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1. [bookmark: _Ref87019221]Introduction
The UE features for NR MBS have been discussed in last several meetings and achieved some agreements, and the latest updated RAN1 UE features list for Rel-17 NR after RAN1 #107bis-e can be found in [1]. In last RAN1 meeting [2], the MBS UE features were further discussed, and the corresponding conclusion can be found in [3]. In this contribution, we will further discuss the NR MBS UE feature remaining issues, e.g., the reporting type for the FG and so on.
2. Discussion
In the latest approved TS 38.212 spec, the three DCI formats were defined for MBS broadcast and multicast that DCI format 4_0, DCI format 4_1, and DCI format 4_2 correspond to broadcast DCI format, multicast first DCI format and multicast second DCI format, respectively. In order to align the MBS DCI format naming, we suggest the following proposal:
[bookmark: _Ref92651897]Proposal 1: The MBS multicast broadcast DCI format naming in UE feature discussion should be aligned with that of latest approved TS 38.212 spec, i.e., MBS broadcast and multicast DCI format 4_0, DCI format 4_1, and DCI format 4_2 correspond to broadcast DCI format, multicast first DCI format and multicast second DCI format, respectively.
· For broadcast FG 33-1, the description of DCI format 1_0 shall be replaced by DCI format 4_0.
· For multicast FG 33-2, the description of DCI format 1_0 shall be replaced by DCI format 4_1.

Considering the concept of group-common PDCCH/PDSCH is used for broadcast and multicast and it only state “group-common PDCCH/PDSCH” in some FG, it may cause some confusing, e.g., which means for broadcast or multicast? Therefore, we want to clarify the concept more clearly with some constrains, e.g., group-common PDCCH/PDSCH for multicast or broadcast, respectively.
[bookmark: _Ref92793106]Proposal 2: For FG component description, clarify the wording of group-common PDCCH/PDSCH more clearly for broadcast and multicast respectively, e.g., group-common PDCCH/PDSCH for multicast or broadcast.

2.1 33-1: Broadcast
Regarding the CFR number for broadcast reception, it is no clear motivation to support multiple CFR. We had agreed that the number of CFRs for multicast is no more than one, and the corresponding agreement is copied as following. We suggest the similar mechanism can be reused for broadcast reception since we also have agreed that the CFR frequency for MCCH and MTCH can be configured by SIBx.
	Agreement:
The number of CFRs for multicast is no more than one per dedicated unicast BWP in Rel-17.
Agreement
For broadcast reception with RRC_IDLE/RRC_INACTIVE UEs:
· The CFR frequency resources used for MCCH and MTCH are configured by SIBx;


[bookmark: _Ref87046103][bookmark: _Ref92651898]Proposal 3: For FG 33-1, adding a note that “For component 3, only one CFR frequency resource is supported for broadcast and the CFR frequency resource is configured by SIBx”.
	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.
3. Support of CFR configuration for broadcast.
4. Support of CORESET and common search space for broadcast. 
5. Support of DCI format 1_0 4_0 with CRC scrambled with G-RNTI/MCCH-RNTI for broadcast.
6. Support of inter-slot TDM between unicast PDSCH and 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

For component 3, only one CFR frequency resource is supported for broadcast and the CFR frequency resource is configured by SIBx




2.2 [bookmark: _Hlk95658809]33-2 and 33-2h: Dynamic scheduling for multicast for PCell(33-2) or SCell(33-2h)
Regarding the CFR number for multicast reception, the following agreement was achieved in previous RAN1 meeting:
	Agreement:
The number of CFRs for multicast is no more than one per dedicated unicast BWP in Rel-17.


Thus, we prefer to update the 2nd component based on the latest agreement.
[bookmark: _Ref101789321]Proposal 4: For FG 33-2, adding a note that “for component 2, up to one CFR is supported for multicast reception”. 

Regarding the multicast service reception on SCell, the following agreement was achieved in previous meeting:
	Agreement: If UE supports carrier aggregation for unicast, multicast reception on an activated SCell with self-scheduling is supported subject to UE capability in Rel-17.
· UE is not expected to be configured simultaneously with more than one component carrier for multicast reception.
· Cross-carrier scheduling for multicast reception is not supported in Rel-17.
· The capability of supporting MBS multicast on SCell is a separate capability from the CA capability for unicast.
· The granularity of UE reporting the capability of supporting MBS multicast reception is per FSPC


The part of the agreements has been reflected in the updated UE features after RAN1#108-e, however, some descriptions are not clear in [1]. For example, there is not any sentence to reflect this restriction that “UE is not expected to be configured simultaneously with more than one component carrier for multicast reception.” Thus, we suggest adding a note to reflect the agreement for both FG 33-2 and FG 33-2h.
[bookmark: _Ref92651899][bookmark: _Ref87046107]Proposal 5: For FG 33-2, adding a note that “UE is not expected to be configured simultaneously with more than one component carrier for multicast reception”. 
[bookmark: _Ref101789382][bookmark: _Hlk101777652]Proposal 6: For FG 33-2h, adding a note that “UE is not expected to be configured simultaneously with more than one component carrier for multicast reception”. 

Since more than one component carrier for multicast reception is not supported, it implies that the UE will not support the FG 33-2 and FG 33-2h simultaneously, so, the current prerequisite FG for the FG 33-2h is not correct, which is needed to be removed. 
[bookmark: _Ref101789367][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 7: For FG 33-2h, delating the prerequisite feature group description. 

	33-2
	Dynamic scheduling for multicast for PCell
	1. [bookmark: OLE_LINK1]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 1_0 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 in different slots. 
6. Support {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast

	FFS
	Yes
	
	
	Per FS

	N/A
	N/A
	
	Note 1: UE is not expected to be configured simultaneously with more than one component carrier for multicast reception
Note2: for component 2, up to one CFR is supported for multicast reception
	Optional with capability signalling

	33-2h
	Dynamic scheduling for multicast for SCell
	Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI for SCell.
	33-2
	Yes
	
	
	Per FSPC
	N/A
	N/A
	
	Note 1: UE is not expected to be configured simultaneously with more than one component carrier for multicast reception

	Optional with capability signalling




2.3 33-1-2 and 33-3-2: FDM-ed unicast PDSCH and group-common PDSCH
Regarding the FDMed case for unicast PDSCH and group-common PDSCH, the following agreement was achieved in the last meeting.
Agreement
· FG 33-3-2 is split into 2 FGs; One for support of FDM between one unicast PDSCH and one multicast PDSCH, the other for support of FDM between one unicast PDSCH and one broadcast PDSCH.
	33. NR_MBS
	33-3-2
	FDM-ed unicast PDSCH and 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.

	[33-1, 33-2]
	Yes
	
	
	[Per UE]
	[No]
	[No]
	
	
	Optional with capability signalling

	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
	
	
	FFS
	FFS
	FFS
	
	
	Optional with capability signalling


In the current spec, the multicast and broadcast can be scheduled in different components, e.g., the multicast service is scheduled in PCell with CC#1, and broadcast service is scheduled in the SCell with CC#2. If FDMed case is also scheduled in the two CCs, it will make the UE to process 2 FDMed PDSCH combination in the same slot as illustrated in Figure 1, which will make the UE behaviour more complexity and need more buffer to process the PDSCH combinations. Maybe some companies argue that the UE can report not support one of them, e.g., UE reporting not support FG33-3-2 or FG 33-1-2. However, if UE report only supporting one of them, it may restrict the gNB scheduling, e.g., if UE report does not support multicast FDM FG 33-3-2 and only support the FG 33-1-2, but, in some slot, even if the multicast PDSCH is not scheduled and UE has the capability to process the FDMed PDSCH, the gNB also cannot schedule the FDMed broadcast due to the reporting restriction. 
[image: ]
[bookmark: _Ref111208685]Figure 1 Two FDMed combination for the MBS in the same slot
Considering the scheduling flexibility and UE processing capability, we prefer to define a new FG:
	33-3-x
	FDM-ed unicast PDSCH and
group-common PDSCH
	1. Support FDM between one unicast PDSCH and one group-common PDSCH of a serving cell in RRC CONNECTED mode in a slot.
2. The maximum number of supported FDM between one unicast PDSCH and one group-common PDSCH across all serving cells in a slot.
	Component 2 candidate values: {1,2}


Alternatively, UE can report the FDMed combination if the reporting type for the DMed case is per FSPC, e.g., UE can report the two combinations {CC#1 support multicast FDMed && CC#2 not support broadcast FDMed} and {CC#1 not support FDMed multicast && CC#2 support FDMed broadcast}, it also can achieve the gNB scheduling flexibility and UE processing capability. 
[bookmark: _Ref111225506]Proposal 8: For FDMed unicast PDSCH and group-common PDSCH, 
· Define a new UE capability as following:
	33-3-x
	FDM-ed unicast PDSCH and
group-common PDSCH
	1. Support FDM between one unicast PDSCH and one group-common PDSCH of a serving cell in RRC CONNECTED mode in a slot.
2. The maximum number of supported FDM between one unicast PDSCH and one group-common PDSCH across all serving cells in a slot.
	Component 2 candidate values: {1,2}


· or the reporting type for the FG 33-1-2 and FG 33-3-2 is per FSPC.

3. Conclusion 
In this contribution, it discusses the NR MBS UE features, and the following proposal are suggested:
Proposal 1: The MBS multicast broadcast DCI format naming in UE feature discussion should be aligned with that of latest approved TS 38.212 spec, i.e., MBS broadcast and multicast DCI format 4_0, DCI format 4_1, and DCI format 4_2 correspond to broadcast DCI format, multicast first DCI format and multicast second DCI format, respectively.
· For broadcast FG 33-1, the description of DCI format 1_0 shall be replaced by DCI format 4_0.
· For multicast FG 33-2, the description of DCI format 1_0 shall be replaced by DCI format 4_1.

Proposal 2: For FG component description, clarify the wording of group-common PDCCH/PDSCH more clearly for broadcast and multicast respectively, e.g., group-common PDCCH/PDSCH for multicast or broadcast.

33-1: Broadcast
Proposal 3: For FG 33-1, adding a note that “For component 3, only one CFR frequency resource is supported for broadcast and the CFR frequency resource is configured by SIBx”.
	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.
3. Support of CFR configuration for broadcast.
4. Support of CORESET and common search space for broadcast. 
5. Support of DCI format 1_0 4_0 with CRC scrambled with G-RNTI/MCCH-RNTI for broadcast.
6. Support of inter-slot TDM between unicast PDSCH and 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

For component 3, only one CFR frequency resource is supported for broadcast and the CFR frequency resource is configured by SIBx



33-2 and 33-2h: Dynamic scheduling for multicast for PCell(33-2) or SCell(33-2h)
Proposal 4: For FG 33-2, adding a note that “for component 2, up to one CFR is supported for multicast reception”.
Proposal 5: For FG 33-2, adding a note that “UE is not expected to be configured simultaneously with more than one component carrier for multicast reception”.
Proposal 6: For FG 33-2h, adding a note that “UE is not expected to be configured simultaneously with more than one component carrier for multicast reception”.
Proposal 7: For FG 33-2h, delating the prerequisite feature group description.
	33-2
	Dynamic scheduling for multicast for PCell
	7. Support of group-common PDCCH/PDSCH for multicast with CRC scrambled by G-RNTI for PCell.
8. Support of CFR configuration for multicast.
9. Support of CORESET and common search space configuration for multicast.
10. Support of DCI format 1_0 4_1 with CRC scrambled with G-RNTI for multicast.
11. Support of inter-slot TDM between unicast PDSCH and group-common PDSCH for multicast in different slots. 
12. Support {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast

	FFS
	Yes
	
	
	Per FS

	N/A
	N/A
	
	Note 1: UE is not expected to be configured simultaneously with more than one component carrier for multicast reception
Note2: for component 2, up to one CFR is supported for multicast reception
	Optional with capability signalling

	33-2h
	Dynamic scheduling for multicast for SCell
	Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI for SCell.
	33-2
	Yes
	
	
	Per FSPC
	N/A
	N/A
	
	Note 1: UE is not expected to be configured simultaneously with more than one component carrier for multicast reception

	Optional with capability signalling


3.1 33-1-2 and 33-3-2: FDM-ed unicast PDSCH and group-common PDSCH
Proposal 8: For FDMed unicast PDSCH and group-common PDSCH,
· Define a new UE capability as following:
	33-3-x
	FDM-ed unicast PDSCH and
group-common PDSCH
	3. Support FDM between one unicast PDSCH and one group-common PDSCH of a serving cell in RRC CONNECTED mode in a slot.
4. The maximum number of supported FDM between one unicast PDSCH and one group-common PDSCH across all serving cells in a slot.
	Component 2 candidate values: {1,2}


· or the reporting type for the FG 33-1-2 and FG 33-3-2 is per FSPC.
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