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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
After RAN1#110 discussion, the RAN1 UE features for Rel-17 NR is updated in [1]. This contribution provides our views for the remaining issues for UE features set 1 topics.


Discussion on Rel-17 UE features for NR coverage enhancement
2.1 FG 30-4/4a/4b/4c/4d/4e/4f/4g/4h for DMRS bundling
In RAN1#110, the issues in reply LS from RAN4 on DMRS bundling have been discussed and the LS to RAN4 was endorsed. The remaining issue is as follows.
	2) CA/DC/SUL support 
RAN4 would like to inform RAN1 and RAN2 that it has agreed to define requirements for the following additional radio configurations for Rel-17 DMRS bundling:
· FR1+FR2 UL CA, FR1+FR2 DC, and EN-DC with NR on FR2. DMRS bundling configuration is limited to one uplink NR carrier in total on all FRs at a time.
· FR1 inter-band DL CA with a “single” uplink band configured, meaning no switching to transmit SRS on another carrier.
RAN4 discussed whether applying DMRS bundle to FR1 inter-band UL CA would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering DL CA with “additional” UL carrier configured with SRS only (i.e. no PUCCH/PUSCH configured) with the following conditions:
· For carrier switching back and forth between UL carrier and SRS carrier, if the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
Considering FR1 inter-band UL CA with DMRS bundling with following conditions:
· UE shall only have ongoing transmissions on a single uplink carrier at the same time. If overlapping transmissions of PUSCH, PUCCH, and/or SRS are erroneously scheduled/configured by the gNB on more than one carrier, then the phase continuity of DMRS bundling will be broken.
· Only configuration of a single TAG is supported.
· If there is any carrier switching back and forth between two carriers and the switching happens within the DMRS bundling duration, then the phase continuity is not maintained by the UE.
· Can only one band can be configured with DMRS bundling at a time?



RAN4 also discussed whether applying DMRS bundle to SUL would have any RAN1 spec impacts, and would appreciate RAN1 feedback before making further decision:
	Considering SUL with DMRS bundling with following conditions:
· Can only one band can be configured with DMRS bundling at a time?
· If there is any carrier switching back and forth between SUL and NUL carriers and the switching happens within the bundling duration, then the phase continuity is not maintained by the UE.



Unfortunately, RAN4 has still not concluded on whether the UE capability signalling to support each of these configurations should be defined per-band, or per-band per band combination. Previous RAN4 agreements on UE capability are not overturned.




And the conclusion of RAN#97-e on supporting DMRS bundling in case of UL operation over multiple carriers are as follows:
	Conclusion:
· On the issue of supporting DMRS bundling in case of UL operation over multiple carriers, WGs are to continue with their work to resolve the issue (for radio configurations included in R4-2211225) before RAN#98 under the assumption of no RAN1 specification change.


According to the point#2, it has been agreed to define requirements for FR1+FR2 UL CA, FR1+FR2 DC, EN-DC with NR on FR2, and FR1 inter-band DL CA with a “single” uplink band configured for Rel-17 DMRS bundling in RAN4. Since the power is not shared between multiple bands and no carrier switching occurs in the above scenarios, these agreements do not bring additional impacts on RAN1. 
However, for FR1 inter-band UL CA, supporting DMRS bundling will lead to RAN1 specification impacts due to transmit power sharing, e.g., introduction of additional events which cause power consistency and phase continuity not to be maintained. Besides, DMRS bundling is designed to achieve better coverage. For a coverage-limited UE with DMRS bundling enabled, the transmit power is very limited, and no extra power can be shared to the transmission(s) on other carrier(s). Thus, configuring UL-CA to a coverage-limited UE is not a practical use case. It is meaningless to support DMRS bundling in UL CA. Considering that there was no consensus on DMRS bundling in inter-band UL CA in previous RAN1 discussion, it is not expected to introduce RAN1 specification impacts due to any non-essential issue in the current maintenance phase, which is consistent with the conclusion of RAN#97-e.
For DL CA with “additional” UL carrier configured with SRS only and SUL, concurrent transmissions on multiple carriers or power sharing does not occur. For Rel-15 SUL, there is no UE Tx sharing between SUL and NUL. Therefore, neither phase nor power consistency on SUL/NUL is impacted by any transmission on the other UL carrier. No additional spec impact is needed for Rel-15 SUL. However, for Rel-16 UL Tx switching with SUL, there is UE Tx sharing between SUL and NUL, the phase continuity on one carrier may be violated by a Tx switching to the other carrier. Please note that such potential break of phase continuity cannot be caused by a Tx switching for PUSCH/PUCCH transmission on the other carrier because the PUSCH/PUCCH operations on NUL and SUL band are within the same serving cell where out-of-order PUSCH/PUCCH scheduling is not allowed since Rel-15, i.e. a PUSCH/PUCCH transmission with/without repetition on one carrier cannot be scheduled to be overlapped in time with the other PUSCH/PUCCH with repetition on the other carrier within the same serving cell. As a result, the only potential break of phase contiguity could be caused by SRS transmission on the other carrier. Our preference is no additional spec impact at this stage, but if DMRS bundling is supported for UL Tx switching with SUL, to minimize RAN1 specification impacts, it is better to address the issue by introducing scheduling restrictions only for SRS transmission rather than introducing any new events. For SRS carrier switching, it is similar to Rel-16 UL Tx switching with SUL that only SRS transmission could break the phase contiguity of DMRS bundling. Therefore, If DMRS bundling is supported for SRS carrier switching, to minimize RAN1 specification impacts, it is also better to address the issue by introducing scheduling restrictions only for SRS transmission rather than introducing new events.
Regarding whether both SUL and NUL can be configured with DMRS bundling, because of the restriction of out-of-order PUSCH/PUCCH scheduling within one serving cell mentioned above, even both SUL and NUL are configured with DMRS bundling for PUSCH/PUCCH, it does not cause additional issue and requires no additional spec impact. Therefore, it is unnecessary to introduce configuration restrictions that prevent DMRS bundling configured on both SUL and NUL. 

For a given tolerance, the CFOs of different operating frequency are different, which may cause the “compensation leftover for frequency error” be different. And UE’s implementation and RF characteristics on different band to maintain the phase continuity could be different. So it is reasonable to define that the UE features of DMRS bundling is set to per band. In addition, as previously described, for the scenarios mentioned in the reply LS from RAN4 except inter-band UL CA, operations of different bands are independent or concurrency has been avoided by scheduling restrictions especially for back-to-back DMRS bundling featured by 30-4a/4b/4c/4d where interlaced scheduled PUSCH across uplink carriers is impossible. Thus, per-band per band combination is not necessary.
In addition, for FG 30-4a/4b/4c/4d/4e/4f/4g/4h, FR1/FR2 differentiation and TDD/FDD differentiation are not necessary. And the need for FR1/FR2 differentiation and TDD/FDD differentiation should be N/A.

For FG 30-4g, UEs can restart a new actual TDW after a semi-static event anyway. Therefore, for UEs not capable of restarting DM-RS bundling,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the triggered semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the triggered semi-static event.

Proposal 1: Updating 30-4a/4b/4c/4d/4e/4f/4g/4h as follows in red:
	30. NR_cov_enh
	30-4a
	DM-RS bundling for PUSCH repetition type A
	Support DM-RS bundling for PUSCH repetition type A over consecutive symbols
	30-4 and one of {5-14, 5-16, 5-17}
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4b
	DM-RS bundling for PUSCH repetition type B
	Support DM-RS bundling for PUSCH repetition type B over consecutive symbols

	30-4, 11-5
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type B
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4c
	DM-RS bundling for TB processing over multi-slot PUSCH
	Support DM-RS bundling for TB processing over multi-slot PUSCH over consecutive symbols
 
	30-4, 30-3
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	Note: If a UE reports support of FG 30-3a and 30-4c, the UE supports DMRS bundling for the repetitions of TBoMS
	Optional with capability signalling

	30. NR_cov_enh
	30-4d
	DMRS bundling for PUCCH repetitions
	Support DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4 over consecutive symbols

	30-4, 4-23
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4e
	Enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	Support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH

	30-4a or 30-4b or 30-4c
	Yes
	N/A
	UE does not support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4f
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling

	30-4d
	Yes
	N/A
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4g
	[Restart DM-RS bundling after the events triggered by DCI other than frequency hopping or by MAC-CE that violate power consistency and phase continuity]
	[Support restarting DM-RS bundling after the events triggered by DCI other than frequency hopping or by MAC-CE that violate power consistency and phase continuity]
	30-4
	Yes
	N/A
	[UE does not support restarting DM-RS bundling after the events triggered by DCI other than frequency hopping or by MAC-CE that violate power consistency and phase continuity]
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4h
	DM-RS bundling for non-back-to-back transmission
	Support DM-RS bundling for non-back-to-back transmission for consecutive slots for PUSCH and PUCCH only for corresponding supported back-to-back transmission FGs (30-4a, 30-4b, 30-4c, or 30-4d)
	30-4a, 30-4b, 30-4c, or 30-4d
	Yes
	N/A
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling



Discussion on Rel-17 UE features for NR MBS
[bookmark: _Ref94432772]FG33-1/1-2 for MBS Broadcast
MBS broadcast includes MCCH and MTCH, both of which will be scheduled by G-RNTI. The 6th component needs to clarify that group-common PDSCH including MCCH and MTCH will be TDM-ed or either one will be TDM-ed with unicast in different slots. 
It was proposed to have two additional components to be included in FG33-1 regarding rate matching
· Support of semi-static rate-matching resource set configuration.
· Support of rate-matching around LTE CRS.
It was concerned to directly include such two bullets but instead was suggested to add “A UE supporting FG 33-1 must indicate support of FGs 5-26 and 5-28 for broadcast” in the column of note to clarify the rate matching capabilities are the ones mandatory support in Rel-15. This suggestion can be taken for approval in this meeting. 
It was agreed in RAN#97e that FG33-1-2 is reported per FSPC with NA for “Need of FDD/TDD differentiation” and for “Need of FR1/FR2 differentiation” [2].
Overall, the FG33-1 and FG33-1-2 for broadcast can be updated as in the following proposal. 
Proposal 2: Updating FG33-1 and FG33-1-2 as follows in red: 
	33. NR_MBS
	33-1
	Broadcast
	1. Support of group-common PDCCH/PDSCH with CRC scrambled by MCCH-RNTI.
2. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI.
3. Support of CFR configuration for broadcast.
4. Support of CORESET and common search space for broadcast. 
5. Support of DCI format 1_0 with CRC scrambled with G-RNTI/MCCH-RNTI for broadcast.
6. Support of inter-slot TDM between unicast PDSCH and MCCH group-common PDSCH or MTCH group-common PDSCH, or between MCCH group-common PDSCH and MTCH group-common PDSCH, or among unicast PDSCH and MCCH group-common PDSCH and MTCH group-common PDSCH in different slots.
7. Support MCCH change notification indication via DCI.
8. support of higher layer configured slot-level repetition up to 8 for MTCH. 

	
	Up to RAN2
	                             
	
	Up to RAN2
	Up to RAN2
	Up to RAN2
	
	It is up to RAN2 whether/how to introduce the capability for support of N > 1 G-RNTIs for broadcast for a UE.

Note: A UE supporting FG 33-1 must indicate support of FGs 5-26 and 5-28 for broadcast.
	Up to RAN2

	33. NR_MBS
	33-1-2
	FDM-ed unicast PDSCH and group-common PDSCH for broadcast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for broadcast in RRC CONNECTED mode in a slot.
	33-1
	Yes
	
	
	FSPC
	NA
	NA
	
	
	Optional with capability signalling



FG33-2/2d/2e/2h/2i for MBS multicast
When considering UE capability for supporting both multicast and broadcast, it would be preferred to describe it in FG for multicast instead of defining additional FG for supporting both. For example, for the 5th component of inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots where the group-common PDSCH is intended for multicast, it could be updated to consider broadcast group-common PDSCH as well if UE supports FG33-1. 
For FG33-2h, as discussed in [3] that it is expected that FG33-5-1 is supposed to be SPS group-common PDSCH for multicast for PCell that is reported per FS as agreed. With FG33-2 as the prerequisite FG, FG33-2h currently defined as MBS dynamic scheduling for SCell can be modified to include the cases of both dynamic and SPS scheduling for MBS, since, from UE perspective, if a CC is reported to support MBS for SCell then it is supposed to support both dynamic and SPS scheduling. A note can be added to clarify the cases supported with a given prerequisite FG. 
Regarding the UE capabilities for the modulation order, the relevant rows from TS 38.306 [5] are as follows:
	pdsch-256QAM-FR1
Indicates whether the UE supports 256QAM modulation scheme for PDSCH for FR1 as defined in 7.3.1.2 of TS 38.211 [6].
It is mandatory with capability signalling for non-RedCap UEs and optional for RedCap UEs.
	UE
	CY
	No
	FR1 only

	pdsch-1024QAM-FR1-r17
Indicates whether the UE supports 1024QAM modulation scheme for PDSCH for FR1 as defined in TS 38.211 [6], MCS and CQI feedback tables based on 1024QAM modulation order as defined in TS 38.214 [12].

UE indicating support of this feature shall also indicate support of pdsch-256QAM-FR1.
	Band
	No
	N/A
	FR1 only

	pdsch-256QAM-FR2
Indicates whether the UE supports 256QAM modulation scheme for PDSCH for FR2 as defined in 7.3.1.2 of TS 38.211 [6].
	Band
	No
	N/A
	FR2 only

	supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled per band i.e. [pdsch-1024QAM-FR1] when [pdsch-1024QAM-FR1] is signalled for the band, otherwise the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].
	FSPC
	No
	N/A
	N/A



It is noted that the supportedModulationOrderDL report is just applied for the max data rate calculation as defined in 4.1.2 in [5], which can take any one from {bpsk-halfpi, bpsk, qpsk, qam16, qam64, qam256, qam1024}. If the intention is to separate the max data rate calculation from that for unicast, it should be reported per FSPC as legacy for unicast. However, one additional FG reported per band was added in the last meeting with FFS maximum modulation order for broadcast PDSCH. It should be noted that the broadcast is supposed to be received by UE in IDLE UE as well, so for broadcast scheduling itself network will not take the optional capability UE reported. Therefore, FG33-2i is not to be considered by network whatsoever. 

Proposal 3: Updating FG33-2/2h/2i as follows in red: 
	33. NR_MBS
	33-2
	Dynamic scheduling for multicast for PCell
	1. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI for PCell.
2. Support of CFR configuration for multicast.
3. Support of CORESET and common search space configuration for multicast.
4. Support of DCI format 4_1 with CRC scrambled with G-RNTI for multicast.
5. Support of inter-slot TDM between unicast PDSCH and group-common PDSCH for multicast, or between group-common PDSCH for multicast and group-common PDSCH for broadcast (if UE supports FG33-1), or among unicast PDSCH and group-common PDSCH for multicast and group-common PDSCH for broadcast (if UE supports FG33-1) in different slots. 
6. Support {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast

	
	Yes
	
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-2h
	Dynamic or SPS scheduling for multicast for SCell
	Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI or G-CS-RNTI for SCell.
	33-2 or 33-5-1
	Yes
	
	
	Per FSPC
	N/A
	N/A
	
	Note: with 33-2 or 33-5-1 as prerequisite FG, this FG33-2h includes the cases of supporting multicast dynamic scheduling for SCell, and/or supporting multicast SPS scheduling for SCell.
	Optional with capability signalling

	[bookmark: _Hlk109730812]33. NR_MBS
	33-2i
	Supported maximal modulation order for multicast PDSCH
	1. For FR1, up to 1024QAM is supported, candidate values {256QAM, 1024QAM}
2. For FR2, up to 256QAM is supported, candidate values {64QAM, 256QAM}
FFS maximum modulation order for broadcast PDSCH
	33-2
	Yes
	
	The UE supports the same modulation order as unicast
	Per band
	N/A
	N/A
	
	Note: A UE shall support the corresponding mandatory maximum modulation for unicast.
	Optional with capability signalling

	33. NR_MBS
	33-2j
	Supported maximum modulation order used for maximum data rate calculation for multicast PDSCH
	1. For FR1, up to 1024QAM is supported as maximum modulation order used for maximum data rate calculation for multicast PDSCH, candidate values {256QAM, 1024QAM}
2. For FR2, up to 256QAM is supported as maximum modulation order used for maximum data rate calculation for multicast PDSCH, candidate values {64QAM, 256QAM}

	33-2
	Yes
	
	
	Per FSPC
	N/A
	N/A
	
	
	Optional with capability signalling



[bookmark: _Ref94432739][bookmark: _Ref100668125]FG33-3-2/3 for FDMed/TDMed scheduling
FG33-3-2 should be reported per FSPC per RAN#97e conclusion [2]. 
For FG33-3-3, the reporting granularity and the CRs to include FG33-3-3 for TS38.306 and TS38.331 were also discussed in RAN#97e. According to the discussion, it is reaching consensus that it is reported per FSPC [2]. However, the CRs for including FG33-3-3 were not approved because more discussions are needed to finalize the details for the components. For example, two cases (i.e., TDM-ed unicast and multicast and TDM-ed unicast and broadcast) are included depending on whether FG33-1 and/or FG33-2 is/are prerequisite FG(s) for FG33-3-3. Since broadcast is also received by IDLE UEs, more than one PDSCHs for broadcast will not be transmitted by gNB anyway. Therefore, when UE supports both FG33-1 and FG33-2 as prerequisite FGs, N of component 3 or L of component 4 includes at most one group-common PDSCH for MBS broadcast. In addition, it should also be noted that UE supports all the components but does not report candidate values for M, N, K, or L of the corresponding components assuming the sum of M, N, K, and L does not exceed the value UE supports in FG5-11/5-11a/5-11b.

Proposal 4: Updating FG33-3-2/3 as follows in red: 
	 33. NR_MBS
	33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH for multicast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for multicast in RRC CONNECTED mode in a slot.

	33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	
	Optional with capability signalling

	33. NR_MBS
	33-3-3
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH
	1. Support TDM between one unicast PDSCH and one group-common PDSCH in a slot. 
2. Support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH 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
[bookmark: OLE_LINK1]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).

	33-1 and/or 33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	Note: 
1. component 3 and component 4 apply only when FG33-2 as prerequisite FG or when UE supports both FG33-2 and FG33-1 as prerequisite FGs. For the latter case, N of component 3 or L of component 4 includes at most one group-common PDSCH for MBS broadcast.

2. UE supports all the components but does not report candidate values for M, N, K, or L of the corresponding components assuming the sum of M, N, K, and L does not exceed the value UE supports in FG5-11/5-11a/5-11b. 




	Optional with capability signalling



FG33-3-3a/3b/4/5 for multiplexing HARQ-ACK for unicast
As discussed in section 3.5, FG33-4 with FG33-2a as prerequisite FG for ACK/NACK based feedback is designed as the basic FG for support of NACK-only feedback for multicast, which includes both the cases for one TB or for more than one TB. For the case of more than one TB, the feedback is converted into ACK/NACK bits, for which either a Type-1 CB or Type-2 CB is generated but for multicast feedback only as already supported in FG33-2a for ACK/NACK based feedback. 
When NACK-only collides with other UCI or PUSCH transmission, as agreed, the NACK-only is also converted into ACK/NACK bits. However, such UE behaviour is not expected to be a component of the basic FG33-4 for NACK-only based feedback. The reason is that, for ACK/NACK based feedback for multicast, support of multiplexing with HARQ-ACK for unicast is additional UE capability reporting on top of the basic FG33-2a for ACK/NACK based feedback for multicast. 
Furthermore, the currently defined FG33-3-3a/3b/4/5 for multiplexing HARQ-ACK for unicast initially intended for ACK/NACK based feedback for multicast can be expanded to include the case of NACK-only mode1 converted into ACK/NACK bits and also to include the case of multiplexing on PUSCH. The changes can be made to include  33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG and adding a note that this FG33-3-3a/3b/5 includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast.
The reporting granularity can be per UE or per BC (as the report for the support of multicast on PCell). 
In addition, FFS value of X G-RNTIs for FG33-3-3a and FG33-3-3b can be deleted because the number of G-RNTI for multicast in FG33-2e is not expected to be large based on the discussion in the last RAN1 meeting though the decision was left to RAN2. 
Since FG33-2a or FG33-4 or FG33-5-1a or FG33-5-1f are defined for multicast HARQ-ACK feedback and FG33-3-3a and FG33-3-3b are separate FG regarding multiplexing HARQ-ACK feedback for unicast and multicast, if UE supports one of HARQ-ACK feedback for multicast but does not support multiplexing HARQ-ACK feedback for unicast, it imposes too much restriction for network scheduling to avoid multiplexing. Given it is mandatory for unicast to support Type1 or Type2 codebook on PUCCH/PUSCH, it is good balance between UE and network to require that when UE supports 33-2a or 33-4 or 33-5-1a or 33-5-1f, at least one of FG33-3-3a or FG33-3-3b should be supported. Such note is added into FG33-3-3a and FG33-3-3b. 

Proposal 5: Updating FG33-3-3a/3b/4/5 as follows in red:
	33. NR_MBS
	33-3-3a
	FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH
	Support of FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH. 
FFS value of X G-RNTIs

	33-2a or 33-4 or 33-5-1a or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note1: FDM-ed Type-1 HARQ-ACK codebook is generated by concatenating the Type-1 sub-codebook for unicast and the Type-1 sub-codebook for multicast.
Note2: The Type-2 HARQ-ACK codebook is generated by concatenating the Type-2 sub-codebook for unicast and the Type-2 sub-codebook for multicast.

Note2: with 33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG, this FG33-3-3a includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast. 

Note3: when UE supports 33-2a or 33-4 or 33-5-1a or 33-5-1f, at least one of FG33-3-3a or FG33-3-3b should be supported. 
	Optional with capability signalling

	33. NR_MBS
	33-3-3b
	Mode 2 TDM-ed Type-1 and Type-2 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH
	Support of Mode 2 TDM-ed Type-1 and Type-2 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH
FFS value of X G-RNTIs

	33-2a or 33-4 or 33-5-1a or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note1: Mode 2 TDM-ed Type-1 HARQ-ACK codebook is generated based on the union TDRA tables from unicast and multicast and the union of k1 sets from unicast and multicast.
Note2: The Type-2 HARQ-ACK codebook is generated by concatenating the Type-2 sub-codebook for unicast and the Type-2 sub-codebook for multicast.

Note3: with 33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG, this FG33-3-3b includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast.

Note4: when UE supports 33-2a or 33-4 or 33-5-1a or 33-5-1f, at least one of FG33-3-3a or FG33-3-3b should be supported.
	Optional with capability signalling

	33. NR_MBS
	33-3-4
	Mode 1 for type1 codebook generation 
	Supports type1-Codebook-Generation-Mode configured as mode 1 
	33-3-3b
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note1: Mode 1 TDM-ed Type-1 HARQ-ACK codebook is generated based on the union TDRA tables from unicast and multicast and the intersection of k1 sets from unicast and multicast.

This FG is for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH

	Optional with capability signalling

	33. NR_MBS
	33-3-5
	Feedback multiplexing for unicast PDSCH and group-common PDSCH for multicast with same priority and different codebook type on PUCCH or PUSCH
	Support of multiplexing HARQ-ACK for unicast and for multicast with the same priority and different HARQ-ACK codebook types in the same PUCCH slot or PUSCH
	[33-2b]
33-2a or 33-4 or 33-5-1a or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note: with 33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG, this FG33-3-3b includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast.
	Optional with capability signalling



[bookmark: _Ref109058148]FG33-4/4a/4-1 for NACK-only based feedback
For NACK-only based feedback, the following two alternatives were agreed with Alt1 and Alt4 corresponding NACK-only mode1 and mode2, respectively: 
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
Two features groups, i.e., FG33-4 and FG33-4a were agreed in the last meeting for NACK-only based feedback. FG33-4a is for support of NACK-only up to 4 TBs by selecting one of predefined PUCCH resources based on the decoding results of the scheduled TB(s), for which the predefined PUCCH resources are expected to be separately configured for multicast and it should include the case of single TB with NACK-only and include the extended Tproc1 as discussed in [4]. FG33-4 is expected to be the basic feature group for the support of NACK-only based feedback including NACK-only for a single TB case and for the case of more than one TB by transforming into ACK/NACK bits to generate Type-1 or Type-2 HARQ-ACK CB for multicast feedback only, for which PUCCH resources are also expected to be shared with the PUCCH resources configured for unicast given support of separate PUCCH resource configurations from unicast taking extra UE buffer is expected to be a separate FG as defined in FG33-8-1 for ACK/NACK based feedback. In addition, there should be a separate FG for supporting shared PUCCH resource configurations from unicast for NACK-only mode2, i.e., FG33-4b should be added, for which one TB case with shared PUCCH resources with unicast can be not included as one component because it has been included in FG33-4. 
Furthermore, support of separately configured PUCCH resources for NACK-only mode1 (i.e., transforming into ACK/NACK based) can be merged into FG33-8-1 with either FG33-2a or FG33-4 as prerequisite FGs for ACK/NACK based and for NACK-only mode1 feedback, respectively, and the revision is proposed in section 3.8. In addition, considering the NACK-only feedback for multicast SPS scheduling discussed in section 3.6, FG33-4a can be expanded to include the cases of dynamic or SPS scheduling by setting FG33-4 or FG33-5-1f as prerequisites FG, respectively, and a corresponding note can be added for clarification. 
In addition, DCI-based enabling/disabling NACK-only feedback also needs to configured firstly by RRC signalling. Similar to FG33-2b with FG33-2a as prerequisite FG for ACK/NACK based feedback for dynamic scheduling, FG33-5-1b with FG33-5-1a as prerequisite FG for ACK/NACK based feedback for SPS scheduling, and FG33-5-1g with FG33-5-1f as prerequisite FG for NACK-only based feedback for SPS scheduling, FG33-4 is prerequisite FG for FG33-4-1. 
With the above analysed, the FG33-4/4a and FG33-4-1 can be updated as follows:
Proposal 6: Updating FG33-4/4a and FG33-4-1 as follows in red:
	33. NR_MBS
	33-4
	Support of NACK-only based HARQ-ACK feedback for multicast with ACK/NACK transforming with shared PUCCH resources configuration with unicast and RRC-based enabling/disabling NACK-only based feedback for dynamic scheduling
	1. Support NACK-only based HARQ-ACK feedback for dynamic scheduling for multicast, including:
a) A single TB with NACK-only feedback transmitted in PUCCH
b) One or multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits
2.  Support of shared PUCCH resource configuration with unicast

	33-2a
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	[bookmark: _Hlk112942109]33. NR_MBS
	33-4a
	Support of NACK-only based HARQ-ACK feedback for multicast corresponding to a specific sequence or a PUCCH transmission for dynamic or SPS scheduling
	1. Support NACK-only based HARQ-ACK feedback for dynamic or SPS scheduling for multicast, including:
 a) Multiple TB with NACK-only feedback transmitted in PUCCH by select one PUCCH resource.
b) Single TB with NACK-only feedback transmitted in PUCCH
c) Extended Tproc1 
2. Support of separate PUCCH resource configurations from unicast or SPS-PUCCH-AN-List configuration from unicast SPS
	33-4 or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note: with 33-4 or 33-5-1f as prerequisite FG, this FG33-4a includes the cases of support of NACK-only for multicast dynamic scheduling, and/or for multicast SPS scheduling
	Optional with capability signalling

	33. NR_MBS
	33-4b
	Support of NACK-only based HARQ-ACK feedback for multicast corresponding to a specific sequence or a PUCCH transmission for dynamic or SPS scheduling
	1. Support NACK-only based HARQ-ACK feedback for dynamic or SPS scheduling for multicast, including:
 a) Multiple TB with NACK-only feedback transmitted in PUCCH by select one PUCCH resource.
b) Extended Tproc1 
2. Support of shared PUCCH resource configurations from unicast or SPS-PUCCH-AN-List configuration from unicast SPS
	33-4 or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note: with 33-4 or 33-5-1f as prerequisite FG, this FG33-4a includes the cases of support of NACK-only for multicast dynamic scheduling, and/or for multicast SPS scheduling
	Optional with capability signalling

	33. NR_MBS
	33-4-1
	DCI-based enabling/disabling NACK-only based feedback for dynamic scheduling for multicast
	Support of DCI-based enabling/disabling NACK-only based HARQ-ACK feedback configured per G-RNTI by RRC signaling via DCI format 4_2
	33-4 and 33-2f
	Yes
	
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling



[bookmark: _Ref100756836][bookmark: _Ref129681832]FG33-5-1/1a/1d/1e/1f/1g/1i/2/33-9 for multicast SPS
As discussed in [3] that it is expected that FG33-5-1 is supposed to be SPS group-common PDSCH for multicast for PCell that is reported per FS as agreed. With FG33-2 as the prerequisite FG, FG33-2h currently defined as MBS dynamic scheduling for SCell can be modified to include the cases of both dynamic and SPS scheduling for MBS, since, from UE perspective, if a CC is reported to support MBS for SCell then it is supposed to support both dynamic and SPS scheduling.
FG33-5-1a is ACK/NACK based feedback for multicast SPS, which should include the component for support of shared or separate SPS-PUCCH-AN-List configuration from unicast SPS.
FG33-5-1d support of PTP retransmission for multicast SPS should include base on retransmission on the cell same as multicast initial transmission, so the [] can be deleted. 
FG33-5-1f is expected to be the basic FG for NACK-only feedback for multicast SPS, as FG33-4 defined as the basic FG for NACK-only feedback for multicast dynamic scheduling and FG33-4a defined as additional UE capability for NACK-only mode2. Furthermore, FG33-4a can be expanded to include the cases of dynamic or SPS scheduling by setting FG33-4 or FG33-5-1f as prerequisites FG, respectively, as proposed in section 3.5. In addition, the components needed to be added include a single TB with NACK-only feedback transmitted in PUCCH, multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits to generate Type-1 or Type-2 HARQ-ACK CB for multicast feedback only, support of shared and separate SPS-PUCCH-AN-List configuration from unicast SPS, and support of PTM retransmission associated with G-CS-RNTI for SPS multicast. 
FG33-5-1i FFS whether to include retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI, it is understood that retransmission by DCI format 4_2 scheduling can be supported or the initial transmission by DCI format 4_2 scheduling is supported. 

Proposal 7: Updating 33-5-1/1a/1d/1e/1f/1g/1i/2/33-9 as follows in red:

	33. NR_MBS
	33-5-1
	SPS group-common PDSCH for multicast for PCell
	1. Support one SPS group-common PDSCH configuration for multicast
2. Support {2, 4, 8} times semi-static slot-level repetition for SPS group-common PDSCH

	33-2
	Yes
	
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1a
	Support of ACK/NACK based HARQ-ACK feedback and RRC-based enabling/disabling ACK/NACK-based feedback for SPS group-common PDSCH for multicast
	1) Support of ACK/NACK based HARQ-ACK feedback, and support of enabling/disabling ACK/NACK based HARQ-ACK feedback configured by RRC signalling for SPS group-common PDSCH without PDCCH scheduling, SPS group-common PDSCH activation, and SPS release PDCCH
2) Support of shared and separate SPS-PUCCH-AN-List configuration from unicast SPS.
	33-5-1
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1b
	DCI-based enabling/disabling ACK/NACK-based feedback for SPS group-common PDSCH for multicast
	Support of DCI-based enabling/disabling ACK/NACK based HARQ-ACK feedback configured per G-CS-RNTI for multicast by RRC signaling via DCI format 4_2
	33-5-1a and 33-2f
	Yes
	
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1d
	PTP retransmission for SPS group-common PDSCH for multicast
	Support of PTP retransmission for SPS multicast [on the cell same as multicast initial transmission]

	33-5-1a
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1e
	Dynamic Slot-level repetition for SPS group-common PDSCH for multicast
	Support up to X times dynamic slot-level repetition for SPS group-common PDSCH for multicast.
	33-5-1
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Candidate values for X is: {8, 16}
	Optional with capability signalling

	33. NR_MBS
	33-5-1f
	NACK-only based HARQ-ACK feedback for multicast with ACK/NACK transforming and RRC-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	1) Support NACK-only based HARQ-ACK feedback, including:
a) A single TB with NACK-only feedback transmitted in PUCCH
b) multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits to generate Type-1 or Type-2 HARQ-ACK CB for multicast feedback only
2) Support of shared or separate SPS-PUCCH-AN-List configuration from unicast SPS. 
3) support of enabling/disabling NACK-only based HARQ-ACK feedback configured by RRC signalling for SPS group-common PDSCH without PDCCH scheduling 
4) Support of PTM retransmission associated with G-CS-RNTI for SPS multicast
	33-5-1a
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1g
	DCI-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	Support of DCI-based enabling/disabling NACK-only based HARQ-ACK feedback configured per G-CS-RNTI for multicast by RRC signaling via DCI format 4_2
	33-5-1f and 33-2f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1h
	Multiple G-CS-RNTIs for SPS group-common PDSCHs
	Max number of G-CS-RNTIs for SPS multicast 
	33-5-1
	Yes
	
	
	Per UE
	[Yes]
	Yes
	
	Reporting type of FGs 33-5-1h is per UE with [FDD/TDD,] FR1/FR2, licensed/unlicensed, and TN/NTN differentiation, detail signalling is up to RAN2
	Optional with capability signalling

	33. NR_MBS
	33-5-1i
	Multicast SPS scheduling with DCI format 4_2
	1. Support of DCI format 4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling
2. retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI
FFS whether to include 
	[33-5-1]
	Yes
	
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	 33. NR_MBS
	33-5-2
	Multiple SPS group-common PDSCH configuration
	1. Support up to 8 SPS group-common PDSCH configuration per CFR for multicast
2. Support M>=1 activated SPS group-common PDSCH configurations per CFR for multicast
3. The total number of SPS configurations for both multicast and unicast is no larger than 8 [per cell], and activated SPS group-common PDSCH configurations is no larger than M.
	33-2
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Candidate value set for M is {1, 2, …, 8}
	Optional with capability signalling

	33. NR_MBS
	33-9
	Supporting unicast PDCCH to release SPS group-common PDSCH
	Supports unicast PDCCH scrambled with CS-RNTI to release SPS group-common PDSCH
	[33-5-1]
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling



FG33-6-1/1a/2/3 for different priorities
For dynamic scheduling, the priority indication can be included in DCI format 4_2 for multicast. The priority index cannot be directly configured by RRC signalling, although it means low priority when the priority indication is not included in the DCI format. Given FG33-6-1a is for configuring priority for multicast SPS configuration, it is better to make it clear that FG33-6-1 is for indicating priority for multicast dynamic scheduling. In addition, since FG33-2f is for indicating the capability of dynamic multicast with DCI format 4_2, the prerequisite FG should be FG33-2f instead of FG33-2. 
Proposal 8: Updating FG33-6-1/1a/2/3 as follows in red:

	33. NR_MBS
	33-6-1
	DL priority indication for multicast in DCI for multicast dynamic scheduling
	1. Support of priority indicator field configured in DCI formats 4_2 with CRC scrambled with G-RNTI for multicast dynamic scheduling.
2. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for multicast and multicast at a UE

	33-2f
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-6-1a
	DL priority configuration for SPS multicast
	Support of priority configured for multicast HARQ-ACK feedback of SPS multicast
	33-6-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-6-2
	Two HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities for unicast and multicast at a UE
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for unicast and multicast at a UE.
	33-6-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-6-3
	More than one PUCCH for HARQ-ACK transmission for multicast or for unicast and multicast within a slot
	1. Supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast or for unicast and multicast with different priorities in a slot.
	33-6-1, 33-6-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



[bookmark: _Ref109058106]FG33-8-1 for separate PUCCH configuration 
As discussed in section 3.5, FG33-4 is defined for NACK-only mode1 with shared PUCCH resources configured for unicast. Support of separately configured PUCCH resources from unicast for NACK-only mode1 is expected to be separate UE FG. 
Given FG33-8-1 is already defined that was initially intended for at least ACK/NACK based feedback for multicast, such FG can be expanded to include the case for NACK-only mode1. Overall, the change can be made to the prerequisite FG to include FG33-2a or FG33-4 for ACK/NACK based and for NACK-only mode1 feedback, respectively. 

Proposal 9: Updating FG33-8-1 as follows in red:
	33. NR_MBS
	33-8-1
	PUCCH resource configuration for multicast feedback for dynamically scheduled multicast
	Support of a PUCCH-Config for multicast HARQ-ACK feedback, separate from that of unicast configurations
	33-2a or 33-4
	Yes
	
	
	Per BC
	No
	No
	
	[bookmark: OLE_LINK151]Note: With 33-2a or 33-4 as prerequisite FG, this FG33-8-1 includes the case of ACK/NACK for multicast or NACK-only mode1 for multicast. 
	Optional with capability signalling



Discussions on Rel-17 UE features for enhanced IIoT/URLLC
[bookmark: _Toc83034622][bookmark: _Toc79484731]FG 25-3a/25-3b for repetitions over multiple PUCCH subslots

	25. NR_IIOT_URLLC_enh
	25-3a
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots using dynamic repetition indication 
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots based on dynamic repetition indication. 
Note: Dynamic PUCCH repetition factor indication is only supported for HARQ-ACK
	[25-3
30-5]

	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-3b
	Inter-subslot frequency hopping for PUCCH repetitions
	1. Support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS slot-based PUCCH configurations.
2. Support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations

	[TBD]
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Comments:
1) For FG 25-3a, there is no need to add 30-5 from coverage as the prerequisite. Sub-slot based repetition can apply same mechanism that designed for slot based repetition in terms of dynamic number indication, but as to the UE capability no strong dependency.
2) For FG 25-3b, the prerequisite can be “25-3 or 25-3a”. If only FG 25-3 is listed there, the question is whether hopping can be done in case of dynamic indication of the repetitions, in our understanding the hopping can be applicable either.
Proposal 10: Updating FG25-3a/25-3b as follows in red:
	25. NR_IIOT_URLLC_enh
	25-3a
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots using dynamic repetition indication 
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots based on dynamic repetition indication. 
Note: Dynamic PUCCH repetition factor indication is only supported for HARQ-ACK
	[25-3
30-5]

	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-3b
	Inter-subslot frequency hopping for PUCCH repetitions
	1. Support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS slot-based PUCCH configurations.
2. Support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations

	25-3 or 25-3a
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling



FG 25-6 for Enhanced type 3 HARQ-ACK codebook

	25. NR_IIOT_URLLC_enh
	25-6
	Enhanced type 3 HARQ-ACK codebook feedback
	1. Support feedback of enhanced type 3 HARQ-ACK codebook, triggered by a DCI 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support configuration of up to 8 enhanced type 3 HARQ-ACK codebooks. 
3. Support feedback of a dynamically selected enhanced type 3 HARQ-ACK codebook based on triggering information in DCI 1_1 and DCI 1_2 (for a UE supporting DCI format 1_2, 11-1)
4. Support transmission of enhanced type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
5. Supported maximum number of actual PUCCH transmissions for [type 3 or] enhanced type 3 HARQ-ACK codebook feedback within a slot
	10-16
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	For component 2, the UE indicates its capability in the number of enhanced type 3 HARQ-ACK codebooks: {1, 2, 4, 8}
For component 3, the dynamic indication is only supported if the UE for component 2 supports more than one enhanced type 3 HARQ-ACK codebook to be configured

Candidate values for component 5 is: {1, 2, 3, 4, 5, 6, 7}. 
	Optional with capability signaling



Comments:
1) For component 5, “type 3 or” should be kept. For a UE supporting FG 25-6, gNB can configure either type 3 HARQ-ACK codebook or enhanced type 3 HARQ-ACK codebook, thus the reported value for component 5 should be applied to both type 3 HARQ-ACK codebook and enhanced HARQ-ACK codebook type. Note that we don't think this will change the Rel-16 behaviour, since it is applied only when the UE reports the support of FG25-6. If UE doesn't support FG 25-6 but only FG 10-16, then still follow Rel-16 behaviour. 
Proposal 11: Updating FG25-6 as follows in red:
	25. NR_IIOT_URLLC_enh
	25-6
	Enhanced type 3 HARQ-ACK codebook feedback
	1. Support feedback of enhanced type 3 HARQ-ACK codebook, triggered by a DCI 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support configuration of up to 8 enhanced type 3 HARQ-ACK codebooks. 
3. Support feedback of a dynamically selected enhanced type 3 HARQ-ACK codebook based on triggering information in DCI 1_1 and DCI 1_2 (for a UE supporting DCI format 1_2, 11-1)
4. Support transmission of enhanced type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
5. Supported maximum number of actual PUCCH transmissions for [type 3 or] enhanced type 3 HARQ-ACK codebook feedback within a slot
	10-16
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	For component 2, the UE indicates its capability in the number of enhanced type 3 HARQ-ACK codebooks: {1, 2, 4, 8}
For component 3, the dynamic indication is only supported if the UE for component 2 supports more than one enhanced type 3 HARQ-ACK codebook to be configured

Candidate values for component 5 is: {1, 2, 3, 4, 5, 6, 7}. 
	Optional with capability signaling



FG 25-12 for enhancements for unlicensed band URLLC/IIoT
	25. NR_IIOT_URLLC_enh

	25-12
	UE initiating a semi-static channel occupancy with configurations dependent on gNB semi-static channel access configurations
	[Support initiating a semi-static channel access occupancy by the UE where the corresponding period is the same as, integer multiple of, or inter-factor of the period configured for a semi-static channel occupancy that can be initiated by gNB. ]
	10-1a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling





Comments:
1) FG 25-12: Add basic feature components agreed for a UE that can operate as an initiating device in the semi-static channel access mode as follows.
	25. NR_IIOT_URLLC_enh

	25-12
	UE initiating a semi-static channel occupancy with configurations dependent on gNB semi-static channel access configurations
	1. Support initiating a semi-static channel access occupancy by the UE where the corresponding period is the same as, integer multiple of, or inter-factor of the period configured for a semi-static channel occupancy that can be initiated by gNB. 
2. Sensing to initiate a semi-static CO or transmit after a gap greater than 16us from any transmission burst within a UE-initiated CO.
3. Determination of COT initiator assumption based on rules for configured UL
4. Validating COT initiator assumption indicated in UL scheduling DCI
	10-1a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling





Proposal 12: Updating FG25-12 as follows in red:
	25. NR_IIOT_URLLC_enh

	25-12
	UE initiating a semi-static channel occupancy with configurations dependent on gNB semi-static channel access configurations
	1. Support initiating a semi-static channel access occupancy by the UE where the corresponding period is the same as, integer multiple of, or inter-factor of the period configured for a semi-static channel occupancy that can be initiated by gNB. 
2. Sensing to initiate a semi-static CO or transmit after a gap greater than 16us from any transmission burst within a UE-initiated CO.
3. Determination of COT initiator assumption based on rules for configured UL
4. Validating COT initiator assumption indicated in UL scheduling DCI
	10-1a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling






[bookmark: _Toc79484734][bookmark: _Toc83034625]FG 25-16 for Intra-UE Multiplexing
	25. NR_IIOT_URLLC_enh
	25-16
	HARQ-ACK with different priorities multiplexing on a PUCCH/PUSCH
	1. Support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH. Support separate coding for the two HARQ-ACKs.
3. Support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
4. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
5. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
6. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH, a high-priority HARQ-ACK and/or CSI.
7. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH, a low-priority HARQ-ACK and/or CSI.

	[11-3, 12-1]

	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Comments:
1) Change 11-3 to “11-4 or 11-4a”, as 11-4/11-4a is the UE capability of supporting two HARQ-ACK codebook with different priorities.
2) Delete 12-1 from the prerequisite feature group for FG 25-16. 12-1 is to define prioritization of overlapping channel/signals with two priority levels in physical layer, while 25-17 here is to define multiplexing of overlapping channel/signals with two priority levels in physical layer. There is no need to couple these two capabilities. It also aligns with #capability 1 UE as agreed #107-e meeting. 
Proposal 13: Updating FG25-16 as follows in red:
	25. NR_IIOT_URLLC_enh
	25-16
	HARQ-ACK with different priorities multiplexing on a PUCCH/PUSCH
	1. Support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH. Support separate coding for the two HARQ-ACKs.
3. Support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
4. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
5. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
6. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH, a high-priority HARQ-ACK and/or CSI.
7. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH, a low-priority HARQ-ACK and/or CSI.

	11-4 or 11-4a [11-3, 12-1]

	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling



FG 25-18 for Parallel PUCCH and PUSCH transmission across CCs
	25. NR_IIOT_URLLC_enh
	25-18
	Parallel PUCCH and PUSCH transmission across CCs in inter-band CA
	Support simultaneous PUCCH and PUSCH transmissions of different priority on different cells for inter-band CA.
	FFS
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Comments:
1) For FG 25-18, the prerequisite can be FG 6-6 as FG 6-6 is the basic UE capability for supporting UL CA.
Proposal 14: Updating FG25-18 as follows in red:
	25. NR_IIOT_URLLC_enh
	25-18
	Parallel PUCCH and PUSCH transmission across CCs in inter-band CA
	Support simultaneous PUCCH and PUSCH transmissions of different priority on different cells for inter-band CA.
	6-6
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling




2. Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution provides our views on the remaining issues for UE features set 1 topics with the proposals summarized as follows:
For NR coverage enhancement, our views are summarized as follows:
Proposal 1: Updating 30-4a/4b/4c/4d/4e/4f/4g/4h as follows in red:
	30. NR_cov_enh
	30-4a
	DM-RS bundling for PUSCH repetition type A
	Support DM-RS bundling for PUSCH repetition type A over consecutive symbols
	30-4 and one of {5-14, 5-16, 5-17}
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4b
	DM-RS bundling for PUSCH repetition type B
	Support DM-RS bundling for PUSCH repetition type B over consecutive symbols

	30-4, 11-5
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type B
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	 30. NR_cov_enh
	30-4c
	DM-RS bundling for TB processing over multi-slot PUSCH
	Support DM-RS bundling for TB processing over multi-slot PUSCH over consecutive symbols
 
	30-4, 30-3
	Yes
	N/A
	UE does not Support DM-RS bundling for TB processing over multi-slot PUSCH
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	Note: If a UE reports support of FG 30-3a and 30-4c, the UE supports DMRS bundling for the repetitions of TBoMS
	Optional with capability signalling

	30. NR_cov_enh
	30-4d
	DMRS bundling for PUCCH repetitions
	Support DM-RS bundling for PUCCH repetitions for PUCCH formats 1/3/4 over consecutive symbols

	30-4, 4-23
	Yes
	N/A
	UE does not support DMRS bunding for PUCCH repetitions
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4e
	Enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	Support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH

	30-4a or 30-4b or 30-4c
	Yes
	N/A
	UE does not support enhanced inter-slot frequency hopping with inter-slot bundling for PUSCH
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4f
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling

	30-4d
	Yes
	N/A
	UE does not support Enhanced inter-slot frequency hopping for PUCCH repetitions with DMRS bundling
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4g
	[Restart DM-RS bundling after the events triggered by DCI other than frequency hopping or by MAC-CE that violate power consistency and phase continuity]
	[Support restarting DM-RS bundling after the events triggered by DCI other than frequency hopping or by MAC-CE that violate power consistency and phase continuity]
	30-4
	Yes
	N/A
	[UE does not support restarting DM-RS bundling after the events triggered by DCI other than frequency hopping or by MAC-CE that violate power consistency and phase continuity]
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling

	30. NR_cov_enh
	30-4h
	DM-RS bundling for non-back-to-back transmission
	Support DM-RS bundling for non-back-to-back transmission for consecutive slots for PUSCH and PUCCH only for corresponding supported back-to-back transmission FGs (30-4a, 30-4b, 30-4c, or 30-4d)
	30-4a, 30-4b, 30-4c, or 30-4d
	Yes
	N/A
	UE does not Support DM-RS bundling for non-back-to-back transmission
	[Per UE]Per band
	FFSNo
	[No]
	[N/A]
	
	Optional with capability signalling



For NR MBS, our views are summarized as follows:
Proposal 2: Updating FG33-1 and FG33-1-2 as follows in red: 
	33. NR_MBS
	33-1
	Broadcast
	1. Support of group-common PDCCH/PDSCH with CRC scrambled by MCCH-RNTI.
2. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI.
3. Support of CFR configuration for broadcast.
4. Support of CORESET and common search space for broadcast. 
5. Support of DCI format 1_0 with CRC scrambled with G-RNTI/MCCH-RNTI for broadcast.
6. Support of inter-slot TDM between unicast PDSCH and MCCH group-common PDSCH or MTCH group-common PDSCH, or between MCCH group-common PDSCH and MTCH group-common PDSCH, or among unicast PDSCH and MCCH group-common PDSCH and MTCH group-common PDSCH in different slots.
7. Support MCCH change notification indication via DCI.
8. support of higher layer configured slot-level repetition up to 8 for MTCH. 

	
	Up to RAN2
	                             
	
	Up to RAN2
	Up to RAN2
	Up to RAN2
	
	It is up to RAN2 whether/how to introduce the capability for support of N > 1 G-RNTIs for broadcast for a UE.

Note: A UE supporting FG 33-1 must indicate support of FGs 5-26 and 5-28 for broadcast.
	Up to RAN2

	33. NR_MBS
	33-1-2
	FDM-ed unicast PDSCH and group-common PDSCH for broadcast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for broadcast in RRC CONNECTED mode in a slot.
	33-1
	Yes
	
	
	FSPC
	NA
	NA
	
	
	Optional with capability signalling



Proposal 3: Updating FG33-2/2h/2i as follows in red: 
	33. NR_MBS
	33-2
	Dynamic scheduling for multicast for PCell
	1. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI for PCell.
2. Support of CFR configuration for multicast.
3. Support of CORESET and common search space configuration for multicast.
4. Support of DCI format 4_1 with CRC scrambled with G-RNTI for multicast.
5. Support of inter-slot TDM between unicast PDSCH and group-common PDSCH for multicast, or between group-common PDSCH for multicast and group-common PDSCH for broadcast (if UE supports FG33-1), or among unicast PDSCH and group-common PDSCH for multicast and group-common PDSCH for broadcast (if UE supports FG33-1) in different slots. 
6. Support {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast

	
	Yes
	
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-2h
	Dynamic or SPS scheduling for multicast for SCell
	Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI or G-CS-RNTI for SCell.
	33-2 or 33-5-1
	Yes
	
	
	Per FSPC
	N/A
	N/A
	
	Note: with 33-2 or 33-5-1 as prerequisite FG, this FG33-2h includes the cases of supporting multicast dynamic scheduling for SCell, and/or supporting multicast SPS scheduling for SCell.
	Optional with capability signalling

	33. NR_MBS
	33-2i
	Supported maximal modulation order for multicast PDSCH
	1. For FR1, up to 1024QAM is supported, candidate values {256QAM, 1024QAM}
2. For FR2, up to 256QAM is supported, candidate values {64QAM, 256QAM}
FFS maximum modulation order for broadcast PDSCH
	33-2
	Yes
	
	The UE supports the same modulation order as unicast
	Per band
	N/A
	N/A
	
	Note: A UE shall support the corresponding mandatory maximum modulation for unicast.
	Optional with capability signalling

	33. NR_MBS
	33-2j
	Supported maximum modulation order used for maximum data rate calculation for multicast PDSCH
	1. For FR1, up to 1024QAM is supported as maximum modulation order used for maximum data rate calculation for multicast PDSCH, candidate values {256QAM, 1024QAM}
2. For FR2, up to 256QAM is supported as maximum modulation order used for maximum data rate calculation for multicast PDSCH, candidate values {64QAM, 256QAM}

	33-2
	Yes
	
	
	Per FSPC
	N/A
	N/A
	
	
	Optional with capability signalling



Proposal 4: Updating FG33-3-2/3 as follows in red: 
	 33. NR_MBS
	33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH for multicast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for multicast in RRC CONNECTED mode in a slot.

	33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	
	Optional with capability signalling

	33. NR_MBS
	33-3-3
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH
	1. Support TDM between one unicast PDSCH and one group-common PDSCH in a slot. 
2. Support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH 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).

	33-1 and/or 33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	Note: 
1. component 3 and component 4 apply only when FG33-2 as prerequisite FG or when UE supports both FG33-2 and FG33-1 as prerequisite FGs. For the latter case, N of component 3 or L of component 4 includes at most one group-common PDSCH for MBS broadcast.

2. UE supports all the components but does not report candidate values for M, N, K, or L of the corresponding components assuming the sum of M, N, K, and L does not exceed the value UE supports in FG5-11/5-11a/5-11b. 




	Optional with capability signalling



Proposal 5: Updating FG33-3-3a/3b/4/5 as follows in red:
	33. NR_MBS
	33-3-3a
	FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH
	Support of FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH. 
FFS value of X G-RNTIs

	33-2a or 33-4 or 33-5-1a or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note1: FDM-ed Type-1 HARQ-ACK codebook is generated by concatenating the Type-1 sub-codebook for unicast and the Type-1 sub-codebook for multicast.
Note2: The Type-2 HARQ-ACK codebook is generated by concatenating the Type-2 sub-codebook for unicast and the Type-2 sub-codebook for multicast.

Note2: with 33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG, this FG33-3-3a includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast. 

Note3: when UE supports 33-2a or 33-4 or 33-5-1a or 33-5-1f, at least one of FG33-3-3a or FG33-3-3b should be supported. 
	Optional with capability signalling

	33. NR_MBS
	33-3-3b
	Mode 2 TDM-ed Type-1 and Type-2 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH
	Support of Mode 2 TDM-ed Type-1 and Type-2 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH
FFS value of X G-RNTIs

	33-2a or 33-4 or 33-5-1a or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note1: Mode 2 TDM-ed Type-1 HARQ-ACK codebook is generated based on the union TDRA tables from unicast and multicast and the union of k1 sets from unicast and multicast.
Note2: The Type-2 HARQ-ACK codebook is generated by concatenating the Type-2 sub-codebook for unicast and the Type-2 sub-codebook for multicast.

Note3: with 33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG, this FG33-3-3b includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast.

Note4: when UE supports 33-2a or 33-4 or 33-5-1a or 33-5-1f, at least one of FG33-3-3a or FG33-3-3b should be supported.
	Optional with capability signalling

	33. NR_MBS
	33-3-4
	Mode 1 for type1 codebook generation 
	Supports type1-Codebook-Generation-Mode configured as mode 1 
	33-3-3b
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note1: Mode 1 TDM-ed Type-1 HARQ-ACK codebook is generated based on the union TDRA tables from unicast and multicast and the intersection of k1 sets from unicast and multicast.

This FG is for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH

	Optional with capability signalling

	33. NR_MBS
	33-3-5
	Feedback multiplexing for unicast PDSCH and group-common PDSCH for multicast with same priority and different codebook type on PUCCH or PUSCH
	Support of multiplexing HARQ-ACK for unicast and for multicast with the same priority and different HARQ-ACK codebook types in the same PUCCH slot or PUSCH
	[33-2b]
33-2a or 33-4 or 33-5-1a or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note: with 33-2a or 33-4 or 33-5-1a or 33-5-1f as prerequisite FG, this FG33-3-3b includes the case of multiplexing with ACK/NACK for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast dynamic scheduling with HARQ-ACK for unicast, or multiplexing with ACK/NACK for multicast SPS scheduling with HARQ-ACK for unicast, or multiplexing with NACK-only for multicast SPS scheduling with HARQ-ACK for unicast.
	Optional with capability signalling



Proposal 6: Updating FG33-4/4a and FG33-4-1 as follows in red:
	33. NR_MBS
	33-4
	Support of NACK-only based HARQ-ACK feedback for multicast with ACK/NACK transforming with shared PUCCH resources configuration with unicast and RRC-based enabling/disabling NACK-only based feedback for dynamic scheduling
	1. Support NACK-only based HARQ-ACK feedback for dynamic scheduling for multicast, including:
a) A single TB with NACK-only feedback transmitted in PUCCH
b) One or multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits
2.  Support of shared PUCCH resource configuration with unicast

	33-2a
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-4a
	Support of NACK-only based HARQ-ACK feedback for multicast corresponding to a specific sequence or a PUCCH transmission for dynamic or SPS scheduling
	1. Support NACK-only based HARQ-ACK feedback for dynamic or SPS scheduling for multicast, including:
 a) Multiple TB with NACK-only feedback transmitted in PUCCH by select one PUCCH resource.
b) Single TB with NACK-only feedback transmitted in PUCCH
c) Extended Tproc1 
2. Support of separate PUCCH resource configurations from unicast or SPS-PUCCH-AN-List configuration from unicast SPS
	33-4 or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note: with 33-4 or 33-5-1f as prerequisite FG, this FG33-4a includes the cases of support of NACK-only for multicast dynamic scheduling, and/or for multicast SPS scheduling
	Optional with capability signalling

	33. NR_MBS
	33-4b
	Support of NACK-only based HARQ-ACK feedback for multicast corresponding to a specific sequence or a PUCCH transmission for dynamic or SPS scheduling
	1. Support NACK-only based HARQ-ACK feedback for dynamic or SPS scheduling for multicast, including:
 a) Multiple TB with NACK-only feedback transmitted in PUCCH by select one PUCCH resource.
b) Extended Tproc1 
2. Support of shared PUCCH resource configurations from unicast or SPS-PUCCH-AN-List configuration from unicast SPS
	33-4 or 33-5-1f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Note: with 33-4 or 33-5-1f as prerequisite FG, this FG33-4a includes the cases of support of NACK-only for multicast dynamic scheduling, and/or for multicast SPS scheduling
	Optional with capability signalling

	33. NR_MBS
	33-4-1
	DCI-based enabling/disabling NACK-only based feedback for dynamic scheduling for multicast
	Support of DCI-based enabling/disabling NACK-only based HARQ-ACK feedback configured per G-RNTI by RRC signaling via DCI format 4_2
	33-4 and 33-2f
	Yes
	
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling



Proposal 7: Updating 33-5-1/1a/1d/1e/1f/1g/1i/2/33-9 as follows in red:

	33. NR_MBS
	33-5-1
	SPS group-common PDSCH for multicast for PCell
	1. Support one SPS group-common PDSCH configuration for multicast
2. Support {2, 4, 8} times semi-static slot-level repetition for SPS group-common PDSCH

	33-2
	Yes
	
	
	Per FS
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1a
	Support of ACK/NACK based HARQ-ACK feedback and RRC-based enabling/disabling ACK/NACK-based feedback for SPS group-common PDSCH for multicast
	1) Support of ACK/NACK based HARQ-ACK feedback, and support of enabling/disabling ACK/NACK based HARQ-ACK feedback configured by RRC signalling for SPS group-common PDSCH without PDCCH scheduling, SPS group-common PDSCH activation, and SPS release PDCCH
2) Support of shared and separate SPS-PUCCH-AN-List configuration from unicast SPS.
	33-5-1
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1b
	DCI-based enabling/disabling ACK/NACK-based feedback for SPS group-common PDSCH for multicast
	Support of DCI-based enabling/disabling ACK/NACK based HARQ-ACK feedback configured per G-CS-RNTI for multicast by RRC signaling via DCI format 4_2
	33-5-1a and 33-2f
	Yes
	
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1d
	PTP retransmission for SPS group-common PDSCH for multicast
	Support of PTP retransmission for SPS multicast [on the cell same as multicast initial transmission]

	33-5-1a
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1e
	Dynamic Slot-level repetition for SPS group-common PDSCH for multicast
	Support up to X times dynamic slot-level repetition for SPS group-common PDSCH for multicast.
	33-5-1
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Candidate values for X is: {8, 16}
	Optional with capability signalling

	33. NR_MBS
	33-5-1f
	NACK-only based HARQ-ACK feedback for multicast with ACK/NACK transforming and RRC-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	1) Support NACK-only based HARQ-ACK feedback, including:
a) A single TB with NACK-only feedback transmitted in PUCCH
b) multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits to generate Type-1 or Type-2 HARQ-ACK CB for multicast feedback only
2) Support of shared or separate SPS-PUCCH-AN-List configuration from unicast SPS. 
3) support of enabling/disabling NACK-only based HARQ-ACK feedback configured by RRC signalling for SPS group-common PDSCH without PDCCH scheduling 
4) Support of PTM retransmission associated with G-CS-RNTI for SPS multicast
	33-5-1a
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1g
	DCI-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	Support of DCI-based enabling/disabling NACK-only based HARQ-ACK feedback configured per G-CS-RNTI for multicast by RRC signaling via DCI format 4_2
	33-5-1f and 33-2f
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1h
	Multiple G-CS-RNTIs for SPS group-common PDSCHs
	Max number of G-CS-RNTIs for SPS multicast 
	33-5-1
	Yes
	
	
	Per UE
	[Yes]
	Yes
	
	Reporting type of FGs 33-5-1h is per UE with [FDD/TDD,] FR1/FR2, licensed/unlicensed, and TN/NTN differentiation, detail signalling is up to RAN2
	Optional with capability signalling

	33. NR_MBS
	33-5-1i
	Multicast SPS scheduling with DCI format 4_2
	1. Support of DCI format 4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling
2. retransmission scheduled by DCI format 4_2 with CRC scrambled with G-CS-RNTI
FFS whether to include 
	[33-5-1]
	Yes
	
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	 33. NR_MBS
	33-5-2
	Multiple SPS group-common PDSCH configuration
	1. Support up to 8 SPS group-common PDSCH configuration per CFR for multicast
2. Support M>=1 activated SPS group-common PDSCH configurations per CFR for multicast
3. The total number of SPS configurations for both multicast and unicast is no larger than 8 [per cell], and activated SPS group-common PDSCH configurations is no larger than M.
	33-2
	Yes
	
	
	Per BC
	N/A
	N/A
	
	Candidate value set for M is {1, 2, …, 8}
	Optional with capability signalling

	33. NR_MBS
	33-9
	Supporting unicast PDCCH to release SPS group-common PDSCH
	Supports unicast PDCCH scrambled with CS-RNTI to release SPS group-common PDSCH
	[33-5-1]
	Yes
	
	
	Per BC
	N/A
	N/A
	
	
	Optional with capability signalling



Proposal 8: Updating FG33-6-1/1a/2/3 as follows in red:

	33. NR_MBS
	33-6-1
	DL priority indication for multicast in DCI for multicast dynamic scheduling
	1. Support of priority indicator field configured in DCI formats 4_2 with CRC scrambled with G-RNTI for multicast dynamic scheduling.
2. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for multicast and multicast at a UE

	33-2f
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-6-1a
	DL priority configuration for SPS multicast
	Support of priority configured for multicast HARQ-ACK feedback of SPS multicast
	33-6-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-6-2
	Two HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities for unicast and multicast at a UE
	1. Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for unicast and multicast at a UE.
	33-6-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-6-3
	More than one PUCCH for HARQ-ACK transmission for multicast or for unicast and multicast within a slot
	1. Supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast or for unicast and multicast with different priorities in a slot.
	33-6-1, 33-6-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling




Proposal 9: Updating FG33-8-1 as follows in red:
	33. NR_MBS
	33-8-1
	PUCCH resource configuration for multicast feedback for dynamically scheduled multicast
	Support of a PUCCH-Config for multicast HARQ-ACK feedback, separate from that of unicast configurations
	33-2a or 33-4
	Yes
	
	
	Per BC
	No
	No
	
	Note: With 33-2a or 33-4 as prerequisite FG, this FG33-8-1 includes the case of ACK/NACK for multicast or NACK-only mode1 for multicast. 
	Optional with capability signalling




For enhanced URLLC/IIoT, our views are summarized as follows:
Proposal 10: Updating FG25-3a/25-3b as follows in red:
	25. NR_IIOT_URLLC_enh
	25-3a
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots using dynamic repetition indication 
	Repetitions for PUCCH format 0, 1, 2, 3 and 4 over multiple PUCCH subslots based on dynamic repetition indication. 
Note: Dynamic PUCCH repetition factor indication is only supported for HARQ-ACK
	[25-3
30-5]

	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	25. NR_IIOT_URLLC_enh
	25-3b
	Inter-subslot frequency hopping for PUCCH repetitions
	1. Support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Formats 0, 1, 2, 3 and 4 for 7OS slot-based PUCCH configurations.
2. Support inter-subslot frequency hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations

	25-3 or 25-3a
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Proposal 11: Updating FG25-6 as follows in red:
	25. NR_IIOT_URLLC_enh
	25-6
	Enhanced type 3 HARQ-ACK codebook feedback
	1. Support feedback of enhanced type 3 HARQ-ACK codebook, triggered by a DCI 1_1 and DCI format 1_2 (for a UE supporting DCI format 1_2, 11-1)
2. Support configuration of up to 8 enhanced type 3 HARQ-ACK codebooks. 
3. Support feedback of a dynamically selected enhanced type 3 HARQ-ACK codebook based on triggering information in DCI 1_1 and DCI 1_2 (for a UE supporting DCI format 1_2, 11-1)
4. Support transmission of enhanced type 3 HARQ-ACK codebook using the first or second PUCCH configuration based on PHY priority indication in the triggering DCI (for a UE supporting two HARQ-ACK codebooks / PUCCH config in 11-4)
5. Supported maximum number of actual PUCCH transmissions for [type 3 or] enhanced type 3 HARQ-ACK codebook feedback within a slot
	10-16
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	For component 2, the UE indicates its capability in the number of enhanced type 3 HARQ-ACK codebooks: {1, 2, 4, 8}
For component 3, the dynamic indication is only supported if the UE for component 2 supports more than one enhanced type 3 HARQ-ACK codebook to be configured

Candidate values for component 5 is: {1, 2, 3, 4, 5, 6, 7}. 
	Optional with capability signaling



Proposal 12: Updating FG25-12 as follows in red:
	25. NR_IIOT_URLLC_enh

	25-12
	UE initiating a semi-static channel occupancy with configurations dependent on gNB semi-static channel access configurations
	1. Support initiating a semi-static channel access occupancy by the UE where the corresponding period is the same as, integer multiple of, or inter-factor of the period configured for a semi-static channel occupancy that can be initiated by gNB. 
2. Sensing to initiate a semi-static CO or transmit after a gap greater than 16us from any transmission burst within a UE-initiated CO.
3. Determination of COT initiator assumption based on rules for configured UL
4. Validating COT initiator assumption indicated in UL scheduling DCI
	10-1a
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	The signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling





Proposal 13: Updating FG25-16 as follows in red:
	25. NR_IIOT_URLLC_enh
	25-16
	HARQ-ACK with different priorities multiplexing on a PUCCH/PUSCH
	1. Support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH. Support separate coding for the two HARQ-ACKs.
3. Support multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
4. Support multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
5. Support multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only). Support separate beta_offset values for this priority combination.
6. Support multiplexing a low-priority HARQ-ACK, a high-priority PUSCH, a high-priority HARQ-ACK and/or CSI.
7. Support multiplexing a high-priority HARQ-ACK, a low-priority PUSCH, a low-priority HARQ-ACK and/or CSI.

	11-4 or 11-4a [11-3, 12-1]

	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Proposal 14: Updating FG25-18 as follows in red:
	25. NR_IIOT_URLLC_enh
	25-18
	Parallel PUCCH and PUSCH transmission across CCs in inter-band CA
	Support simultaneous PUCCH and PUSCH transmissions of different priority on different cells for inter-band CA.
	6-6
	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling
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