3GPP TSG RAN WG1 Meeting #107bis-e	R1-2200030
e-Meeting, January 17th – 25th, 2022

Agenda Item:	8.16.12
Source:	Huawei, HiSilicon
Title:	Rel-17 UE features for NR MBS 
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
After RAN1#107-e discussion, the RAN1 UE features for Rel-17 NR is updated in [1]. This contribution provides our views for Rel-17 NR MBS UE features. 
General assumption for UE capability 
[bookmark: OLE_LINK78]The WID [2] notes that in order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). Therefore, without specifically stating, we should make the basic assumption that UE capability supported in Rel-15/16 (e.g., the total number of TCI states, rateMatchPattern, etc.) should not be increased when UE supports multicast/broadcast.

UE feature related discussion
UE capability for 32 DL HARQ process
As discussed in [3], introducing UE capability of 32 DL HARQ process can also help alleviate difficulty of network coordinating HARQ process allocation for unicast, multicast and broadcast. This can be an independent Rel-17 UE capability without any Rel-17 feature as prerequisite and can be reported per band as proposed in [4], so that this UE capability can be applicable to NR NTN, NR FR2-2 feature and NR MBS. 
Proposal 1: Define an independent Rel-17 UE capability of supporting 32 HARQ process numbers.  
FG33-1 for MBS Broadcast
Since DCI format 4_0 is defined in TS 38.212 for scheduling broadcast, DCI format 1_0 in the 3rd component needs to be updated to DCI format 4_0. 
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. 
As discussed in [5], as motivated for unicast, MBS broadcast scheduling also needs to consider RB level and RE level rate matching. As mandatory for legacy UE supporting unicast, supporting semi-static rate-matching resource set configuration and supporting rate-matching around LTE CRS should be the components of FG33-1. 
Broadcast reception targets UEs for all RRC states. As commented by some companies, FG33-1 can be reported so that network can at least manipulate the transmissions of MBS broadcast and unicast properly for UE in RRC_CONNECTED state. From this sense, we can accept this capability reported to network. In addition, slot-level repetition configured by RRC should be one component of FG33-1. Otherwise, repetition will be probably not used from network scheduling since broadcast will be received by UEs in all RRC states. 
In addition, with an additional dedicated HARQ process reserved by the existing UE implementation should not be the basic assumption to support Rel-17 MBS broadcast reception as discussed in [5]. Whether UE supports an additional dedicated HARQ process for receiving MBS broadcast that is out of the maximum number of 16 HARQ processes per cell should be subject to a UE capability. If UE does not report such capability, UE is not expected to have additional dedicated HARQ process for MBS broadcast reception on top of the maximum number supported currently.
Proposal 2: Updating FG33-1 and adding FG33-1-1 as follows in red: 
	33. NR_MBS
	33-1
	Broadcast
	0. Support of group-common PDCCH/PDSCH with CRC scrambled by MCCH-RNTI.
0. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI.
0. Support of CFR configuration for broadcast.
0. Support of CORESET and common search space for broadcast. 
0. Support of DCI format 4_0 with CRC scrambled with G-RNTI/MCCH-RNTI for broadcast.
0. 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.
0. Support MCCH change notification indication via DCI.
0. Support of semi-static rate-matching resource set configuration.
0. Support of rate-matching around LTE CRS.
0. Support of semi-static configured slot-level repetition for group-common PDSCH
	
	No Yes
	
	
	Per UE
	No
	No
	
	
	[bookmark: OLE_LINK1]Optional without with capability signalling

	33. NR_MBS
	33-1-1
	Broadcast
	Support an additional dedicated HARQ process for receiving MBS broadcast.
	33-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



FG33-2 for MBS multicast
To align with TS 38.212 CR, the DCI format 1_0 in the 4th component of FG33-2 should be updated to 4_1 (based on DCI format 1_0). 
There was discussion in RAN1#107-e meeting that whether DCI format 4_2 (based on DCI format 1_1) should be the component of FG33-2. Some UE vendor views that it is preferred to have a common feature set for broadcast and multicast as much as possible at the early stage of implementation of Rel-17 NR MBS, though DCI format 1_1 is mandatory for legacy UE receiving unicast. For early implementation and deployment, it could be compromised to both network and UE to define a separate UE capability whether support DCI format 4_2 for scheduling multicast. 
The UE capability for multicast and broadcast is preferred to be separate although the basic feature sets for them are strived to be common. 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. 
As for FG33-1 broadcast, support of semi-static configured slot-level repetition of group-common PDSCH can be one of components of FG33-2 for multicast. 
Regarding whether to support NACK-only and/or ACK/NACK based HARQ-ACK feedback, whether to separate the capability for support of PTP retransmission for multicast, and whether to separate the capability for support of PTM retransmission for multicast, from network perspective, they are the components to be included in FG33-2 preferably. As discussed in RAN1#107-e meeting, from UE vendor perspective, these could be separate UE capabilities. As compromised between network and UE, support of NACK-only feedback and PTM retransmission can be the components and support of ACK/NACK based feedback and PTP retransmission can be separate UE capabilities. 

Proposal 3: Updating FG33-2, adding FG33-2-1, FF33-2-2, FG33-2-3, deleting FG33-2b, deleting FG33-3-1, deleting FG33-4, and deleting FG33-7 as follows in red: 
	33. NR_MBS
	33-2
	Dynamic scheduling for multicast
	1. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI.
1. Support of CFR configuration for multicast.
1. Support of CORESET and common search space configuration for multicast.
1. Support of DCI format 4_1 with CRC scrambled with G-RNTI for multicast.
1. 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. 
1. Support of semi-static configured slot-level repetition for group-common PDSCH
1. Support of NACK-only based feedback for dynamic multicast scheduling
1. Support of enabling/disabling NACK-only based HARQ-ACK feedback per configuration of RRC signaling.
1. Support of PTM retransmission for dynamic multicast scheduling
	
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-2-1
	Dynamic scheduling for multicast by DCI format 4_2
	Support of DCI format  4_2 with CRC scrambled with G-RNTI for multicast.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-2-2
	ACK/NACK-based feedback for dynamic scheduling for multicast 
	1. Support of ACK/NACK based feedback for multicast dynamic scheduling.
2. Support of enabling/disabling ACK/NACK based HARQ-ACK feedback configured by RRC signaling for dynamic scheduling of multicast.

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

	33. NR_MBS
	33-2-3
	PTP transmission for PTM HARQ retransmission
	Support of PTP transmission for PTM HARQ retransmission for dynamic scheduling

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

	33. NR_MBS
	33-2-43
	Group-common DCI indicating the enabling/disabling HARQ-ACK feedback for dynamic scheduling
	Support of DCI-based enabling/disabling HARQ-ACK feedback per configuration of RRC signaling for each G-RNTI.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	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
	33-2a
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	33-3-1
	Slot-level repetition for group-common PDSCH
	1. Support slot-level repetition for group-common PDSCH for multicast.
FFS whether to split FG 33-1-1 into two FGs for semi-static slot-level repetition and dynamic slot-level repetition
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	33-4
	NACK-only based HARQ-ACK feedback for multicast
	1. Support NACK-only based HARQ-ACK feedback.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	33-7
	Supporting group-common DCI indicating the enabling/disabling [ACK/NACK based] HARQ-ACK feedback
	1. Supports the function of group-common DCI indicating the enabling/disabling [ACK/NACK based] HARQ-ACK feedback
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



FG33-2-x for supported RNTIs
FG33-2-x is currently worded for the number of supported G-RNTIs for multicast. In light of avoiding device hardware impact to facilitate implementation and deployment of the feature, receiving multicast and broadcast may take the resources built for unicast from UE implementation perspective without changing the existing hardware, e.g., the maximum number of RNTIs UE supports that was dimensioned for unicast will be shared with multicast as well when to support MBS multicast.
Therefore, in addition to the value of the maximum number of G-RNTIs supported for multicast in FG33-2-x, UE needs to report whether such values are the numbers that are to be reduced or are to be increased for FG33-2-x, so that network can make full use of UE capability for better supporting services for unicast, multicast, and broadcast. In addition, UE can report MII for the interested broadcast reception, reporting the number of G-RNTIs supported for broadcast may not be needed. FG33-2-x can be for multicast only. 
Proposal 4: Updating FG33-2-x as follows in red: 
	33. NR_MBS
	33-2-x
	Multiple G-RNTIs for group-common PDSCHs
	1. The maximum number of G-RNTIs supported for multicast. FFS detailed values. 
2. Indication of whether the maximum number of G-RNTIs supported for multicast is to be added to the maximum number of supported RNTIs without multicast operation, or to be subtracted from the maximum number of supported RNTIs without multicast operation. 
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



FG33-3-2 for FDMed unicast and group-common PDSCH
The IE FeatureSetDownlinkPerCC indicates a set of features that the UE supports on the corresponding carrier of one band entry of a band combination including supportedBandwidthDL, maxNumberMIMO-LayersPDSCH and supportedModulationOrderDL that can determine an maximum TB size in a slot. For UE supporting FDM-ed unicast PDSCH and one group-common PDSCH in a slot, the maximum TBS size should be reported and is supposed to be the total maximum TB size for both unicast and group-common PDSCH.
If FG33-2 has no HARQ-ACK feedback or NACK-only as the component, it makes sense to separate the support of FDM-ed Type1/Type2 HARQ-ACK codebook from FG33-3-2 and define additional UE capability as is.

Proposal 5: Updating FG33-3-2 and adding FG33-3-2a as follows in red:
	33. NR_MBS
	33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH in a slot
	1. Support of FDM between one unicast PDSCH and one group-common PDSCH in a slot.
1. The maximum TB size supported in a slot
	33-1, 33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	
	Optional with capability signalling

	33. NR_MBS
	33-3-2a
	ACK/NACK feedback multiplexing for FDM-ed unicast PDSCH and one group-common PDSCH
	Support of FDM-ed ACK/NACK-based HARQ-ACK codebook for unicast and group-common PDSCH in a slot.
	33-3-2

	Yes
	
	
	Per FSPC
	NA
	NA
	
	Values = {Type-1 HARQ-ACK codebook only, Type-2 HARQ-ACK codebook only, both}
	Optional with capability signalling



FG33-3-3 for intra-slot TDMed unicast and group-common PDSCH
Similar rationale for the update for FG33-3-2, the maximum TBS size supported in a slot should be reported and reasonable to add another feature group for the ACK/NACK based feedback multiplexing for the TDMed scheduling. 
In addition, one agreement regarding Type-1 HARQ-ACK codebook generation for TDM-ed unicast and multicast based on the intersection of k1 values of unicast and multicast as UE capability was not reflected.
	Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions can be configured between the following alternatives from the previous agreement:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Support of Alt. 1 is a UE capability




Proposal 6: Updating FG33-3-3 and adding FG33-3-3a/3b as follows in red:
	33. NR_MBS
	33-3-3
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH for multicast
	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).
6. The maximum TB size supported in a slot
	33-1, 33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	Candidate values:
For component 2: values of M = {2, 3…,7};
For component 3: values of N= {2, 3…,7};
For component 4: values of (K, L)= {(2,3),(3,2),(2,4), (4,2)…}
	Optional with capability signalling

	33. NR_MBS
	33-3-3a
	ACK/NACK feedback multiplexing for intra-slot TDM-ed unicast PDSCH and one group-common PDSCH based on the union of K1 sets
	Support of TDM-ed ACK/NACK-based HARQ-ACK codebook for M>= 1 unicast and N>=1 multicast in a slot.
Note: 
For Type-1 HARQ-ACK codebook, it is based on the union of K1 sets for unicast and multicast.
	33-3-3
	
	
	
	Per FSPC
	N/A
	N/A
	
	Values = {Type-1 HARQ-ACK codebook only, Type-2 HARQ-ACK codebook only, both}
	Optional with capability signalling

	33. NR_MBS
	33-3-3b
	ACK/NACK feedback multiplexing for intra-slot TDM-ed unicast PDSCH and one group-common PDSCH based on the intersection of K1 sets
	Support of TDM-ed ACK/NACK-based HARQ-ACK codebook for M>= 1 unicast and N>=1 multicast in a slot.
Note: 
For Type-1 HARQ-ACK codebook, it is based on the intersection of K1 sets for unicast and multicast.
	33-3-3
	
	
	
	Per FSPC
	N/A
	N/A
	
	Values = {Type-1 HARQ-ACK codebook only, Type-2 HARQ-ACK codebook only, both}
	Optional with capability signalling



[bookmark: _Ref129681832]FG33-5-1/2 for multicast SPS
The following agreements achieved in RAN1#106bis-e and RAN1#107-e are not (completely) reflected in the UE feature groups for multicast SPS. 
	Agreement
For multicast in RRC_CONNECTED state, 
· Only SPS-Config-Multicast(s) configured in CFR for multicast can be activated/deactivated by GC-PDCCH with G-CS-RNTI.
· SPS-Config-Multicast(s) configured in CFR for multicast cannot be activated by unicast PDCCH with CS-RNTI, but can be deactivated by unicast PDCCH with CS-RNTI.
Agreement:
For slot-level repetition for SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Config A or Config B can be configured to UE:
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per SPS-Config-Multicast.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Multicast. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same SPS group-common PDSCH.
· For Config A, if pdsch-AggregationFactor in SPS-Config-Multicast is not configured, default value is
· Alt1: equal to 1.
Agreement
For multicast SPS activation/deactivation, only ACK/NACK based feedback is supported.

Agreement
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]For multicast SPS PDSCH without PDCCH scheduling, support the following:
· RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI for multicast SPS activation. 
· The configuration is per G-CS-RNTI.
· Separate UE capability is needed from that for dynamic scheduling for multicast. 
· RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled. 
· The configuration is per G-CS-RNTI. 



Similar to MBS broadcast FG33-1 and multicast FG33-2, support of slot-level repetition for SPS group-common PDSCH can be the component of FG33-5-1. Support of NACK-only based HARQ-ACK feedback for multicast SPS group-common PDSCH without PDCCH scheduling, support of PTM retransmission for multicast SPS, and support of enabling/disabling NACK-only based HARQ-ACK feedback per configuration of RRC signaling  can be the components of FG33-5-1. 
Support of DCI format  4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling can be a separate UE capability. Support of ACK/NACK based HARQ-ACK feedback for multicast SPS group-common PDSCH without PDCCH scheduling, support of enabling/disabling ACK/NACK based HARQ-ACK feedback for multicast SPS scheduling per the configuration of RRC signaling, and support of PTP retransmission for multicast SPS can be defined as an additional UE feature group for multicast SPS. 
Support of enabling/disabling HARQ-ACK feedback in the group-common DCI for multicast SPS activation per the configuration of RRC signaling for each G-CS-RNTI can be a separate UE capability with either FG33-5-1 or FG33-5-1b as prerequisite UE feature. 
Support of  SPS group-common PDSCH deactivated by unicast PDCCH with CS-RNTI can be a separate UE capability. Support of one or more multicast SPS activated with N multicast SPS configurations can be in different UE feature groups. 
Proposal 7: Updating FG33-5-1/2, adding FG33-5-1a/1b/1c/1d/2b as follows in red:
	33. NR_MBS
	33-5-1
	SPS group-common PDSCH for multicast
	1. Support of one SPS group-common PDSCH configuration for multicast.
1. Support of one SPS group-common PDSCH activated/deactivated by group-common PDCCH scrambled with G-CS-RNTI.
1. Support of DCI format 4_1 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling.
1. Support of ACK/NACK based feedback for multicast SPS activation/deactivation. 
1. Support of NACK-only based HARQ-ACK feedback for multicast SPS group-common PDSCH without PDCCH scheduling.
1. Support of PTM retransmission for multicast SPS.
1. Support of enabling/disabling NACK-only based HARQ-ACK feedback per configuration of RRC signaling.
1. Support of slot-level repetition for SPS group-common PDSCH.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1a
	Multicast SPS scheduled by DCI format 4_2
	Support of DCI format  4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1b
	ACK/NACK based HARQ-ACK feedback for multicast SPS
	1. Support of ACK/NACK based HARQ-ACK feedback for multicast SPS group-common PDSCH without PDCCH scheduling.
2. Support of enabling/disabling ACK/NACK based HARQ-ACK feedback for multicast SPS scheduling per the configuration of RRC signaling 
3. Support of PTP retransmission for multicast SPS.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1c
	Group-common DCI indicating the enabling/disabling HARQ-ACK feedback for multicast SPS
	Support of enabling/disabling HARQ-ACK feedback in the group-common DCI for multicast SPS activation per the configuration of RRC signaling for each G-CS-RNTI.
	33-5-1,
33-5-1b
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1d
	Multicast SPS deactivated by unicast PDCCH
	Support of  SPS group-common PDSCH deactivated by unicast PDCCH with CS-RNTI.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-2
	Multiple SPS group-common PDSCH configuration with one activated
	1. Support [N>1] SPS group-common PDSCH configuration for multicast
2. Support of one SPS group-common PDSCH activated/deactivated by GC-PDCCH with G-CS-RNTI
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-2b
	Multiple SPS group-common PDSCH configuration with multiple activated
	1. Support [N>1] SPS group-common PDSCH configuration for multicast
2. Support [N>=M>1] activated SPS group-common PDSCH configurations among the N SPS group-common PDSCH configurations per CFR for multicast
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



FG33-6-1/2/3 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. Therefore, separating UE capabilities of supporting priority configuration from supporting priority indication included in DCI format does not seem necessary. 
For multicast SPS scheduling, the priority index is configured together with the configuration for SPS. There could be an UE capability of support of priority configuration for multicast SPS but it is not needed to have a capability defined for support of priority indicator field in the DCI format just for multicast SPS scheduling. 
Proposal 8: Updating FG33-6-1/2/3, adding FG33-6-1a as follows in red:
	33. NR_MBS
	33-6-1
	DL priority indication in DCI for multicast dynamic scheduling
	Support of priority indicator field configured in DCI format 4_2 with CRC scrambled with G-RNTI for multicast dynamic scheduling.
	33-2-1,
33-2-2,
	Yes
	
	
	Per UE
	No
	No
	
	Notes: 
-	Two priority indexes are introduced for multicast, with index 0 meaning low priority and index 1 meaning high priority.
-	The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback.
	Optional with capability signalling

	33. NR_MBS
	33-6-1a
	DL priority configuration for multicast SPS scheduling
	Support of priority index configuration for multicast SPS scheduling.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	Notes: 
-	Two priority indexes are introduced for multicast, with index 0 meaning low priority and index 1 meaning high priority.
-	The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback.
	Optional with capability signalling

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

	33. NR_MBS
	33-6-3
	More than one PUCCH for ACK/NACK based 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.
	33-6-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution provides our views of UE features for Rel-17 NR MBS with the proposals summarized as follows:
[bookmark: _GoBack]Proposal 1: Define an independent Rel-17 UE capability of supporting 32 HARQ process numbers.  
Proposal 2: Updating FG33-1 and adding FG33-1-1 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 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 semi-static rate-matching resource set configuration.
9. Support of rate-matching around LTE CRS.
10. Support of semi-static configured slot-level repetition for group-common PDSCH
	
	No Yes
	
	
	Per UE
	No
	No
	
	
	Optional without with capability signalling

	33. NR_MBS
	33-1-1
	Broadcast
	Support an additional dedicated HARQ process for receiving MBS broadcast.
	33-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



Proposal 3: Updating FG33-2, adding FG33-2-1, FF33-2-2, FG33-2-3, deleting FG33-2b, deleting FG33-3-1, deleting FG33-4, and deleting FG33-7 as follows in red: 
	33. NR_MBS
	33-2
	Dynamic scheduling for multicast
	1. Support of group-common PDCCH/PDSCH with CRC scrambled by G-RNTI.
2. Support of CFR configuration for multicast.
3. Support of CORESET and common search space configuration for multicast.
4. Support of DCI format 4_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 of semi-static configured slot-level repetition for group-common PDSCH
7. Support of NACK-only based feedback for dynamic multicast scheduling
8. Support of enabling/disabling NACK-only based HARQ-ACK feedback per configuration of RRC signaling.
9. Support of PTM retransmission for dynamic multicast scheduling
	
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-2-1
	Dynamic scheduling for multicast by DCI format 4_2
	Support of DCI format  4_2 with CRC scrambled with G-RNTI for multicast.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-2-2
	ACK/NACK-based feedback for dynamic scheduling for multicast 
	1. Support of ACK/NACK based feedback for multicast dynamic scheduling.
2. Support of enabling/disabling ACK/NACK based HARQ-ACK feedback configured by RRC signaling for dynamic scheduling of multicast.

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

	33. NR_MBS
	33-2-3
	PTP transmission for PTM HARQ retransmission
	Support of PTP transmission for PTM HARQ retransmission for dynamic scheduling

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

	33. NR_MBS
	33-2-4
	Group-common DCI indicating the enabling/disabling HARQ-ACK feedback for dynamic scheduling
	Support of DCI-based enabling/disabling HARQ-ACK feedback per configuration of RRC signaling for each G-RNTI.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	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
	33-2a
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	33-3-1
	Slot-level repetition for group-common PDSCH
	1. Support slot-level repetition for group-common PDSCH for multicast.
FFS whether to split FG 33-1-1 into two FGs for semi-static slot-level repetition and dynamic slot-level repetition
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	33-4
	NACK-only based HARQ-ACK feedback for multicast
	1. Support NACK-only based HARQ-ACK feedback.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



	33. NR_MBS
	33-7
	Supporting group-common DCI indicating the enabling/disabling [ACK/NACK based] HARQ-ACK feedback
	1. Supports the function of group-common DCI indicating the enabling/disabling [ACK/NACK based] HARQ-ACK feedback
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



Proposal 4: Updating FG33-2-x as follows in red: 
	33. NR_MBS
	33-2-x
	Multiple G-RNTIs for group-common PDSCHs
	1. The maximum number of G-RNTIs supported for multicast. FFS detailed values. 
2. Indication of whether the maximum number of G-RNTIs supported for multicast is to be added to the maximum number of supported RNTIs without multicast operation, or to be subtracted from the maximum number of supported RNTIs without multicast operation. 
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



Proposal 5: Updating FG33-3-2 and adding FG33-3-2a as follows in red:
	33. NR_MBS
	33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH in a slot
	1. Support of FDM between one unicast PDSCH and one group-common PDSCH in a slot.
2. The maximum TB size supported in a slot
	33-1, 33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	
	Optional with capability signalling

	33. NR_MBS
	33-3-2a
	ACK/NACK feedback multiplexing for FDM-ed unicast PDSCH and one group-common PDSCH
	Support of FDM-ed ACK/NACK-based HARQ-ACK codebook for unicast and group-common PDSCH in a slot.
	33-3-2

	Yes
	
	
	Per FSPC
	NA
	NA
	
	Values = {Type-1 HARQ-ACK codebook only, Type-2 HARQ-ACK codebook only, both}
	Optional with capability signalling



Proposal 6: Updating FG33-3-3 and adding FG33-3-3a/3b as follows in red:
	33. NR_MBS
	33-3-3
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH for multicast
	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).
6. The maximum TB size supported in a slot
	33-1, 33-2
	Yes
	
	
	Per FSPC
	NA
	NA
	
	Candidate values:
For component 2: values of M = {2, 3…,7};
For component 3: values of N= {2, 3…,7};
For component 4: values of (K, L)= {(2,3),(3,2),(2,4), (4,2)…}
	Optional with capability signalling

	33. NR_MBS
	33-3-3a
	ACK/NACK feedback multiplexing for intra-slot TDM-ed unicast PDSCH and one group-common PDSCH based on the union of K1 sets
	Support of TDM-ed ACK/NACK-based HARQ-ACK codebook for M>= 1 unicast and N>=1 multicast in a slot.
Note: 
For Type-1 HARQ-ACK codebook, it is based on the union of K1 sets for unicast and multicast.
	33-3-3
	
	
	
	Per FSPC
	N/A
	N/A
	
	Values = {Type-1 HARQ-ACK codebook only, Type-2 HARQ-ACK codebook only, both}
	Optional with capability signalling

	33. NR_MBS
	33-3-3b
	ACK/NACK feedback multiplexing for intra-slot TDM-ed unicast PDSCH and one group-common PDSCH based on the intersection of K1 sets
	Support of TDM-ed ACK/NACK-based HARQ-ACK codebook for M>= 1 unicast and N>=1 multicast in a slot.
Note: 
For Type-1 HARQ-ACK codebook, it is based on the intersection of K1 sets for unicast and multicast.
	33-3-3
	
	
	
	Per FSPC
	N/A
	N/A
	
	Values = {Type-1 HARQ-ACK codebook only, Type-2 HARQ-ACK codebook only, both}
	Optional with capability signalling



Proposal 7: Updating FG33-5-1/2, adding FG33-5-1a/1b/1c/1d/2b as follows in red:
	33. NR_MBS
	33-5-1
	SPS group-common PDSCH for multicast
	1. Support of one SPS group-common PDSCH configuration for multicast.
2. Support of one SPS group-common PDSCH activated/deactivated by group-common PDCCH scrambled with G-CS-RNTI.
3. Support of DCI format 4_1 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling.
4. Support of ACK/NACK based feedback for multicast SPS activation/deactivation. 
5. Support of NACK-only based HARQ-ACK feedback for multicast SPS group-common PDSCH without PDCCH scheduling.
6. Support of PTM retransmission for multicast SPS.
7. Support of enabling/disabling NACK-only based HARQ-ACK feedback per configuration of RRC signaling.
8. Support of slot-level repetition for SPS group-common PDSCH.
	33-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1a
	Multicast SPS scheduled by DCI format 4_2
	Support of DCI format  4_2 with CRC scrambled with G-CS-RNTI for multicast SPS scheduling.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1b
	ACK/NACK based HARQ-ACK feedback for multicast SPS
	4. Support of ACK/NACK based HARQ-ACK feedback for multicast SPS group-common PDSCH without PDCCH scheduling.
5. Support of enabling/disabling ACK/NACK based HARQ-ACK feedback for multicast SPS scheduling per the configuration of RRC signaling 
6. Support of PTP retransmission for multicast SPS.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1c
	Group-common DCI indicating the enabling/disabling HARQ-ACK feedback for multicast SPS
	Support of enabling/disabling HARQ-ACK feedback in the group-common DCI for multicast SPS activation per the configuration of RRC signaling for each G-CS-RNTI.
	33-5-1,
33-5-1b
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-1d
	Multicast SPS deactivated by unicast PDCCH
	Support of  SPS group-common PDSCH deactivated by unicast PDCCH with CS-RNTI.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-2
	Multiple SPS group-common PDSCH configuration with one activated
	3. Support [N>1] SPS group-common PDSCH configuration for multicast
4. Support of one SPS group-common PDSCH activated/deactivated by GC-PDCCH with G-CS-RNTI
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling

	33. NR_MBS
	33-5-2b
	Multiple SPS group-common PDSCH configuration with multiple activated
	3. Support [N>1] SPS group-common PDSCH configuration for multicast
4. Support [N>=M>1] activated SPS group-common PDSCH configurations among the N SPS group-common PDSCH configurations per CFR for multicast
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling



Proposal 8: Updating FG33-6-1/2/3, adding FG33-6-1a as follows in red:
	33. NR_MBS
	33-6-1
	DL priority indication in DCI for multicast dynamic scheduling
	Support of priority indicator field configured in DCI format 4_2 with CRC scrambled with G-RNTI for multicast dynamic scheduling.
	33-2-1,
33-2-2,
	Yes
	
	
	Per UE
	No
	No
	
	Notes: 
-	Two priority indexes are introduced for multicast, with index 0 meaning low priority and index 1 meaning high priority.
-	The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback.
	Optional with capability signalling

	33. NR_MBS
	33-6-1a
	DL priority configuration for multicast SPS scheduling
	Support of priority index configuration for multicast SPS scheduling.
	33-5-1
	Yes
	
	
	Per UE
	No
	No
	
	Notes: 
-	Two priority indexes are introduced for multicast, with index 0 meaning low priority and index 1 meaning high priority.
-	The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback.
	Optional with capability signalling

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

	33. NR_MBS
	33-6-3
	More than one PUCCH for ACK/NACK based 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.
	33-6-2
	Yes
	
	
	Per UE
	No
	No
	
	
	Optional with capability signalling
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