirm that UE may be configured to perform both network controlled sidelink transmission and UE autonomous sidelink transmission.
And this has been agreed at RANP#83, as mentioned above, as also one of the objectives for this WID.
Different modes are suitable to support services with different QoS requirements. For mode-1, the sidelink grants are scheduled by the gNB, providing better performance than grants selected via mode-2. Thus, mode-1 is beneficial to some services with stringent performance requirements. On the contrary, for mode-2 the sidelink grants are autonomously selected by V2X UE in a distributed way, and the mode-2 transmissions would suffer from resource collisions which result in the performance of mode-2 not as good as that of mode-1. However, mode-2 could be beneficial from signalling overhead perspective, and may also be characterized by a quicker reaction for the UE on data arrival. Thus, mode-2 is more suitable for the services with performance requirements not that stringent. 
Services with different QoS requirements may be mapped to different SLRBs, and thus sent through different SL LCHs. In order to apply different modes to serve services with different QoS requirements, we think sidelink LCP mapping restrictions can also take into account the mode used to obtain the sidelink resources. 

Proposal 9: Sidelink LCP mapping restrictions can take into account the mode used to obtain the sidelink resources.
3 Conclusion

In this paper, we discussed the remaining issues on sidelink LCP procedure, and the following proposals has been given: 
Proposal 1: Casting modes is considered as one of the SL LCP mapping restrictions for Sidelink LCHs.
Proposal 2: Destination ID can NOT distinguish casting mode, and explicit Casting mode is considered as an SL LCP mapping restriction for Sidelink LCH.
Proposal 3: Whether a grant has an explicit cast-type property should be decided by RAN1.
Proposal 4: Together with Configured grant Type1, Cast-type is configured in the configuration of each sidelink LCH, e.g. in the sidleink LCH config of the SLRB configurations.
Proposal 5: For Option1 (grant with cast-type property), RAN2 shall select the allowed DSTs and LCHs; for option2 (grant without cast-type property), RAN2 needs to study how to set the cast-type for this grant.
Proposal 6: LCP restriction for cast-type is supported for UE in OOC.
Proposal 6a: LCP restriction for cast-type for sidelink LCH is pre-configured by the NW for UE in OOC.
Proposal 7: LCP restriction for Configured grant Type1 is not supported for UE in OOC, i.e. the Configured grant Type 1 allowed restriction is not valid in pre-configured SLRBs configurations.

Proposal 8: For Sidelink unicast, different destinations are not multiplexed into the same MAC PDU, and each Destination Layer 2 ID are treated as targeting a specific UE.
Proposal 9: Sidelink LCP mapping restrictions can take into account the mode used to obtain the sidelink resources.
4 References
[1]. RP-190766, “New WID on 5G V2X with NR sidelink”, RAN#83, Shenzhen, China, March 2019.
[2]. Chairman’s Notes RAN2#106.
[3]. Chairman’s Notes RAN2#105b.
[4]. R2-1900064, “Reply LS on LS to SA2 on unicast, groupcast and broadcast in NR sidelink (S2-1812895; contact: Qualcomm)”
[5]. 3GPP TS 36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification (Release 15)”.

[6]. 3GPP TS 23.287, “Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services (Release 16)”

[7]. Chairman’s Notes RAN2#105.
3GPP


