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Introduction
The following MBS capability aspects are discussed in this contribution:
· Broadcast and multicast capability
· Multiple G-RNTIs/G-CS-RNTIs
· Combinations of DL types
· Broadcast reception in connected mode
[bookmark: _Toc242573354]Background
RAN1/RAN2 agreements
The RAN1/RAN2 agreements for MBS can be found in the status reports [1-6].
RAN1 UE features
The RAN1 UE features for MBS include [7]: 
	Index
	Feature group
	Prerequisite 
	Mandatory/Optional

	33-1
	Broadcast
	
	Optional without capability signalling

	33-2
	Dynamic scheduling for multicast
	
	Optional with capability signalling

	33-2b
	DCI-based enabling/disabling ACK/NACK-based feedback for dynamic scheduling for multicast
	33-2a
	Optional with capability signalling

	33-2-x
	Multiple G-RNTIs for group-common PDSCHs
	33-2
	Optional with capability signalling

	33-3-1
	Slot-level repetition for group-common PDSCH
	33-2
	Optional with capability signalling

	33-3-2
	FDM-ed unicast PDSCH and group-common PDSCH
	33-1, 33-2
	Optional with capability signalling

	33-3-3
	Intra-slot TDM-ed unicast PDSCH and group-common PDSCH
	33-1, 33-2
	Optional with capability signalling

	33-4
	NACK-only based HARQ-ACK feedback for multicast
	33-2
	Optional with capability signalling

	33-5-1
	SPS group-common PDSCH for multicast
	33-2
	Optional with capability signalling

	33-5-2
	Multiple SPS group-common PDSCH configuration
	33-2
	Optional with capability signalling

	33-6-1
	DL priority indication for multicast in DCI
	33-2
	Optional with capability signalling

	33-6-2
	Two HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities for multicast or for unicast and multicast at a UE.
	33-6-1
	Optional with capability signalling

	33-6-3
	More than one PUCCH for HARQ-ACK transmission for multicast or for unicast and multicast within a slot
	33-6-1, 33-6-2
	Optional with capability signalling

	33-7
	Supporting group-common DCI indicating the enabling/disabling [ACK/NACK based] HARQ-ACK feedback
	33-2
	Optional with capability signalling


Most of the capabilities above are purely L1 capabilities which are not further discussed in this contribution.
Discussion
Broadcast and multicast capability
RAN1 agreed to have separate capabilities for Broadcast (without signalling) and Multicast (with signalling) [7].
As a general assumption RAN2 can assume that when the UE signals MBS Interest Indication, MII message, one can also assume that the UE implicitly indicates to support Broadcast in connected mode.
Proposal 1 [bookmark: _Toc92784142] Introduce optional UE capability for broadcast (without capability signalling) and multicast (with capability signalling) as suggested by RAN1
Multiple G-RNTIs/G-CS-RNTIs
RAN2 agreed to support 1:1 and 1:N mapping of G-RNTI to MBS session(s):
One-to-one mapping between G-RNTI and MBS session is supported in NR MBS. Other mappings FFS 
One-to-one mapping between G-CS-RNTI and MBS session is supported in NR MBS. Other mappings FFS.
A UE can support multiple G-RNTIs/G-CS-RNTIs, It is FFS whether this depends on UE capability. Inform RAN1 of this agreement.
one-to-many mapping between G-RNTI and MBS sessions is supported and it is assumed that this does not introduce additional specification work.
This constitutes in:
· Broadcast:
· Idle/Inactive: NW does not need to know if UE can/is receiving receive multiple BC sessions at the same time. 
· NOTE: it is left to UE implementation when UE wants to receive multiple session provided on different frequencies
· Connected: via MII signalling the UE indicates the BC session(s) it is interested to receive, i.e. implicit capability signalling
· Multicast:
· Connected: the TMGI's of the MC sessions the UE has joined are added to the UE context, which enables the NW to configure with MRB(s) to receive these MC sessions
If we look at what has been specified for MBMS:
36.331:
MBMS:
In this release of the specification, an MBMS capable UE is only required to support reception of a single MBMS service at a time, and reception of more than one MBMS service (also possibly on more than one MBSFN area) in parallel is left for UE implementation.
SC-PTM:
In this release of the specification, an SC-PTM capable UE is only required to support reception of a single MBMS service at a time, and reception of more than one MBMS service in parallel is left for UE implementation.

36.306:
[bookmark: _Toc29241505][bookmark: _Toc37152974][bookmark: _Toc37236912][bookmark: _Toc46494079][bookmark: _Toc52534973][bookmark: _Toc76426117]4.3.22.1	scptm-ParallelReception-r13
This parameter defines whether UEs supporting SC-PTM support the parallel reception of DL-SCH transport block(s) associated with G-RNTI/SC-RNTI and DL-SCH transport block(s) associated with C-RNTI/Semi-Persistent Scheduling C-RNTI as well as the parallel reception of multiple DL-SCH transport blocks associated with G-RNTI/SC-RNTI in the same subframe. In SC-PTM operation, the DL-SCH processing capability is shared between the DL-SCH transport block(s) associated with G-RNTI/SC-RNTI and the DL-SCH transport block(s) associated with C-RNTI/Semi-Persistent Scheduling C-RNTI. A UE that supports scptm-ParallelReception-r13 shall also support SC-PTM reception in RRC_CONNECTED and in RRC_IDLE according to SC-PTM procedures as specified in TS 36.331 [5], TS 36.321 [4] and TS 36.304 [14].

For public safety (MCPTT) there can be multiple concurrent sessions, e.g. voice, video and/or data session. And for other use cases concurrent sessions cannot be excluded either. In LTE reception of concurrent MBMS sessions/services was left to UE implementation: 
In this release of the specification, an MBMS capable UE is only required to support reception of a single MBMS service at a time, and reception of more than one MBMS service (also possibly on more than one MBSFN area) in parallel is left for UE implementation.
In NR the UE can join more than one multicast (MC) session at the same time, and the NW can transmit multiple MC sessions at the same time. Some UEs (e.g. MCPTT) should be capable to receive concurrent MC sessions, but support of concurrent sessions may depend on the UE capability, i.e. the UE capability to monitor and receive multiple G-RNTIs in the same slot. 
In case there is a 1:N mapping of G-RNTI to MBS session, then the MBS UE (naturally) supports concurrent sessions that are mapped onto the same GRNTI. However some restrictions may apply when a 1:N mapping can be used: the possibility to map multiple sessions onto the same GRNTI, which share the same MBS DRX (e.g. DRX periodicity), may depend on whether these sessions share the same QoS (unless the session with the tightest QoS determines the minimum requirements which may not be efficient). Furthermore a UE may not be interested to receive all the sessions that are mapped onto the same GRNTI:
Observation: The MBS UE supports concurrent sessions in case multiple MBS sessions are mapped onto the same GRNTI, however restrictions may apply when a 1:N mapping can be used. 
However, the support of concurrent sessions should not rely on a 1:N mapping, i.e. concurrent sessions should also be supported with a 1:1 mapping: 
Proposal 2 [bookmark: _Toc92784143]Support of concurrent sessions by the UE does not rely on 1:N mapping of G-RNTI to MBS session.
Currently the maximum number of DRBs the UE supports is 16. It can be assumed that for supporting MBS, these legacy capabilities, including the limitations given by PDCP duplication (max 8) will remain. With MBS in addition, it is unclear if there are use cases where additional RB support capacity is required. An increase would lead to an increase in L2 memory and processing and complexity in bearer handling and configuration. In view of this, the current defined max RB should be sufficient (without new signalling) and that only capability signaling for additional supported RB is needed. Note that there may be some consideration needed for the support of Split MRB, and if this would be analogue to the RB limitation given by legacy PDCP duplication.
Proposal 3 [bookmark: _Toc92784144]The current max. no. RBs apply to the combination of MBS and Unicast
Proposal 4 [bookmark: _Toc92784145]Capability with signalling is used for additional max RB support.
RAN2 is considering MBS DRX per G-RNTI (e.g. drx-LongCycle, drx-StartOffset and drx-onDurationTimer) which implies that the UE will monitor the G-RNTI during the Active Time of the G-RNTI DRX configuration. The configured onDurations for different G-RNTIs may or may not overlap, but the Active Time of different G-RNTIs will overlap. In case the UE supports concurrent sessions, the UE shall be capable to monitor multiple G-RNTIs in a single slot:
Proposal 5 [bookmark: _Toc92784146]A UE that supports concurrent MBS sessions scheduled via G-RNTI/G-SC-RNTI shall be able to monitor multiple G-RNTIs/G-CS-RNTI per slot.
The NW can schedule MBS sessions with different G-RNTIs in different slots[footnoteRef:2]. For traffic that is scheduled via G-CS-RNTI the NW can configure DRX patterns that are not overlapping w.r.t. the OnDuration to ensure scheduling availability. [2:  UE capability to receive MBS data via multiple G-RNTIs in the same slot does not work for group scheduling unless all UEs in the group support the capability. ] 

Combinations of DL types
In 38.202 the possible of physical channels that can be received simultaneously in the downlink by one UE are described. 
[bookmark: _Hlk65227817]The UE requirements for simultaneous reception of PDSCH in DL are specified in section 6.2 in TS 38.202, i.e. for "reception types" B (SI-message), C1 (Paging message), D0 (MSG4) and D1 (unicast). 
The MBS PDSCH RNTI reception types (MTCH GRNTI and MCCH MCCH-RNTI) need to be added and Via (optional) UE capability the UE indicates the number of PDSCHs it can receive in a slot (38.306, 38.331), i.e. up to 2, 4 or 7: 
    pdsch-ProcessingType1-DifferentTB-PerSlot SEQUENCE {
        scs-15kHz           ENUMERATED {upto2, upto4, upto7}                  OPTIONAL,
        scs-30kHz           ENUMERATED {upto2, upto4, upto7}                  OPTIONAL,
        scs-60kHz           ENUMERATED {upto2, upto4, upto7}                  OPTIONAL,
        scs-120kHz          ENUMERATED {upto2, upto4, upto7}                  OPTIONAL
    }                                                                         OPTIONAL,
We think that it is reasonable to assume that legacy DL combination types are not impacted when the UE support MBS to avoid impact on legacy features like paging and system information: 
Proposal 6 [bookmark: _Toc92784147]RAN2 assumes as a Working assumption that legacy DL combination types, i.e. Paging and System information, are not impacted when UE supports MBS. 
[bookmark: _Hlk90971295]38.202: R1-2112960
Table 6.2-1: Downlink "Reception Types"
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel
	Comment

	A
	PBCH
	N/A
	BCH
	

	B
	PDCCH+PDSCH
	SI-RNTI
	DL-SCH
	Note 1

	C0
	PDCCH
	P-RNTI
	N/A
	Note 1, Note 2

	C1
	PDCCH+PDSCH
	P-RNTI
	PCH
	Note 1

	D0
	PDCCH+PDSCH
	RA-RNTI or Temporary C-RNTI or  MsgB-RNTI
	DL-SCH
	Note 3

	D1
	PDCCH+PDSCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D2
	PDCCH
	C-RNTI, CS-RNTI, MCS-C-RNTI
	DL-SCH
	

	D3	Comment by AlexM - Qualcomm: Agreement:
For initializing scrambling sequence generator for GC-PDSCH scheduled by the second DCI format for multicast received in Type-x CSS, 
 equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in PDSCH-Config in a CFR used for GC-PDSCH and the RNTI equals the G-RNTI or G-CS-RNTI;  otherwise.
 corresponds to the RNTI associated with the GC-PDSCH transmission (i.e., the G-RNTI used by the scheduling GC-PDCCH, or the G-CS-RNTI used by the SPS GC-PDSCH activation PDCCH)



	PDCCH+PDSCH
	G-RNTI, G-CS-RNTI
	DL-SCH
	Note 6

	D4
	PDCCH
	G-CS-RNTI
	N/A
	Note 7

	D5
	PDCCH+PDSCH
	MCCH-RNTI
	DL-SCH
	Note 8	Comment by AlexM - Qualcomm: Agreement: 
For initializing scrambling sequence generator for GC-PDSCH for MCCH/MTCH for broadcast, 
 equals the higher layer parameter dataScramblingIdentityPDSCH if it is configured in a CFR used for GC-PDSCH for MCCH/MTCH and the RNTI equals the G-RNTI or MCCH-RNTI;  otherwise.
 corresponds to the RNTI associated with the GC-PDSCH transmission.


	D6
	PDCCH+PDSCH
	G-RNTI
	DL-SCH
	Note 9

	E
	PDCCH
	C-RNTI
	N/A
	Note 4

	

	N
	PDCCH
	PS-RNTI
	N/A
	

	O
	PDCCH
	AI-RNTI
	N/A
	

	Note 1:	These are received from PCell only.
Note 2:	In some cases UE is only required to monitor the short message within the DCI for P-RNTI.
Note 3:	These are received from PCell or PSCell.
Note 4:	This corresponds to PDCCH-ordered PRACH. 
Note 5:	This corresponds to PDCCH scheduling LTE PC5.
Note 6:      This is for multicast in RRC connected state i
Note 7:      This corresponds to DL Semi-Persistent Scheduling release for multicast in RRC connected state.
Note 8:      This is for broadcast MCCH 
Note 9:      This is for broadcast MTCH



Table 6.2-2: Downlink "Reception Type" combinations
	Supported Combinations 	Comment by AlexM - Qualcomm: Editor Note: Needs further discussion in which scenarios D5 and D6 are applicable.
	Comment

	PCell
	PSCell
	SCell
	

	1. RRC_IDLE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	2. RRC_INACTIVE

	A + (B and/or C1 and/or D0) + F0
	
	
	Note 1

	3. RRC_CONNECTED

	(A + C0 + (B and/or (D0 or (m1*D1+m2*D2+m3*D3+m4*D4))) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + L0 + L1 + M + N) 	Comment by AlexM - Qualcomm: Agreements:
For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.

	(A + (D0 or (m1*D1+m2*D2)) + E + F0 + n*F1 + G + H + J0 + J1 + J2 + K + O + N) 
	m1*D1 + m2*D2  + E + n*F1 + G + H 
+ J0 + J1 + J2 + K + O + L0 + L1 + M
	Note 2, Note 3, Note 4, Note 5, Note 6, Note 7, Note 8, Note 9

	Note 1:	UE is not required to decode more than two PDSCH simultaneously, and decoding prioritization when more than two are received is up to UE implementation.
Note 2:	For PCell, UE is not required to decode SI-RNTI PDSCH simultaneously with C-RNTI PDSCH, unless in FR1.
Note 3:	Supported combinations are subject to UE capabilities for dual connectivity, carrier aggregation, receiving of group TPC commands, pre-emption indication and dynamic SFI monitoring.
Note 4:	The values of m2 ≥ 0 and n≥ 0 in the supported combinations are subject to the UE capability. 
Note 5:	Support of monitoring PDCCH with SL-RNTI, SL-CS-RNTI, SL Semi-Persistent Scheduling V-RNTI are subject to UE capability. 
Note 6:	The values of m1 ≥ 1 in the supported combinations are subject to the UE capability. 
Note 7:	In Active time, a UE is not expected to monitor the DCI format for the PDCCH scrambled by PS-RNTI.
Note 8:	The PDCCH scrambled by PS-RNTI can only be configured on the PCell and PSCell.
Note 9:      The values of m3 ≥ 0 and m4≥0 are subject to UE capability and applicable to RRC connected UEs



	33-3-2
	FDM-ed unicast PDSCH and group-common PDSCH
	1. Support FDM between one unicast PDSCH and one group-common PDSCH in a slot.
1. Support FDM-ed Type-1 HARQ-ACK codebook for multicast.
1. Support FDM-ed Type-2 HARQ-ACK codebook for multicast.
FFS whether/how to separate the capability for HARQ-ACK codebook

	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).
6. Support TDM-ed Type-1 HARQ-ACK codebook for multicast.
7. Support TDM-ed Type-2 HARQ-ACK codebook for multicast.
FFS whether/how to separate the capability for HARQ-ACK codebook



[bookmark: _Toc242573360]Summary
Proposal 1	Introduce optional UE capability for broadcast (without capability signalling) and multicast (with capability signalling) as suggested by RAN1
Proposal 2	Support of concurrent sessions by the UE does not rely on 1:N mapping of G-RNTI to MBS session.
Proposal 3	The current max. no. RBs apply to the combination of MBS and Unicast
Proposal 4	Capability with signalling is used for additional max RB support.
Proposal 5	A UE that supports concurrent MBS sessions scheduled via G-RNTI/G-SC-RNTI shall be able to monitor multiple G-RNTIs/G-CS-RNTI per slot.
Proposal 6	RAN2 assumes as a Working assumption that legacy DL combination types, i.e. Paging and System information, are not impacted when UE supports MBS.
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