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1. Introduction
In this contribution, we we provide our view on the remaining issues of Rel-18 UE features for NR sidelink and MBS.

2. Sidelink
In the previous meeting, the UE features for Rel-18 sidelink evaluation were discussed and agreed in [1]. In this section, we provide our view on the remaining issues of UE features for Rel-18 NR sidelink evolution.
2.1. Sidelink on unlicensed spectrum
In this section, the remaining details of UE features for SLU are discussed. 
Firstly, in the previous RAN1 meetings, the FG 32-4 and 32-4a are added as prerequisites for some FGs, such as 47-m10, 47-k5, etc., as well as the candidate prerequisites for some other FGs, e.g., 47-m1, assuming that partial sensing and random selection can operate in unlicensed band with interlace RB based transmission. On the other hand, RAN2 agreed [2] that UE is not expected to be (pre)configured to perform partial sensing operation over an unlicensed spectrum using interlace RB based transmission, in Rel-18, which does not align with RAN1’s assumption. In order to reflect the RAN2’s agreement, the FG 32-4 and 32-4a should be removed from prerequisites at least for FG 47-m1 (i.e., Interlace RB-based SL transmission/reception). Otherwise, if RAN1 intends to revert RAN2’s agreement, the decision of prerequisite would have to be pending on RAN2’s further decision.
[bookmark: _Ref162627255]Proposal 1: The FG 32-4 and 32-4a should be removed from prerequisites at least for 47-m1, if RAN1 decides to follow RAN2’s agreement.

Secondly, for the prerequisites of other FGs, such as 47-k1 (SL channel access for dynamic channel access mode), 47-k5 (Resource allocation for multi-consecutive slots transmission), 47-m3 (Transmitting PSCCH/PSSCH from 2nd starting symbol in a slot), and 47-m10 (Contiguous RB-based PSCCH/PSSCH transmission/reception), although RAN2’s agreement does not preclude the partial sensing and random selection to be used in contiguous RB-based SL transmission over unlicensed spectrum, it seems to be simpler and safer to handle them in the same way, i.e., to remove the FG 32-4 and 32-4a from prerequisites.
[bookmark: _Ref165920316]Proposal 2: The FG 32-4 and 32-4a should be removed from prerequisites for 47-k1, 47-k5, 47-m3 and 47-m10 if they are not the prerequisites of FG 47-m1.

Thirdly, for the prerequisite of FG 47-m4, given that it is optional without capability, it is not important (and even not meaningful) to define the prerequisite. Removing a FG from the prerequisite does not prevent the UE from supporting that FG. On the other hand, it is actually problematic to define a ‘partial prerequisite FG’, i.e., introduce a FG with the exception of some of the components. More especially, if a UE indicates both FG 15-1 and 47-m4 (with 15-1 as prerequisite except Component 5) in the same band, it is very confusing on whether or not the UE supports Component 5 of 15-1: on one hand, the UE indicate FG 15-1 for this band, thus it should support all the components of this FG, while on the other hand, another FG 47-m4 indicates that the UE is not required to do so. Thus, it is desirable to avoid such kind of ambiguity.
[bookmark: _Ref165920318]Proposal 3: Do not define “15-1 except Component 5” as the prerequisite of FG 47-m4.


Finally, regarding whether to introduce the FG 47-m13, the essential issue here is how to determine the maximum number of simultaneous PSFCH transmissions in SLU.
In R16/17 SL, UE may drop some PSFCHs based on the number of PSFCH(s) resources that the UE can transmit/receive in a slot indicated in UE’s capability. Since each PSFCH occupies one PRB in R16/17 SL, there is no ambiguity about the number of PSFCH resources and the number of PSFCHs. However, regarding R18 SLU, it is not clear how to perform PSFCH prioritization, especially to determine the simultaneous PSFCH transmissions based on UE’s capability, since both types of PSFCH transmission occupy more than one PRB. Therefore, a clarification of the UE’s capability about the UE can transmit/receive PSFCHs in a slot is needed in SLU.
Option 1: the UE’s capability indicates the number of PSFCH(s) PRBs that the UE can transmit/receive in a slot.
Option 2: the UE’s capability indicates the number of PSFCH(s) interlaces that the UE can transmit/receive in a slot.
Option 3: the UE’s capability indicates the number of PSFCH resources with valid HARQ-ACK information in response to a PSSCH reception or with conflict information that the UE can transmit/receive in a slot.
[bookmark: OLE_LINK8]In option 1, the number of simultaneous PSFCHs transmissions is subject to the PSFCH(s) PRB numbers. As the PRB number of each PSFCH transmission increases, the number of simultaneous PSFCH transmission decreases. It is noted that each PSFCH interlace contains 10/11 PRBs, thus the number of simultaneous HARQ-ACK or IUC transmission is approximately 1/10 compared with Rel-16. When the UE’s capability is 20 PRBs, the number of PSFCH transmissions is shown in Table 1. The decreased number of simultaneous PSFCH transmission may result in a decline in system performance. 
	Rel-16: 20 PSFCHs
	Alt 1-1b: 2 PSFCHs(20 PSFCH RBs)
	Alt 2-3a: 2 PSFCHs(20 PSFCH RBs)

	

	

	



[bookmark: _Ref149914024]Table 1 the number of PSFCH transmissions when UE’s capability is 20 PRBs
For Alt 2-3a, option 2 implies that the number of simultaneous PSFCH transmission is equal to the interlace number indicated in UE’s capability. However, in Alt 1-1b, each interlace may contain multiple sets of dedicated K3 PRBs, resulting in the number of simultaneous PSFCH transmission being much more than the interlace number indicated in UE’s capability. For example, UE can transmit 20 different HARQ-ACK/IUC in 3 interlaces (including common interlace) when K3 is equal to 1. When the UE’s capability is 3 interlaces, the number of PSFCH transmissions is shown in Table 2. In this case, the processing complexity will be dramatically increased compared with Rel-16.
	Rel-16: 30 PSFCHs
	Alt 1-1b: 20 PSFCHs(K3=1)
	Alt 2-3a: 3 PSFCHs

	

	

	



[bookmark: _Ref149915152]Table 2 the number of PSFCH transmissions when UE’s capability is 3 interlaces
In Option 3, the number of PSFCH resources is determined excluding the common interlace, and the number of simultaneous PSFCH transmission is equal to the indication in UE’s capability. The processing complexity slightly increases due to the PRB repetition of the PSFCH transmission compared with Rel-16. When the UE’s capability is 3 PSFCH resources, the number of PSFCH transmissions is shown in Table 3. Moreover, since the UE may drop the PRB of common interlace in Alt 1-1a, it is reasonable that the UE performs PSFCH prioritization based on the PSFCH resource without common interlace. Therefore, option 3 is preferred.
	Rel-16: 3 PSFCHs
	Alt 1-1b: 3 PSFCHs
	Alt 2-3a: 3 PSFCHs

	

	

	



[bookmark: _Ref149915173]Table 3 the number of PSFCH transmissions when UE’s capability is 3 interlaces

[bookmark: _Ref157797537]Proposal 4: The UE’s capability of the supported number of PSFCH indicates the number of PSFCH resources with valid HARQ-ACK information in response to a PSSCH reception or with conflict information that the UE can transmit/receive in a slot.

With this understanding, it seems not necessary to introduce the FG 47-m13. 
[bookmark: _Ref134630118]Proposal 5: The UE capability 47-m13 is not necessary.

2.2. Co-channel coexistence for LTE Sidelink and NR Sidelink
In this section, the UE features for co-channel coexistence of LTE sidelink and NR sidelink are discussed. 
The UE capability (FG 47-s1) of indicating the support of dynamic resource pool sharing for co-channel coexistence between LTE SL and NR SL has been finalized. On the other hand, dynamic resource pool sharing is not the only solution for co-channel coexistence between LTE SL and NR SL. It is concluded that TDM-based semi-static resource pool partitioning can be used for co-channel coexistence. It should be noted that co-channel coexistence between LTE and NR SL is not a basic SL UE feature. Even in rel-16, the support of in-device coexistence is optional. Moreover, co-channel coexistence is not the basic assumption of in-device coexistence. Instead, separate operating channels between RATs are assumed, as, e.g., described in the TR 37.985 [3], where frequency spacing is always assumed between LTE and NR SL:
	It is envisaged that there will exist devices that support both LTE-V2X and NR-V2X, and which will be operating in both systems concurrently. If the two RATs are widely spaced in frequency, e.g. being in different bands, then there need be no particular issues to consider since it is assumed that a separate RF chain will be provided for each band.
If, however, a sufficiently close frequency spacing is deployed, then it is desirable to enable a single RF chain to be used in the implementation, and also to adhere to the sidelink half-duplex principle established in LTE-V2X, i.e.  that the UE is not required to simultaneously transmit and receive on sidelink. The former constraint means that interference between the two RATs' receptions can occur in the device if they are placed sufficiently close together in the frequency domain, and that simultaneous transmission on both RATs is prevented by the UE's single power budget. The latter constraint implies that one RAT cannot be received/transmitted while the other RAT is doing the opposite.


Moreover, the co-channel coexistence of LTE and NR with different SCSes (i.e., assuming simultaneous transmission and reception using different SCSes in the same channel for a SL UE), is not considered even for TDM-based semi-static resource pool partitioning.
Therefore, a UE cannot be assumed to mandatorily support the TDM-based co-channel coexistence. A separate UE capability should be defined to indicate whether the UE supports TDM-based semi-static resource pool partitioning for co-channel coexistence. The proposed UE capability is given below.
	47. NR_SL_enh2
	47-s2
	TDM-based semi-static resource pool partitioning for co-channel coexistence of LTE sidelink and NR sidelink with mix SCSes
	1) UE supports TDM-based semi-static resource pool partitioning for co-channel coexistence between LTE sidelink and NR sidelink with 15 kHz SCS and/or 30kHz SCSs. Candidate value sets: {[15KHz, 30kHz, both]}.
2) Combination A (Mode 2 NR SL with Mode 4 LTE SL) is supported.
3) Device type A (the NR SL module uses the sensing and resource reservation information shared by the LTE SL module) is supported.


	None
	Yes
	No
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling. 



[bookmark: _Ref142055876]Proposal 6: A capability of TDM-based semi-static resource pool partitioning for co-channel coexistence of LTE sidelink and NR sidelink with different SCS(es), e.g., 15kHz SCS for LTE SL and 30kHz SCS for NR SL, is introduced.
[bookmark: _Ref134630126]
2.3. Sidelink CA operation
In this section, the UE features for sidelink CA operation are discussed. 
Regarding the prerequisites of 47-v2, similar to the FG 47-v3, additional prerequisites beyond 47-v1 are not necessary. Including additional FG as a prerequisite does not provide additional benefits, while actually increasing the risk of introducing forward compatibility issue. Anyway, removing the FG 15-4 from the prerequisite does not prevent the UE from supporting 15-4 for non-CA case.
[bookmark: _Ref149642474]Proposal 7: Additional prerequisite beyond 47-v1 is not necessary for FG 47-v2.
Regarding 47-v3, one remaining issue is the candidate number of PSFCH transmission and reception, i.e., X and Y. For the single carrier case, a UE can report up to M={4, 8, 16} PSFCH transmissions and up to N={5, 15, 25, 32, 35, 45, 50, 64} PSFCH receptions. In the CA case, up to K={2, 3, 4, 5, 6, 7, 8} carriers can be supported. Thus, the candidate number of X and Y can be X=K*N, Y=K*M, where the value K is the number of SL carriers that the UE supports.
[bookmark: _Ref149641304]Proposal 8: For FG 47-v3, the candidate number of PSFCH receptions X and PSFCH transmission Y can be X=K*N, Y=K*M, where the value K is the number of SL carriers that the UE supports.


3. MBS
In this section, the UE features for intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state are discussed. 
In RAN1#115, RAN1 made discussions on UE Capability of Multicast Reception in RRC_INACTIVE triggered by RAN2 LS and the following agreements were made[4].
	Agreement:
RAN1 confirms the RAN2 assumption that the UE in RRC_INACTIVE state is not required to support FDMed multicast MCCH PDSCH or MTCH PDSCH with DL channels other than FDMed multicast MCCH PDSCH and PBCH in a slot in Pcell. Specifically, from RAN 1’ perspective, the UE in RRC_INACTIVE state is not expected to support reception of
· FDMed multicast MTCH PDSCH and PBCH 
· FDMed multicast MCCH PDSCH and multicast MTCH PDSCH 
· FDMed multiple multicast MTCH PDSCHs
· FDMed multicast MCCH/multicast MTCH PDSCH and SIB PDSCH 
· FDMed multicast MCCH/multicast MTCH PDSCH and Paging PDSCH 
· FDMed multicast MCCH/multicast MTCH and RAR PDSCH
· FDMed multicast MCCH/MTCH and broadcast MCCH/MTCH 
Agreement:
FG 33-3-2 and FG 33-3-3 do not apply to the UE multicast reception in RRC INACTIVE state. 

Agreement:
From RAN1 perspective, 
· a new FG for the support of FDMed any combinations of unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state is not needed.
· whether a new FG for the support of intra-slot TDMed unicast/broadcast/ multicast PDSCHs in RRC_INACTIVE state is introduced is up to RAN2.
LS to RAN2 is approved in:
R1-2312641	Reply LS on UE Capability of Multicast Reception in RRC_INACTIVE	RAN1, vivo



In Rel-17, for multicast reception in RRC_CONNECTED state, feature group of 33-3-2 and 33-3-3 are introduced to support FDMed and intra-slot TDMed PDSCHs between unicast PDSCH and group-common PDSCHs. RAN1 agreed that FG 33-3-2 and FG 33-3-3 do not apply to the UE multicast reception in RRC INACTIVE state and whether a new FG for the support of intra-slot TDMed unicast/broadcast/ multicast PDSCHs in RRC_INACTIVE state is introduced is up to RAN2. In the LS [5][5], RAN2 agreed to introduce a new optional UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs. Thus, a new optional UE capability for intra-slot TDMed unicast/broadcast/multicast PDSCHs needs to be defined.
When defining the FG for the support of intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state, the following options are identified.
· Option 1: Support TDM between one group-common PDSCH for multicast and one unicast PDSCH in a slot
· Option 2: Support TDM between one group-common PDSCH for multicast and one group-common PDSCH for broadcast or one unicast PDSCH in a slot
· Option 3: Define the feature group similar as that of 33-3-3 for UEs in RRC_CONNECTED state so that {2,4,7} TDMed PDSCHs in a slot can be supported based on UE capability. For the FG for the support of intra-slot TDM-ed unicast/broadcast/ multicast PDSCHs in RRC_INACTIVE state, the components include:
1. Support TDM between one unicast PDSCH and one group-common PDSCH for multicast in a slot.
2. Support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH for multicast in a slot per CC
3. Support TDM among N (N>1) group-common PDSCHs in a slot per CC
4. Support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
5. The UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b
· Note:  Group-common PDSCH(s) are counted as unicast PDSCH(s).
· Note: The max number of (M+1), N, (K+L) are determined based on the numbers reported by FG5-11 and/or FG5-11a and/or FG5-11b.
6. up to one broadcast PDSCH is supported in a slot.
7.  For any two consecutive slots n and n+1, if there are more than 1 broadcast/multicast/unicast PDSCH in either slot, whether to require the minimum time separation between starting time of any two broadcast/multicast/unicast PDSCHs within the duration of these slots is 4 OFDM symbol for 30kHz and 7 OFDM symbol for 60kHz
It is obvious that option 1 is the simplest one, and is aligned with RAN2’s main motivation to support intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state, i.e., intra-slot TDM between unicast PDSCH and multicast PDSCH is beneficial for UE with both small data transmission and multicast transmission. Option 2 supports TDM between multicast PDSCH and broadcast PDSCH besides TDM between multicast PDSCH and unicast PDSCH. If UE supports TDM between multicast PDSCH and unicast PDSCH, and UE supports broadcast reception, there is no difference between reception of unicast PDSCH and reception of broadcast PDSCH, so UE can also support TDM between multicast PDSCH and broadcast PDSCH. For option 3, it reuses the intra-slot TDM capability for UE in RRC_CONNECTED state. It looks straightforward, but it is very complicated. Note that more than one TDMed unicast PDSCHs in one slot is also supported in this option which is different from legacy. Rel-18 MBS is enhancements for MBS multicast in RRC_INACTIVE state, enhancements for unicast PDSCH may be out of scope and should not be pursued especially at the later stage. Thus, we think both option 1 and option 2 can be considered, and option 1 is preferred for simplicity.
In addition, to define a new FG for intra-slot TDM-ed unicast PDSCH and group-common PDSCH for multicast in RRC_INACTIVE state, a basic layer L1 FG for multicast reception in RRC_INACTIVE state is needed, which can be based on multicastInactive-r18 defined in RAN2. In addition, for SDT in RRC_INACTIVE state, RAN1 does not introuduce new capability. Here, 38-x is used for placeholder. 
[bookmark: _Ref166253501]Proposal 9: The following new UE FGs should be introduced for multicast reception in RRC_INACTIVE state with intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state.

	xx-y
	Dynamic scheduling for multicast in RRC_INACTIVE state
	1. Support of group-common PDCCH/PDSCH for multicast with CRC scrambled by Multicast
MCCH-RNTI.
2. Support of group-common PDCCH/PDSCH for multicast with CRC scrambled by G-RNTI.
2. Support of CFR configuration for multicast.
3. Support of CORESET and common search space configuration for multicast.
4. Support of DCI format 4_0 with CRC scrambled with Multicast
MCCH-RNT for multicast MCCH.
5. Support of DCI format 4_1 with CRC scrambled with G-RNTI for multicast MTCH.
6. Support one G-RNTI for multicast reception.
5. Support of inter-slot TDM between group-common PDSCH for multicast and other PDSCHs in different slots.
	
	BandNR
	
	N/A
	N/A
	
	Optional with capability signalling

	
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH for multicast in RRC_INACTIVE state
	1. Support TDM between one unicast PDSCH and one group-common PDSCH for multicast in a slot.
2. For any two consecutive slots n and n+1, if there are more than 1 multicast/unicast PDSCH in either slot, whether to require the minimum time separation between starting time of any two multicast/unicast PDSCHs within the duration of these slots is 4 OFDM symbol for 30kHz and 7 OFDM symbol for 60kHz
	xx-y, [38-x]
	
	BandNR
	N/A
	N/A
	Candidate value for component 2: require the minimum time separation time {yes, no}
	Optional with capability signalling



4. Conclusion
In the contribution, we provide our view on UE features for Rel-18 NR sidelink and MBS, with the following proposals. 
Proposal 1: The FG 32-4 and 32-4a should be removed from prerequisites at least for 47-m1, if RAN1 decides to follow RAN2’s agreement.
Proposal 2: The FG 32-4 and 32-4a should be removed from prerequisites for 47-k1, 47-k5, 47-m3 and 47-m10 if they are not the prerequisites of FG 47-m1.
Proposal 3: Do not define “15-1 except Component 5” as the prerequisite of FG 47-m4.
Proposal 4: The UE’s capability of the supported number of PSFCH indicates the number of PSFCH resources with valid HARQ-ACK information in response to a PSSCH reception or with conflict information that the UE can transmit/receive in a slot.
Proposal 5: The UE capability 47-m13 is not necessary.
Proposal 6: A capability of TDM-based semi-static resource pool partitioning for co-channel coexistence of LTE sidelink and NR sidelink with different SCS(es), e.g., 15kHz SCS for LTE SL and 30kHz SCS for NR SL, is introduced.
Proposal 7: Additional prerequisite beyond 47-v1 is not necessary for FG 47-v2.
Proposal 8: For FG 47-v3, the candidate number of PSFCH receptions X and PSFCH transmission Y can be X=K*N, Y=K*M, where the value K is the number of SL carriers that the UE supports.
Proposal 9: The following new UE FGs should be introduced for multicast reception in RRC_INACTIVE state with intra-slot TDMed unicast/broadcast/multicast PDSCHs in RRC_INACTIVE state.
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