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Introduction
In the RAN2#106 meeting [1], LCP restrictions are discussed and some FFS were left as follows:
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:
· Further considerations for LCP restriction for IC UEs?
· Whether and how to support LCP restrictions for OOC UEs?
· For unicast, whether different destinations are multiplexed into the same MAC PDU?
Discussion
Cast type and Destination selection
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 [2]:
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.
Furthermore, in the RAN2#107 meeting [3], RAN2 has agreed to configure cast type in the SLRB configurations.
Agreements on SLRB configuration:
1-3: Cast type is considered as one of the SLRB parameters for common configuration via SIB/preconfiguration. It is applicable to SL broadcast, groupcast and unicast. FFS on its Tx/Rx attribute.
In our thinking, from configuration point of view, the cast type can be configured either in SLRB or in DST which means all the SL LCHs within this DST shall have the same cast type. The key point here is that the UE definitely knows what cast type each of its SL LCH is actually applied to, whether via which specific method shown above.
It is obvious that data of the SL LCHs belonging to different cast types cannot be multiplexed in the same MAC PDU, as the L2 addressing implemented via the MAC header does not allow such things to happen. Moreover, considering that the DST L2 ID may be shared for different cast types (e.g. a unicast connection’s DST L2 ID and groupcast DST L2 ID are same), it is impossible to solely depend on the DST L2 ID to distinguish cast types among the SL LCHs, and this is also justified by SA2’s conclusion once informed to RAN2 that an explicit cast type indication should be submitted along with DST L2 ID for each V2X packet submitted to the AS. As a result, it should be guaranteed that data of SL LCHs with the same DST ID but with different cast types cannot be multiplexed into the same MAC PDU
Consequently, it is observed that data of SL LCHs associated with different cast types cannot be multiplexed given a SL grant, and this cannot be simply addressed via DST L2 ID due to the potential ID conflicting. This means that for a given the SL grant, only the data of a specific cast type can be transmitted. 
Observation 1: Data of SL LCHs associated with different cast types cannot be multiplexed into the same MAC PDU for an available SL grant. This restriction cannot be realized simply by DST IDs due to the potential ID conflicting among different cast types.
With above observation, we discuss how to determine the cast type as well as the DSTs to which each SL grant should be applied. Specifically, one may wonder whether the cast type can be carried as one of the property of an available SL grant. According to the agreements in RAN1#98 meeting [4], the resource pool is shared for all cast types, based on our understanding that RAN1 may not define cast type restriction for both mode-1 and mode-2 grants
	Agreements:
· In physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. 
· There is no (pre-)configuration to inform which cast types are used for the resource pool.


Considering that RAN1 does not define the cast type property for each SL grant, when MAC gets an SL grant which is allowed to transmit the data of all cast types (Broadcast/Groupcast/Unicast), the multiplexing and assembly entity shall first decide the which specific cast type this grant is used for. The simplest way is to reuse the LTE solution, e.g. select the DST with highest SL LCH priority from all cast types and set the cast type as the selected DST’s cast type, and instructs the PHY layer to transmit this cast type in SCI. If the ID conflicting happens for the selected DST ID, then the UE selects one as the selected DST’s cast type based on UE implementation. 
Proposal 1: Considering that an SL grant may not have a cast type property instructed by PHY, the UE in MAC may select the DST with the highest SL LCH priority for a new transmission and instructs the cast type of the selected DST to PHY for the inclusion in SCI. Then only the data of the SL LCHs belonging to the selected DST and cast type can be multiplexed into the MAC PDU to be transmitted.
Proposal 2: Once ID conflicting happens for the selected DST ID (i.e. multiple cast types using this DST ID), the MAC selects one of them as the “cast type of the selected DST” in Proposal 1.
LCP restrictions for SL LCH selection
Some further discussions on the potential LCP restrictions for SL LCH selection are carried out in this section.
Further considerations for LCP restriction for IC UEs
Before we discuss the LCP restriction for some factors (e.g. cast type, mode, range, HARQ enable/disable, Groupcast option1/2, etc.), we may need to discuss a general design principle, which is commonly applied to all these factors. The principle includes the following issues:
· Issue 1: Whether the property is configured at DST level or LCH level
LCP restriction actually works by restricting the properties of the grants that each LCH can apply. When it comes to SL, if the grant property corresponding to each LCP restriction is configured at a DST level, which means all the LCHs within this DST shall have same property value, the existing LCP restriction regime in UL shall be changed to select the matched DSTs for an available SL grant, in order to support SL LCP restriction. Otherwise if the grant property is configured at a LCH level, which means SL LCHs within this DST may have different property value, the basic logic of the existing UL LCH restriction can be reused to select the matched LCHs in the case of SL.
· Issue 2: Whether LCHs with different LCP restrictions can be multiplexed in the same MAC PDU, for a given SL grant available.
There is the possibility that some LCP restrictions give a range for a grant property. For example, in NR UL, the maximum PUSCH duration as one of the LCP restriction gives the maximum value of the available UL grant’s length that applies to each LCH; for a given UL grant, data of different LCHs with this LCP restriction value bigger than the grant’s actual PUSCH length is all allowed to be multiplexed in to the MAC PDU for the transmission. However, there is still another type of restriction, which gives a “harsh” LCP restriction that only the data of the LCH with a specific LCP restriction value can be multiplex into the MAC PDU for a given grant. For example, for a type-1 configured SL grant, only the LCH with the LCP restriction “configuredGrantType1Allowed” set true can be multiplex into the MAC PDU to be transmitted, but the data of LCH with a different value (i.e. false) cannot be multiplexed. This issue may also need to be considered when we discuss how each LCP restriction should look like.
· Issue 3: Whether an SL grant can carry a property.
If an SL grant carries a property and if the property is configured at LCH level, then LCP restrictions play the role to select the matched SL LCHs that can be really carried by the SL grant according to the property carried in the SL grant:
· For mode 1 dynamic grant, it is the DCI that indicates the property value, e.g. HARQ enabled;
· For mode 1 configured grant, it is the RRC that carries the property (that the SL grant is a configured SL grant type-1/2);
· For mode 2, the UE itself knows the property values of each SL grant it selected based on sensing autonomously.
Which property value may need to be involved in SL LCP restriction during the LCP procedure for each transmission may need to be determined by RAN2, as it might have impact on at which level the LCP restriction should be applied (e.g. at a per DST level or per LCH level ).
Observation 2: Each possible SL LCP restriction should be discussed by taking into account the above three issues.
Below, we try to discuss grant properties corresponding to possible SL LCP restrictions individually, with each of them being discussed regarding the above issues.
· LCP restriction regarding HARQ enable/disable
· Issue 1: Whether the property is configured at DST level or LCH level
Detailed discussions on whether to support HARQ enable/disable at DST level or LCH level is discussed in another contribution of ours [5], and we do not intend to duplicate the discussions. However, the key point here is that, as we indicated in the common principle part, if such HARQ enable/disable is a per DST level configuration, it is necessary to select the matched DST for a given SL grant, but if it is a per LCH level configuration it is necessary to select the matched SL LCHs, given each new transmission opportunity.
Proposal 3: For the LCP restriction on HARQ enable/disable, the MAC needs to select the matched DSTs, if it is agreed to be configured at DST level, but to select the matched SL LCHs, if it is configured at LCH level.
· Issue 2: Whether LCHs with different LCP restrictions can be multiplexed in the same MAC PDU, for a given SL grant available.
Assuming that the HARQ enable/disable is configured at LCH level, whether SL LCHs with different HARQ enable/disable configurations can be multiplexed in the same MAC PDU is the question to be answered. In detail:
· When an SL grant is HARQ enabled, the simplest way is that only SL LCHs with HARQ enabled matches this grant, but one further question is whether SL LCHs with HARQ disabled can also use this grant for transmission? 
· When an SL grant is HARQ disabled, obviously only SL LCHs with HARQ disabled are matched (e.g. all broadcast DSTs and unicast/groupcast DSTs with HARQ disabled), with the reason that SL LCHs with HARQ enabled normally has higher reliability requirement which cannot be satisfied via SL grants without HARQ feedback.
Proposal 4: When an SL grant is indicated as “HARQ enabled”, at least SL LCHs with the LCP restriction of “HARQ enabled” match the grant and can be selected for transmission. FFS whether SL LCHs with “HARQ disabled” configured can be selected as well.
Proposal 4a: When an SL grant is “HARQ disabled”, only SL LCHs with “HARQ disabled” match the grant and can be selected for transmission.
· Issue 3: Whether an SL grant can carry a property.
For the question of whether a grant has such property, e.g. indicating HARQ enabled or disabled, details are as follows:
· For a mode-1 SL grant, considering that the Tx UE and gNB should have the same understanding on whether the HARQ feedback is enabled or disabled, we think the gNB will always set the HARQ enable/disable property for a mode-1 grant, and indicate this parameter with the grant itself (including both dynamic SL grants and configured SL grants).
· For a mode-2 SL grant, when a Tx resource pool is not configured with PSFCH resources, then the sensing based grant in this resource pool can be seen as HARQ disabled. Otherwise if a Tx resource pool is configured with PSFCH resources, then the mode-2 grant can be seen as HARQ enabled.
Observation 3: All the SL grants should have some forms of indication of HARQ enable/disable.
Proposal 5: Considering that all SL grants have HARQ enable/disable indication, the MAC selects the proper SL LCHs whose LCP restriction of “HARQ enable/disable” configured aligns with this indication labelled on the available SL grant.
· LCP restriction Regarding Groupcast HARQ option1/2
· Issue 1: Whether the property is configured at DST level or LCH level
Detailed discussions on whether to support option1/2 at DST level or SL LCH level is discussed in another contribution of ours [5], and we do not intend to duplicate the discussions. However, the key point here is that, if such Groupcast HARQ option 1/2 indication is a per DST level configuration, it is necessary to select the matched DST for a given SL grant, but if it is a per LCH level configuration, it is necessary to select the matched SL LCHs, given each new transmission opportunity. 
Proposal 6: For the LCP restriction on Groupcast HARQ option1/2, the MAC needs to select the matched DSTs, if it is agreed to be configured at DST level, but to select the matched SL LCHs, if it is agreed to be configured at LCH level.
· Issue 2: Whether LCHs with different LCP restrictions can be multiplexed in the same MAC PDU, for a given SL grant available.
Firstly, we need to discuss whether this scenario (a DST for groupcast with SL LCHs applying different HARQ feedback options, i.e. option 1/2) is valid or not.
For the groupcast without leader cases, as the group member information is not aware of by the AS, definitely option2 (i.e. ACK/NACK) cannot be used. But for groupcast with leader scenarios (e.g. platooning), the group member information may be aware of by the AS, and using both option 1 and option 2 sounds fine, with the specific option to be used perhaps relying on PSFCH resources consumption (e.g. when group member is big option 1 is used, and group member is small option 2 is used). Then, there are the following detailed analyses:
· Regarding whether it is possible to multiplex data of SL LCHs for groupcast w/o leader and that of SL LCHs for groupcast with leader, we think it cannot happen, as the two types of SL LCHs should have different DSTs.
· Regarding whether it is possible to multiplex data of the SL LCHs for the same DST of groupcast w/o leader but with different options configured (e.g. for a DST some SL LCHs are configured with option 1, and the other SL LCHs are configured with option2), we think this should not happen, as the w/o leader scenarios can only use option1 (i.e. NACK only).
· Regarding whether it is possible to multiplex data of the SL LCHs for the same DST of groupcast with leader but with different options configured (e.g. for a DST some SL LCHs are configured with option 1, and other SL LCHs are configured with option 2), whether such configuration is allowed and if yes whether these SL LCHs with the same DST can be multiplexed into the same TB may need to be evaluated by RAN1.
On additional point regarding whether it is likely to multiplex data of SL LCHs configured with different groupcast HARQ feedback options is that for option1 the SCI of the transmission, as per RAN1 design, will carry the range parameter which restricts that only the Rx UEs within the range can feedback, but for option 2 SL LCHs this range restriction is not valid. Taking all above factors into account, maybe we can ask RAN1 whether multiplexing data of SL LCHs configured with different groupcast options should be allowed.
Proposal 7: Send an LS to RAN1 asking whether a TB can carry both the data that need to be transmitted via Groupcast HARQ option1 and data that need to be transmitted via option 2.
· Issue 3: Whether an SL grant can carry a property.
In our understanding, this indication is not needed to be carried in both mode-1 and mode-2 grants, which means the Tx UE will make the decision which option an available SL grant is used for, e.g. selecting the corresponding option of highest priority SL LCH and the corresponding DST as in LTE. But this may need to be confirmed by RAN1. 
Proposal 8: Send an LS to RAN1 asking whether Groupcast HARQ option1/2 is indicated for an SL grant.
If RAN1 finally defined an indication of option 1/2 for a SL grant, then the selection of SL LCHs during LCP restriction procedure can be directly based on that indication, i.e. selecting the matched SL LCHs that is configured with the same option as what is indicated for the available SL grant. Otherwise, it seems that MAC may have to choose an option (e.g. option 2) for an available SL grant (e.g. the option configured for the highest priority SL LCH), and then only multiple the data of the selected option into the SL grant. Details can be FFS after RAN1’s reply.
Whether and how to support LCP restrictions for OOC UEs
In RAN2#106 meeting [1], we agreed to support LCP restriction for SL for UE in IC, but left FFS for OOC UEs. In our understanding, LCP restriction for OOC UEs should be supported at least for HARQ enable/disable, as according to our earlier analysis, a mode 2 SL grant also have such property and Tx UE should select the matched SL LCHs, when selecting a grant not supporting HARQ feedback in a Tx resource pool without PSFCH resources.
Proposal 9: LCP restriction for HARQ enable/disable is supported for UEs in OOC.
If some LCP restrictions are to be supported for OOC UE, then corresponding configuration can be acquired via pre-configuration.
Proposal 10: LCP restrictions for SL LCHs are pre-configured by the NW for UEs in OOC.
Unlike UEs in IC, a configured SL grant type 1 cannot be configured for UEs in OOC, so in this case LCP restriction for configured grant type1 is not supported.
Proposal 11: LCP restriction for Configured SL grant Type1 permission is not supported for UEs in OOC, i.e. the Configured grant Type 1 allowed restriction is not valid in pre-configured SLRBs configurations.
For unicast, whether different destinations are multiplexed into the same MAC PDU
In LTE-V2X [6], different destinations cannot be multiplexed into the same MAC PDU. For NR-V2X, in RAN2#106 meeting [1], it is also agreed to adopt the same principle 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 agreements we made for groupcast and broadcast 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 this is not allowed)..
2) This additionally requires the AS layer to be aware of whether different target L2 IDs belong to the same target UE. For this, SA2 has agreed not to support this functionality in Release 16 [7], and this is neither an easy task for the AS to achieve.
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.
So we propose not to support such operation of multiplexing multiple DSTs’ data into the same MAC PDU for unicast.
Proposal 12: For Sidelink unicast, data of different destinations is not multiplexed into the same MAC PDU, and each Destination Layer 2 ID are treated as targeting a specific UE.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the remaining issues on sidelink LCP procedure, and the following proposals has been given: 
Observation 1: Data of SL LCHs associated with different cast types cannot be multiplexed into the same MAC PDU for an available SL grant. This restriction cannot be realized simply by DST IDs due to the potential ID conflicting among different cast types.
Proposal 1: Considering that an SL grant may not have a cast type property instructed by PHY, the UE in MAC may select the DST with the highest SL LCH priority for a new transmission and instructs the cast type of the selected DST to PHY for the inclusion in SCI. Then only the data of the SL LCHs belonging to the selected DST and cast type can be multiplexed into the MAC PDU to be transmitted.
Proposal 2: Once ID conflicting happens for the selected DST ID (i.e. multiple cast types using this DST ID), the MAC selects one of them as the “cast type of the selected DST” in Proposal 1.
Observation 2: Each possible SL LCP restriction should be discussed by taking into account the above three issues.
Proposal 3: For the LCP restriction on HARQ enable/disable, the MAC needs to select the matched DSTs, if it is agreed to be configured at DST level, but to select the matched SL LCHs, if it is configured at LCH level.
Proposal 4: When an SL grant is indicated as “HARQ enabled”, at least SL LCHs with the LCP restriction of “HARQ enabled” match the grant and can be selected for transmission. FFS whether SL LCHs with “HARQ disabled” configured can be selected as well.
Proposal 4a: When an SL grant is “HARQ disabled”, only SL LCHs with “HARQ disabled” match the grant and can be selected for transmission.
Observation 3: All the SL grants should have some forms of indication of HARQ enable/disable.
Proposal 5: Considering that all SL grants have HARQ enable/disable indication, the MAC selects the proper SL LCHs whose LCP restriction of “HARQ enable/disable” configured aligns with this indication labelled on the available SL grant.
Proposal 6: For the LCP restriction on Groupcast HARQ option1/2, the MAC needs to select the matched DSTs, if it is agreed to be configured at DST level, but to select the matched SL LCHs, if it is agreed to be configured at LCH level.
Proposal 7: Send an LS to RAN1 asking whether a TB can carry both the data that need to be transmitted via Groupcast HARQ option1 and data that need to be transmitted via option 2.
Proposal 8: Send an LS to RAN1 asking whether Groupcast HARQ option1/2 is indicated for an SL grant.
Proposal 9: LCP restriction for HARQ enable/disable is supported for UEs in OOC.
Proposal 10: LCP restrictions for SL LCHs are pre-configured by the NW for UEs in OOC.
Proposal 11: LCP restriction for Configured SL grant Type1 permission is not supported for UEs in OOC, i.e. the Configured grant Type 1 allowed restriction is not valid in pre-configured SLRBs configurations.
Proposal 12: For Sidelink unicast, data of different destinations is not multiplexed into the same MAC PDU, and each Destination Layer 2 ID are treated as targeting a specific UE.
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