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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#114bis, there were discussions on the details for the two Rel-18 RedCap UE features groups (FGs) that were introduced in RAN1#113. In addition, there were considerations whether to add features related to MBS. This contribution provided proposals related to MBS.
Discussion
Rel-17 MBS
The Rel-18 RedCap WID [2], provided in Appendix A, has an objective related to UE features. Essentially, all capabilities that a Rel-17 RedCap UE can support are applicable to Rel-18 RedCap unless changes are necessary. During the feature discussions for Rel-17 RedCap UEs [9], there were little discussions regarding MBS, as it was assumed most MBS features, which are listed in Appendix B, were applicable to Rel-17 RedCap UEs. After examining the 46 Rel-17 MBS features, our observations were that almost all MBS FGs are applicable except those with SCell components.
· [bookmark: _Hlk149828254]33-2h (Dynamic scheduling for multicast for SCell)
· 33-5-3 (One SPS group-common PDSCH configuration for multicast for Scell)
· 33-5-4 (Up to 8 SPS group-common PDSCH configurations per CFR for multicast for SCell)
All CA-related MBS features (33-2h, 33-5-3, 33-5-4) are therefore not applicable to RedCap UEs.
There were other observations about the MBS features. For FR1, it is obvious that if a Rel-17 RedCap UE does not support 256QAM on the DL (pdsch-256QAM-FR1), the following FG is not applicable:
· 33-2i (Supported maximal modulation order for multicast PDSCH): the values of 1024QAM and 256QAM. 
The consequence when the feature is not supported is “The UE supports the same modulation order as unicast”, which means the UE supports 64QAM.
Similarly, for FR1, when the capability parameter maxNumberMIMO-LayersPDSCH indicates one MIMO layer, the following FG is not applicable:
· 33-2g (MIMO layers for multicast PDSCH)
The consequence when the feature is not supported is “UE supports 1 MIMO layer only for multicast PDSCH”.
These observations are similar to the RAN#96 agreed proposal in RP-221782 [10].
	· There is no specification work resulting from any of the RAN#96 decisions regarding RedCap support of MBS
· MBS support is not optimized for RedCap
· MBS support for RedCap has had limited discussion in Rel-17 prior to RAN#96
· Rel-17 specifications do not prevent any UE setting MBS capability
· Send and LS response to SA2 including the following
· RAN#96 has concluded that Rel-17 specifications do not prevent any UE, including RedCap UEs, setting MBS capability to indicate MBS support



Observation 1: All but CA-related Rel-17 MBS FGs are applicable to Rel-17 RedCap UEs 
With to the Rel-18 RedCap WID objective “By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified”, the Rel-17 MBS features which are applicable to Rel-17 RedCap are also available to Rel-18 RedCap. We need to consider the applicability of those features in light of complexity reduction within Rel-18 RedCap, including if any changes are needed to Rel-17 MBS features.
The following Rel-17 MBS feature group may not be applicable because the data rate is fixed for Rel-18 RedCap UEs:
· 33-2j (Supported maximum modulation order used for maximum data rate calculation for multicast PDSCH)
In our view, it is up to RAN2 to determine whether / how it chooses to treat this feature given that the data rate is fixed to 10 Mbps.
With the agreements made in the maintenance phase regarding the PRB limits for FG 48-1, our view is that almost all but CA-related Rel-17 MBS features are applicable to Rel-18 RedCap UEs in the same way it is applicable to Rel-17 RedCap UEs.
Rel-18 MBS
In addition, we need to consider Rel-18 MBS. The work item includes support of multicast reception in the inactive state, and shared processing for broadcast and unicast reception (including simultaneous unicast reception and MBS broadcast reception) [6]. RAN2 has a running CR with one feature group related to multicast inactive [4]. Our analysis shows that the components, which are provided in Appendix C, are combinations of FG 33-1 (broadcast) and FG 33-2 (multicast connected). 
We noticed that there was no agreement for Rel-18 MBS and FG 48-1 UE. In our accompanying maintenance contribution [8], we provide a proposal. Once an agreement is made, we can state that the standard is able to support for Rel-18 MBS and Rel-18 RedCap.
Observation 2: An agreement is needed for Rel-18 MBS and Rel-18 RedCap.
New features
In the maintenance phase, the following FL proposal [7] was 
	Medium Priority Proposal 2.5-1d:
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, the UE can decode a PDSCH for MBS multicast and a PDSCH for unicast with the two PDSCH partially or fully overlapping in time in non-overlapping PRBs, if the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.
· It is FFS whether and how to update the specification regarding the following aspects:
· How to handle simultaneous MBS broadcast/multicast and unicast when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot (if this is a valid case)
· Whether to introduce new capabilities or reuse/update the legacy capabilities for FDM-ed unicast PDSCH and group-common PDSCH for broadcast/multicast
· Whether to introduce new capabilities for combinations of support of MBS broadcast/multicast and support of 2 layers and/or 256QAM



and then was agreed after discussion as
	Agreement:
· Continue to discuss whether and how to update the specification regarding the following aspect:
· simultaneous MBS broadcast/multicast and unicast when the total number of PRBs exceeds the maximum number of PRBs that the UE can receive or process per slot (if this is a valid case)



with the comment that the FFS in the FL proposal to be treated in the feature discussions.
The first item in the FFS list is to be treated in the maintenance session. For the second item in the FFS list (FDM-ed unicast), there are two Rel-17 FGs related to broadcast (FG 33-1-2), and multicast (33-3-2). With the existing Rel-18 specifications, these two FGs can be reused without any updates. For the last item in the FFS list (combinations), we showed that the existing Rel-17 FGs (33-2i, 33-2g) can be reused when the UE supports 256QAM and/or 2-layer MIMO; otherwise, they are not applicable.
Based on our analysis of the Rel-17 MBS and Rel-18 MBS features as well as the Rel-18 RedCap features, with the existing WID objective [2]
· [bookmark: _Hlk149285595]The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
the existing capability signaling can be reused without any changes. Further, as there was no mention of MBS as part of the Rel-18 RedCap WID objectives, no new FGs for MBS support for Rel-18 RedCap UEs are necessary. 
Proposal: For Rel-18 RedCap UEs, no specific feature groups related to MBS are necessary.

Conclusion
This contribution examined MBS feature support for RedCap UEs. 
Observation 1: All but CA-related Rel-17 MBS FGs are applicable to Rel-17 RedCap UEs 
Observation 2: An agreement is needed for Rel-18 MBS and Rel-18 RedCap.
Proposal: For Rel-18 RedCap UEs, no specific feature groups related to MBS are necessary.

References
[bookmark: _Ref148953533][bookmark: _Ref141252005][bookmark: _Hlk141336000][bookmark: _Ref52458927][bookmark: _Ref67924775][bookmark: _Ref83573255]R1-2310635, “Updated RAN1 UE features list for Rel-18 NR after RAN1#114bis”, Ad-Hoc Chair (NTT DOCOMO), RAN1#114bis, Oct. 9-13, 2023
[bookmark: _Ref146135906]RP-232671, “Revised WID on Enhanced support of reduced capability NR devices”, Ericsson, RAN#101, Sep. 11-15, 2023.
[bookmark: _Ref148711160]38.882, “User Equipment (UE) feature list”, v17.1
[bookmark: _Ref148953627]R2-2399561, “Introduction of eMBS UE Capabilities into TS 38.306”, vivo, RAN2#123bis, Oct. 9-13, 2023
[bookmark: _Ref148969372]R1-2310568, “FL summary #4 on Rel-18 RedCap UE complexity reduction”, Ericsson, RAN1#114bis, Oct. 9-13, 2023 
[bookmark: _Ref148969438]RP-231829, “Revised WID: Enhancements of NR Multicast and Broadcast Services”, CATT, CBN, RAN#101, Sep. 11-15, 2023.
[bookmark: _Ref148969529]R1-2310617, “Summary on UE features for eRedCap”, NTT DOCOMO, RAN1#114bis, Oct. 9-13, 2023
[bookmark: _Ref149309574]R1-2310820, “Maintenance of R18 RedCap”, FUTUREWEI, RAN1 #115, Nov. 13 - 17, 2023
[bookmark: _Ref149810589]R1-2112503, “FL summary on LS on capability related RAN2 agreements for RedCap”, Ericsson, RAN1#107, Nov. 11 – 19, 2021
[bookmark: _Ref149827570]RP-221920, “Meeting Report for TSG RAN meeting #96”, RAN#97, Jun. 6 - 9, 2022

Appendix
Appendix A: Rel-18 WID [2]
	Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Relation between ‘UE BB bandwidth reduction’ and ‘UE peak data rate reduction’
· A UE can support ‘UE peak data rate reduction’ with or without ‘UE BB bandwidth reduction’.
· The initial access procedure for ‘UE peak data rate reduction’ without ‘UE BB bandwidth reduction’ is the same as for ‘UE peak data rate reduction’ with ‘UE BB bandwidth reduction’.
· The peak rate target is 10 Mbps regardless of what optional features the UE may support.
· Support additional separate early indication(s) [RAN1, RAN2]
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.



Appendix B: Rel-17 MBS features [3]
	Index
	Feature group
	Components

	33-1
	Broadcast
	1. Support of group-common PDCCH/PDSCH for broadcast with CRC scrambled by MCCH-RNTI.
2. Support of group-common PDCCH/PDSCH for broadcast with CRC scrambled by G-RNTI(s) for MTCH.
3. Support of CFR configuration for broadcast.
4. Support of CORESET and common search space for broadcast.
5. Support of DCI format 4_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
9. One G-RNTI per UE is supported for broadcast reception
10. Support of FDMed MCCH and PBCH
11. Support of up to 64QAM for FR1/FR2

	33-1-1
	DCI indicated slot-level repetition up to 16 for broadcast MTCH
	Support up to 16 times dynamic slot-level repetition for broadcast MTCH.

	[bookmark: _Hlk149310082]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.

	33-2
	Dynamic scheduling for multicast for PCell
	1. Support of group-common PDCCH/PDSCH for multicast 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 group-common PDSCH for multicast and other PDSCHs in different slots.
6. Support {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast

	33-2a
	Support of ACK/NACK based HARQ-ACK feedback and RRC-based enabling/disabling ACK/NACK-based feedback for dynamic scheduling 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
2) Support of PTM retransmission for multicast
3) support of Type-1 and Type-2 HARQ-ACK CB for multicast feedback only
4) Support of shared PUCCH resource configurations with unicast
5) Support of Type-2 HARQ-ACK codebook for multicast on PUSCH/PUCCH with max number X of G-RNTIs

	33-2b
	DCI-based enabling/disabling ACK/NACK-based feedback for dynamic scheduling for multicast
	Support of DCI-based enabling/disabling ACK/NACK based HARQ-ACK feedback configured per G-RNTI by RRC signaling via DCI format 4_2

	33-2d
	PTP retransmission for multicast dynamic scheduling
	Support of PTP retransmission for multicast on the same cell as multicast initial transmission

	33-2e
	Multiple G-RNTIs for group-common PDSCHs
	Capability on number of G-RNTI for multicast

	33-2f
	Dynamic multicast with DCI format 4_2
	Support of DCI format 4_2 with CRC scrambled with G-RNTI for multicast

	33-2g
	MIMO layers for multicast PDSCH
	Supported maximal number of MIMO layers for multicast PDSCH

	33-2h
	Dynamic scheduling for multicast for SCell
	Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI for SCell.

	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}

	33-2j
	[bookmark: _Hlk148951710]Supported maximum modulation order used for maximum data rate calculation 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}

	33-3-1
	Dynamic Slot-level repetition for group-common PDSCH
	1. Support up to X times dynamic slot-level repetition for group-common PDSCH for multicast.

	33-3-1a
	Dynamic Slot-level repetition for group-common PDSCH for NTN and unlicensed
	1. Support up to X times dynamic slot-level repetition for group-common PDSCH for multicast for NTN and unlicensed

	[bookmark: _Hlk149288892][bookmark: _Hlk149310127]33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH for multicast
	1. Support FDM between one dynamically scheduled unicast PDSCH and one dynamically scheduled group-common PDSCH for multicast in RRC CONNECTED mode in a slot.

	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).
-	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

	33-3-3a
	FDM-ed Type-1 and Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast
	1. Support of FDM-ed Type-1 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and ACK/NACK-based HARQ-ACK for multicast on PUCCH or PUSCH
2. Support of Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH with max number X of G-RNTIs/G-CS-RNTIs

	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
	1. Support of Mode 2 TDM-ed Type-1 HARQ-ACK codebook for multiplexing HARQ-ACK for unicast and ACK/NACK-based HARQ-ACK for multicast on PUCCH or PUSCH
2. Support of Type-2 HARQ-ACK codebooks for multiplexing HARQ-ACK for unicast and HARQ-ACK for multicast on PUCCH or PUSCH with max number X of G-RNTIs/G-CS-RNTIs

	33-3-4
	Mode 1 for type1 codebook generation
	Supports type1-Codebook-Generation-Mode configured as mode 1

	33-3-5
	Feedback multiplexing for unicast PDSCH and group-common PDSCH for multicast with same priority and different codebook type
	Support of multiplexing HARQ-ACK for unicast and for multicast with the same priority and different HARQ-ACK codebook types in a PUCCH or in a PUSCH

	33-4
	NACK-only based HARQ-ACK feedback for multicast RRC-based enabling/disabling with ACK/NACK transforming
	1. Support NACK-only based HARQ-ACK feedback and support of enabling/disabling NACK-only based HARQ-ACK feedback configured by RRC signalling for dynamic scheduling for multicast, 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
2. Support of shared PUCCH resource configurations with unicast
3. One or multiple TB with NACK-only feedback transmitted in PUSCH by transforming into ACK/NACK bits
4. One or multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits when multiplexing with other UCI

	33-4a
	NACK-only based HARQ-ACK feedback for multicast corresponding to a specific sequence or a PUCCH transmission
	1. Support NACK-only based HARQ-ACK feedback for dynamic scheduling for multicast, including:
 a) Up to 4 TBs with NACK-only feedback transmitted in PUCCH by select one PUCCH resource.
2. Support of separate PUCCH resource configurations from unicast
3. Single TB with NACK-only feedback transmitted in PUCCH
4. up to 4TBs with NACK-only feedback transmitted in PUSCH by transforming into ACK/NACK bits

	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 signalling via DCI format 4_2

	33-5-1
	SPS group-common PDSCH for multicast on 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
3. Support of group-common PDCCH/PDSCH with CRC scrambled by G-CS-RNTI(s) for multicast
4. Support of DCI format 4_1 with CRC scrambled with G-CS-RNTI for multicast
5. ACK/NACK-based HARQ-ACK feedback for SPS release associated with G-CS-RNTI

	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 and first PDSCH after SPS activation
2. Support of PTM retransmission for SPS multicast associated with G-CS-RNTI
3. Support of Type-1 and Type-2 HARQ-ACK CB for SPS multicast feedback only
4. Support of shared SPS-PUCCH-AN-List configuration from unicast SPS

	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

	33-5-1d
	PTP retransmission for SPS group-common PDSCH for multicast
	Support of PTP retransmission associated with CS-RNTI for SPS multicast on the cell same as multicast initial transmission

	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.

	33-5-1f
	NACK-only based HARQ-ACK feedback for multicast RRC-based enabling/disabling NACK-only based feedback for SPS group-common PDSCH for multicast
	1) Support NACK-only based HARQ-ACK feedback, and support of enabling/disabling NACK-only based HARQ-ACK feedback configured by RRC signalling for SPS group-common PDSCH without PDCCH scheduling

a) A single TB with NACK-only feedback transmitted in PUCCH
b) multiple TBs with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits
2) Support of shared PUCCH resource configurations with unicast
3) One or multiple TB with NACK-only feedback transmitted in PUSCH by transforming into ACK/NACK bits
4) One or multiple TB with NACK-only feedback transmitted in PUCCH by transforming into ACK/NACK bits when multiplexing with other UCI

	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

	33-5-1h
	Multiple G-CS-RNTIs for SPS group-common PDSCHs
	Max number of G-CS-RNTIs for SPS multicast 

	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

	33-5-1j
	NACK-only based HARQ-ACK feedback for multicast corresponding to a specific sequence or a PUCCH transmission for SPS group-common PDSCH for multicast
	1. Support NACK-only based HARQ-ACK feedback for SPS PDSCH for multicast, including:
a) Up to 2 TBs with NACK-only feedback transmitted in PUCCH by select one PUCCH resource.
2. Support of separate SPS-PUCCH-AN-List from unicast
3. Single TB with NACK-only feedback transmitted in PUCCH
4. Up to 2TBs with NACK-only feedback transmitted in PUSCH by transforming into ACK/NACK bits

	33-5-2
	Multiple SPS group-common PDSCH configuration on PCell
	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 in a BWP of a serving cell, and activated SPS group-common PDSCH configurations is no larger than M.
4. The total number of SPS configurations for both multicast and unicast in a cell group is no larger than 32

	[bookmark: _Hlk149315017]33-5-3
	One SPS group-common PDSCH configuration for multicast for Scell
	1. Support one SPS group-common PDSCH configuration for multicast for Scell.
2. Support {2, 4, 8} times semi-static slot-level repetition for SPS group-common PDSCH for Scell.
3. Support of group-common PDCCH/PDSCH with CRC scrambled by G-CS-RNTI(s) for multicast
4. Support of DCI format 4_1 with CRC scrambled with G-CS-RNTI for multicast
5. ACK/NACK-based HARQ-ACK feedback for SPS release associated with G-CS-RNTI

	33-5-4
	Up to 8 SPS group-common PDSCH configurations per CFR for multicast for SCell
	1. Support up to 8 SPS group-common PDSCH configuration per CFR for multicast for Scell.
2. Support M>=1 activated SPS group-common PDSCH configurations per CFR for multicast for Scell.
3. The total number of SPS configurations for both multicast and unicast is no larger than 8 in a BWP of a serving cell, and activated SPS group-common PDSCH configurations is no larger than M.
4. The total number of SPS configurations for both multicast and unicast in a cell group is no larger than 32.

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

	33-6-1a
	DL priority configuration for SPS multicast
	Support of priority indicator field configured in DCI format 4_2 for multicast HARQ-ACK feedback of SPS multicast

	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.

	33-6-3
	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.

	33-8-1
	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

	33-8-2
	Up to 2 PUCCH resources configuration for multicast feedback for dynamically scheduled multicast
	Support of a PUCCH-ConfigurationList for multicast HARQ-ACK feedback, separate from that of unicast configurations

	33-8-3
	PUCCH resource configuration for multicast feedback for SPS GC-PDSCH
	Support of a SPS-PUCCH-AN-List for multicast HARQ-ACK feedback of all multicast SPS configuration(s), separate from that of SPS unicast configurations

	33-9
	Supporting unicast PDCCH to release SPS group-common PDSCH
	Supports unicast PDCCH scrambled with CS-RNTI to release SPS group-common PDSCH

	33-10
	Support group-common PDSCH RE-level rate matching for multicast
	1) Support of SP ZP-CSI-RS for group-common PDSCH RE-mapping patterns
2) Support of P ZP-CSI-RS for group-common PDSCH RE-mapping patterns
3) Support p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast same as or different from the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config
Note 1: The total number of semi-persistent ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16
4) Support of AP ZP-CSI-RS for group-common PDSCH RE-mapping patterns



Appendix C: Rel-18 MBS features [4]
dynamicMulticastInactive-r18
Indicates whether the UE supports dynamic scheduling for multicast for PCell comprised of the following functional components:
· Supports group-common PDCCH/PDSCH for multicast with CRC scrambled by G-RNTI in RRC_INACTIVE;
· Supports group-common PDCCH/PDSCH for multicast with CRC scrambled by multicast MCCH-RNTI;
· Supports CFR configuration for multicast in RRC_INACTIVE;
· Supports CORESET and common search space configuration for multicast in RRC_INACTIVE;
· Supports DCI format 4_1 with CRC scrambled with G-RNTI for multicast in RRC_INACTIVE;
· Supports DCI format 4_0 with CRC scrambled with multicast MCCH-RNTI;
· MCCH change notification indication via DCI;
· One G-RNTI per UE is supported for multicast reception in RRC_INACTIVE;
· Supports {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast in RRC_INACTIVE;
· Supports inter-slot TDM between group-common PDSCH for multicast in RRC_INACTIVE and other PDSCHs, or between multicast MCCH group-common PDSCH and MTCH group-common PDSCH for multicast in RRC_INACTIVE, or among multicast MCCH group-common PDSCH and MTCH group-common PDSCH for multicast in RRC_INACTIVE and other PDSCHs in different slots;
· Support of FDMed multicast MCCH and PBCH;
· Supports long DRX cycle for MBS multicast reception in RRC_INACTIVE.



Appendix D: Current Rel-18 RedCap features [1]

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory /Optional

	48. NR_redcap _enh
	48-1
	RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
- For separate initial DL BWP used in connected mode as BWP#0 configuration option 1, CD-SSB is included
6. 1 UE-specific RRC configured DL BWP per carrier
7. 1 UE-specific RRC configured UL BWP per carrier
8. RRC reconfiguration of any parameters related to BWP
9. UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB
10. NCD-SSB based measurements in RRC-configured DL BWP
The following components are new compared to supportOfRedCap-r17 (28-1):
11. DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f  = 3.2
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
13. Relaxed processing timeline of 1/0.5 ms for 15/30 kHz SCS when the RAR PDSCH and MsgB PDSCH (if supported) is larger than 25/12 PRBs for 15/30 kHz SCS
14. Network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs
15. Maximum number of Msg4 PDSCH PRBs that can be [decoded/scheduled] and maximum number of Msg 3 PUSCH PRBs and Msg A PUSCH PRBs (if supported) that can be [transmitted/scheduled] is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
FFS whether to add additional components
	
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	A UE supporting this FG is not required to support FG 6-1.
A UE supporting this FG is not allowed to support FG 28-1.
The specifications for a UE supporting FG 28-1 (‘RedCap UE’) also apply for a UE supporting this FG (FG 48-1) unless stated otherwise.
It is up to RAN2 whether/how to capture the capabilities for early indication of RedCap UE in Msg 3 and Msg A.
It is up to RAN2 whether/how to capture the capabilities for additional separate early indication of Rel-18 eRedCap UE in Msg 3 and Msg A PUSCH.
	Optional with capability signaling
UEs supporting Rel-18 eRedCap UE complexity reduction feature(s) indicate support of this FG instead of FG 28-1 (supportOfRedCap-r17).

	48. NR_redcap _enh
	48-2
	RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1
	Component 13 in FG 48-1 is supported by FG 48-2 during initial access.
The capabilities of FG 48-2 are the same as for FG 48-1 except that the following restriction does not apply:
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
Component 11 in FG 48-1 does not apply and DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f = 0.75 when vLayers = 1 and vLayers Qm·f = 0.8 when vLayers = 2
	48-1
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	
	Optional with capability signaling




