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1 Introduction
Discussion on the enhancements of NR Multicast and Broadcast Services had been ignited since RAN2#119-e meeting. Up to now, all essential stage 2/3 issues were finalized and the general framework of multicast reception in RRC INACTIVE was established. Thus, we think it is an appropriate time to start the discussion on UE capability of eMBS that have not been discussed. 
In this contribution, we would like to share our consideration of UE capability of eMBS. Hopefully, the proposed baseline capabilities can be used as the starting point of the subsequent discussion. 
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
In past RAN2 meeting, the following agreements related to eMBS capability aspect were achieved:   
	RAN2#122 Agreement:
The granularity for capability of receiving MBS broadcast from a non-serving cell is at FeatureSetDownlinkPerCC level. This capability does not imply simultaneous reception on multiple CCs. 
RAN2#123 Agreement:
Allow configuration of drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM for INACTIVE UEs (38.331).
UE receiving MBS multicast in RRC_INACTIVE should start drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM when reception of the transport block has not been successful. FFS the details, e.g. when the timers are started exactly.
This is optional UE capability.


Regarding the capability of starting the drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM for PTM retransmission in RRC_INACTIVE, we assume this capability is per UE level (belonging to MAC parameter). Our understanding is that the operation of those timers is specified in MAC spec and the RRC_INACTIVE is able to have the PTM retransmission without sending any HARQ feedback (which is a per BC capability in Rel-17). In this sense, the additional UE work is to operate the timer for PDCCH monitoring (which is instead related to the general capability of multicast reception in RRC_IANCTIVE). Thus, it seems efficient to go with per UE granularity and no xDD/FRx DIFF. 
Proposal 1: In eMBS, the capability of starting drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM is per UE, no FDD-TDD DIFF, and no FR1-FR2 DIFF.
In the following, we will only focus on the potential capability of multicast repetition in RRC INACTIVE that have not been endorsed. Given that the general framework (e.g. multicast MCCH, multicast G-RNTI scheduling) of multicast repetition in RRC INACTIVE is inherited from Rel-17 MBS, so we would like to first review R17 MBS capability and feature [1]-[2], and then baseline capabilities of eMBS are proposed for followed running CRs into TS 38.331 and TS 38.306. 
2.1	Overview of R17 MBS capability and feature 
All Rel-17 MBS capabilities and features are summarised in Table 1 with an initial analysis.
Table.1 Summary and analysis of Rel-17 MBS capabilities and features
	Capability / Feature
	Description
	Characterist
	Analysis for eMBS

	Broadcast aspect

	Broadcast reception (L1&L2)
	Support of broadcast reception via group scheduling on CFR with MCCH notification and broadcast DRX.
	Optional without capability
	MCCH related components are needed for eMBS
FFS the minimum capability component (e.g. minimum number of supported MRB)

	dci-BroadcastWith16Repetitions
	Support of up to 16 times dynamic slot-level repetition for broadcast MTCH.
	Optional, per FeatureSetDownlinkPerCC
	Not needed (reuse corresponding multicast repetition capability)

	fdm-BroadcastUnicast
	Support of FDM between one unicast PDSCH and one group-common PDSCH for broadcast in RRC CONNECTED mode in a slot.
	Optional, per FeatureSetDownlinkPerCC
	Not needed (broadcast is out of scope)

	broadcastSCell
	Support of broadcast reception on a SCell, configured on one frequency indicated in MBSInterestIndication message. 
	Optional, per FeatureSetDownlinkPerCC
	Not needed (SCell is not supported in RRC INACTIVE mode)

	Multicast aspect

	dynamicMulticastPCell
	Support of basic multicast reception via group scheduling on CFR with  multicast DRX.
	Optional, per FeatureSetDownlink
	All components are needed for eMBS

	ack-NACK-FeedbackForMulticast
	Support of ACK/NACK based HARQ-ACK feedback for multicast
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode and HARQ feedback based PTM retransmission is not used in RRC INACTIVE mode)

	ack-NACK-FeedbackForMulticastWithDCI-Enabler
	Support of DCI-based enabling/disabling ACK/NACK based HARQ-ACK feedback for multicast
	Optional, per Band
	Not needed (no feedback in RRC INACTIVE mode)

	ptp-Retx-Multicast
	Support of PTP retransmission for multicast
	Optional, per BandCombination
	Not needed (no PTP reception in RRC INACTIVE mode)

	maxNumberG-RNTI
	Supported maximum number of G-RNTI for multicast 
	Optional, per Band
	This capability can be reused for eMBS (i.e. this capability is independent of RRC state)

	dynamicMulticastDCI-Format4-2
	Support of DCI format 4_2 
	Optional, per Band
	Not needed (DCI format 4_2 is not supported for eMBS as per R1-2306243)

	maxNumberMIMO-LayersMulticastPDSCH
	Supported maximal number of MIMO layers for multicast PDSCH
	Optional, per FeatureSetDownlinkPerCC
	Reused for eMBS

	dynamicMulticastSCell
	Support of basic multicast reception on a SCell
	Optional, per FeatureSetDownlinkPerCC
	Not needed (SCell is not supported in RRC INACTIVE mode)

	maxModulationOrderForMulticast
	Supported maximum number of modulation order for multicast
	Optional, per Band
	Reused for eMBS

	maxModulationOrderForMulticastDataRateCalculation
	Supported maximum modulation order used for maximum data rate calculation for multicast PDSCH
	Optional, per FeatureSetDownlinkPerCC
	Reused for eMBS

	dynamicSlotRepetitionMulticastTN-NonSharedSpectrumChAccess
	Supported maximum number of dynamic slot-level repetition
	Optional, per Band
	Reused for eMBS as per R1-2306243

	dynamicSlotRepetitionMulticastNTN-SharedSpectrumChAccess
	Supported maximum number of dynamic slot-level repetition for NTN and unlicensed
	Optional, per Band
	Reused for eMBS as per R1-2306243

	fdm-MulticastUnicast
	Support of FDM between one unicast PDSCH and one group-common PDSCH for multicast in RRC CONNECTED mode in a slot.
	Optional, per FeatureSetDownlinkPerCC
	Not needed (Simutaneous reception of C-RNTI and G-RNTI/multicast MCCH is not supported as per TS 38.202)

	IntraSlotTDM-UnicastGroupCommonPDSCH
	Support of TDM between at least one unicast PDSCH and one group-common PDSCH in a slot.
	Optional, per FeatureSetDownlinkPerCC
	Not needed (Simutaneous reception of C-RNTI and G-RNTI/multicast MCCH is not supported as per TS 38.202)

	fdm-CodebookForMux-UnicastMulticastHARQ-ACK
	Support of FDM-ed Type-1 HARQ-ACK codebooks and Type-2 HARQ-ACK codebooks
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	mode2-TDM-CodebookForMux-UnicastMulticastHARQ-ACK
	Support of Mode 2 TDM-ed Type-1 HARQ-ACK codebook
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	mode1-ForType1-CodebookGeneration
	Support of type1-Codebook-Generation-Mode configured as mode 1
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	mux-HARQ-ACK-UnicastMulticast
	Support of multiplexing HARQ-ACK for unicast and multicast
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	nack-OnlyFeedbackForMulticast
	Support of NACK-only based HARQ-ACK feedback with ACK/NACK transforming
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	nack-OnlyFeedbackSpecificResourceForMulticast
	Support of NACK-only based HARQ-ACK feedback corresponding to a specific sequence or a PUCCH transmission
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	nack-OnlyFeedbackForMulticastWithDCI-Enabler
	Support of DCI-based enabling/disabling NACK-only based feedback
	Optional, per Band
	Not needed (no feedback in RRC INACTIVE mode)

	sps-Multicast
	Support of SPS for multicast reception on PCell
	Optional, per FeatureSetDownlink
	Not needed (SPS in not supported in RRC INACTIVE)

	ack-NACK-FeedbackForSPS-Multicast
	Support of ACK/NACK based HARQ-ACK feedback and RRC-based enabling/disabling ACK/NACK-based feedback for SPS
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	ack-NACK-FeedbackForSPS-MulticastWithDCI-Enabler
	Support of DCI-based enabling/disabling ACK/NACK based HARQ-ACK feedback configured
	Optional, per Band
	Not needed (no feedback in RRC INACTIVE mode)

	ptp-Retx-SPS-Multicast
	Support of PTP retransmission for SPS multicast
	Optional, per BandCombination
	Not needed (no PTP reception in RRC INACTIVE mode)

	maxDynamicSlotRepetitionForSPS-Multicast
	Support of maximum number of dynamic slot-level repetition for SPS
	Optional, per Band
	Not needed (SPS in not supported in RRC INACTIVE)

	nack-OnlyFeedbackForSPS-Multicast
	NACK-only based HARQ-ACK feedback for SPS
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	nack-OnlyFeedbackForSPS-MulticastWithDCI-Enabler
	Support of DCI-based enabling/disabling NACK-only based feedback for SPS
	Optional, per Band
	Not needed (no feedback in RRC INACTIVE mode)

	maxNumberG-CS-RNTI
	Supported of maximum number of G-CS-RNTIs for SPS
	Optional, per Band
	Not needed (SPS in not supported in RRC INACTIVE)

	sps-MulticastDCI-Format4-2
	Support of DCI format 4_2 for SPS scheduling
	Optional, per Band
	Not needed (DCI format 4_2 is not supported for eMBS as per R1-2306243)

	nack-OnlyFeedbackSpecificResourceForSPS-Multicast
	Support of NACK-only based HARQ-ACK feedback corresponding to a specific sequence or a PUCCH transmission for SPS
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	sps-MulticastMultiConfig
	Support of multiple SPS group-common PDSCH configuration
	Optional, per Band
	Not needed (SPS in not supported in RRC INACTIVE)

	sps-MulticastSCell
	Support of one SPS group-common PDSCH configuration on a SCell
	Optional, per FeatureSetDownlinkPerCC
	Not needed (SCell is not supported in RRC INACTIVE mode)

	sps-MulticastSCellMultiConfig
	Support of multiple SPS group-common PDSCH configuration on a SCell
	Optional, per FeatureSetDownlinkPerCC
	Not needed (SCell is not supported in RRC INACTIVE mode)

	priorityIndicatorInDCI-Multicast
	DL priority indication for multicast in DCI format 4_2
	Optional, per Band
	Not needed (DCI format 4_2 is not supported for eMBS as per R1-2306243)

	priorityIndicatorInDCI-SPS-Multicast
	DL priority indication for SPS in DCI format 4_2
	Optional, per Band
	Not needed (DCI format 4_2 is not supported for eMBS as per R1-2306243)

	twoHARQ-ACK-CodebookForUnicastAndMulticast
	Support of two HARQ-ACK codebooks simultaneously
	Optional, per Band
	Not needed (no feedback in RRC INACTIVE mode)

	multiPUCCH-HARQ-ACK-ForMulticastUnicast
	Support of two HARQ-ACK codebooks simultaneously for unicast and multicast PDSCHs within a slot
	Optional, per Band
	Not needed (no feedback in RRC INACTIVE mode)

	singlePUCCH-ConfigForMulticast
	Support of a PUCCH-Config for multicast HARQ-ACK feedback, separate from that of unicast configurations
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	multiPUCCH-ConfigForMulticast
	Support of a PUCCH-ConfigurationList for multicast HARQ-ACK feedback, separate from that of unicast configurations
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	pucch-ConfigForSPS-Multicast
	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
	Optional, per BandCombination
	Not needed (no feedback in RRC INACTIVE mode)

	releaseSPS-MulticastWithCS-RNTI
	Supports unicast PDCCH scrambled with CS-RNTI to release SPS group-common PDSCH
	Optional, per Band
	Not needed (SPS in not supported in RRC INACTIVE)

	re-LevelRateMatchingForMulticast
	Support group-common PDSCH RE-level rate matching for multicast
	Optional, per Band
	Not needed (no ZP-CSI-RS configuration in RRC INACTIVE mode)

	maxMRB-Add
	Support of maximum number of additional MRBs
	Optional, per UE
	Reused for eMBS (i.e. the UE capability is not changed during state transition)


Observation 1: Among R17 broadcast and multicast capabilities, capabilities or components related to
· Multicast reception on PCell (e.g. G-RNTI scheduling, multicast DRX);
· MCCH (e.g. MCCH-RNTI scrambled PDCCH monitoring, change notification);
· MIMO layer of multicast PDSCH;
· PDSCH slot-level repetition;
· Maximum number of supported G-RNTIs;
· Maximum number of modulation order;
· maximum number of supported MRB;
can be reused for eMBS.
Observation 2: Among R17 broadcast and multicast capabilities, capabilities related to 
· HARQ feedback (e.g. HARQ ACK/NACK feedback, PUCCH configuration, codebook);
· PTP retransmission;
· Multicast/Broadcast reception on SCell or multicast SPS configuration for SCell;
· DCI format 4_2 (e.g. DL priority indication);
· group-common PDSCH RE-level rate matching;
· FDMed reception of unicast and multicast;
· Intra-slot TDMed reception of unicast and multicast;
· Multicast SPS configuration;
cannot be reused nor considered for eMBS due to no need.
2.2	eMBS capability 
Based on Observation 1 and achieved agreements listed in Annex, we prefer to introduce a new UE capability (i.e. dynamicMulticastInactive) for multicast reception in RRC_INACTIVE with at least the following compoents:
-	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-RNT;
-	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 (examples in Figure 1);
-	Supports long DRX cycle for MBS multicast reception in RRC_INACTIVE.


Figure 1: TDMed repetition in eMBS
Moreover, it seems a spontaneous logic to set the granularity of new UE capability for multicast reception in RRC_INACTIVE the same as dynamicMulticastPCell, considering that the capability components of these features are quite similar. Thus, we propose: 
Proposal 2: As a baseline, introduce below optional capability for multicast reception in RRC_INACTIVE, which is indicated to gNB per FeatureSet level.
	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;
-	Supports long DRX cycle for MBS multicast reception in RRC_INACTIVE.
	FS
	No
	N/A
	N/A


Moreover, for Rel-17 broadcast, simultaneous reception of both PBCH and MCCH is supported via FDMed reception manner as specified in section 6.2 of 38.202 [3], which helps to facilitate the reception of PBCH and MBSBroadcastConfiguration message. From the RAN2 point of view, it is beneficial to support simultaneous reception of both PBCH and multicast MCCH in eMBS for the sake of low service latency. By the way, as the FDMed repetition belongs to the RAN1 scope and supporting both PBCH and MCCH is supported via FDMed reception manner has impact on 38.202 spec, we suggest checking with RAN1 via LS (the corresponding draft LS is given in Annex). Thus, we propose 
Proposal 3: RAN2 assumes to support FDMed between multicast MCCH and PBCH in a slot (check with RAN1).
Next, due to the mobility of the INACTIVE UE with ongoing multicast service, the UE may reselect to another cell and acquire the MCCH to continue multicast reception in the newly reselected cell. As the new serving cell is not aware of the presence of this newly arrived UE (hence not knowing the capability status of this UE), it is possible that the PTM configuration may contain some configuration that is beyond the UE’s capability (e.g. a RoHC profile that is not supported by the UE). To this end, some baseline minimum capability components are required, similar to the broadcast case.  For example, we may assume some basic profiles are mandatory supported for multicast reception in RRC_INACTIVE. 
Proposal 4: RAN2 further discusses whether and how to define minimum capability requirements for eMBS regarding RLC and PDCP related capability.
3 Conclusion
In this contribution, we share our consideration of UE capability of eMBS. And we made the below observations as the starting point for considering UE capability of multicast reception in RRC_INACTIVE:
Observation 1: Among R17 broadcast and multicast capabilities, capabilities or components related to
· Multicast reception on PCell (e.g. G-RNTI scheduling, multicast DRX);
· MCCH (e.g. MCCH-RNTI scrambled PDCCH monitoring, change notification);
· MIMO layer of multicast PDSCH;
· PDSCH slot-level repetition;
· Maximum number of supported G-RNTIs;
· Maximum number of modulation order;
· maximum number of supported MRB;
can be reused for eMBS.
Observation 2: Among R17 broadcast and multicast capabilities, capabilities related to 
· HARQ feedback (e.g. HARQ ACK/NACK feedback, PUCCH configuration, codebook);
· PTP retransmission;
· Multicast/Broadcast reception on SCell or multicast SPS configuration for SCell;
· DCI format 4_2 (e.g. DL priority indication);
· group-common PDSCH RE-level rate matching;
· FDMed reception of unicast and multicast;
· Intra-slot TDMed reception of unicast and multicast;
· Multicast SPS configuration;
cannot be reused nor considered for eMBS due to no need.
Besides, we propose the following proposals:
Proposal 1: In eMBS, the capability of starting drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM is per UE, no FDD-TDD DIFF, and no FR1-FR2 DIFF.
Proposal 2: As a baseline, introduce below optional capability for multicast reception in RRC_INACTIVE, which is indicated to gNB per FeatureSet level.
	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;
-	Supports long DRX cycle for MBS multicast reception in RRC_INACTIVE.
	FS
	No
	N/A
	N/A


Proposal 3: RAN2 assumes to support FDMed between multicast MCCH and PBCH in a slot (check with RAN1).
Proposal 4: RAN2 further discusses whether and how to define minimum capability requirements for eMBS regarding RLC and PDCP related capability.
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5 Annex 
5.1	draft LS to RAN1
3GPP TSG-RAN WG2 Meeting#123-bis	R2-230xxxx
Xiamen, China, October 9th-13th, 2023

Title:	[Draft]LS on FDMed between multicast MCCH and PBCH
Response to:	-
Release:	Release 18
Work Item:	NR_MBS_enh-Core

Source:	vivo [to be TSG RAN WG2]
To:	TSG RAN WG1
Cc:	

Contact Person:
Name:	Yitao Mo
E-mail Address:	yitao.mo@vivo.com

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

1. Overall Description:
In Release 17, an MBS broadcast capable UE can receive FDMed MCCH and PBCH. In RAN2#123-bis, it was agreed that RAN2 assumes the UE supporting multicast reception is able to FDMed multicast MCCH and PBCH reception in the RRC_INACTIVE state. RAN2 would like to check with RAN1 whether it is necessary and feasible that a UE supporting multicast reception is able to FDMed multicast MCCH and PBCH reception in the RRC_INACTIVE state?

2. Actions:
To RAN WG1 
ACTION: 	RAN2 would like to ask RAN1 to provide feedback on the above question and take the above into account for RAN1 spec update if needed.

3. Date of Next TSG-RAN WG2 Meeting:
RAN2#124	from 2023-11-13	to 2023-11-17		Chicago, US


5.2	RAN2 agreements 
In the following are listed the RAN2 agreements on multicast reception in RRC_INACTIVE. The following colors are used for the agreements that were implemented for approval and exclusion respectively:
· Implemented agreements for considering eMBS capability compoents
· Implemented agreements for excluding HARQ related, DCI 4_2, SPS configuration, and PTP retransmission related capabilities 

RAN2#119-e:
· In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:
- Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.
- Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session
· FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.
· It is up to gNB to decide whether a multicast session may be received by UE(s) in INACTIVE. FFS what information gNB may be provided to form such decision (related to SA2 discussion).
· It is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this. 
· It is assumed the network can choose which UEs receive in RRC INACTIVE and which in RRC Connected and can move UEs between the states for Multicast service reception.
· For PTM configuration delivery, RAN2 further investigates the following solutions:
- Option 1: Dedicated signalling
- Option 2: Solution based on SIB+MCCH
We do not preclude some “mix” of the options
· HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE.
· Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported (if the configuration of the new cell is available for the UE). FFS whether there are cases where the UE needs to resume the connection. FFS RAN3 impacts due to inter-gNB mobility.
· Upon cell reselection to neighbour cells during active multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, then the UE is required to resume RRC connection to get the Multicast MRB configuration. 

RAN2#119bis-e:
· RAN2 Answer to Q1-a) If there are significant differences in the quality and reliability of the reception of MBS data between UEs in RRC Connected state and UEs in RRC Inactive state: 
The quality and reliability of the reception of MBS data between UEs in RRC_CONNECTED state and UEs in RRC_INACTIVE state may or may not be different, as HARQ feedback and PTP transmission are not supported and seamless/lossless mobility is not required for multicast reception in RRC_INACTIVE.
· The following general description is taken as baseline for PTM configuration delivery Option 1:
- (1-a) PTM configuration(s) (i.e., configurations used for multicast reception in RRC_INACTIVE) of one or more multicast sessions for at least one cell are provided via dedicated RRC signaling to a UE. 
- (1-b) The RRC message for this includes RRCReconfiguration and/or RRCRelease and/or RRCResume (details FFS).
- (1-c) UE stores the received configurations while it is in RRC_INACTIVE, and if there is a need to update some or all the configurations, the UE is notified of such changes and may trigger RRC connection resume to obtain the updated configurations. In case of mobility in RRC_INACTIVE, the UE triggers RRC connection resume if the configuration of the session is not available for the new cell.
· The following general description is taken as baseline for PTM configuration delivery Option 2:
- (2-a) PTM configurations (i.e., configurations used for multicast reception in RRC_INACTIVE) are provided via an MCCH-like channel (same or different as used for MBS broadcast), and information regarding MCCH scheduling is provided via SIB, FFS dedicated signalling.
- (2-b) UE can receive such configurations when it is in RRC_INACTIVE, FFS whether it is allowed/needed to also receive when UE is in RRC_CONNECTED.
- (2-c) If there is a need to update some or all the received configurations, UE does not need to resume RRC connection but is notified of such changes (e.g. via MCCH DCI) and obtains the updated configurations via MCCH.
· Dedicated RRC signalling (i.e. RRC release message with suspendConfig) is used for switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE and continue multicast reception (details FFS).
· For both option 1 and option 2, as a baseline, group paging can be used to switch UEs receiving multicast from RRC_INACTIVE to RRC_CONNECTED, and UEs continue the multicast reception in CONNECTED. FFS if there is any potential issue if Rel-17 group paging is reused. FFS if there are other cases when UE triggers resume. FFS if MCCH can also be used in case of option 2.
· FFS whether to introduce PTM configuration applicable area, i.e., the mechanism that the PTM configurations, once acquired by a UE, may apply to a certain area (i.e., a set of cells instead of a single cell).
· Rel-18 UE in INACTIVE can be informed when the session is activated (Details FFS).
· As a baseline, group paging can be used to inform Rel-18 UE(s) about the session activation (Details FFS, e.g., UE behavior when receiving such group notification).
· If a UE is in RRC_INACTIVE and is configured to receive a multicast session in RRC_INACTIVE, the UE may be notified when the multicast session is deactivated. FFS how (e.g., informed via group paging, MCCH, or other ways).
· Rel-17 mechanism (NAS-based indication) is applicable for multicast session release. FFS if any enhancement is needed.
· FFS how UE determines whether it can receive the multicast session in RRC_INACTIVE or not when the session is activated, taking into account the following solutions (can further update the descriptions if needed, and several solutions may be needed, some solutions may apply only for certain configuration options)
- 1. When the multicast session is activated, UE can receive the multicast session in RRC_INACTIVE if the PTM configuration used in RRC_INACTIVE for the session is available to the UE and the UE has joined the session already (e.g., configuration provided to UE via dedicated RRC signaling or via MCCH), otherwise it goes back to RRC_CONNECTED to receive the multicast session. 
- 2. When the multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not (detailed signaling FFS).
- 3. UE is configured "whether it can receive the multicast session in RRC_INACTIVE" by dedicated signaling before UE is released. When the multicast session is activated, UE stays in RRC_INACTIVE or resumes RRC connection accordingly (detailed signaling FFS).
· If option 1 is supported for PTM configuration:
As a baseline, group paging may be used to inform the UE when network changes the PTM configurations, and UE upon reception triggers RRC connection resume procedure to obtain the updated configurations (details of group paging can be FFS).
FFS whether and how to solve the issue in signalling/system load when a large number of UEs in the cell need PTM configuration update.
· FFS if there is an issue that a UE can obtain all the PTM configurations for a multicast service via Option 2 without/before joining the multicast session on the condition that security is enabled by service layer. And if yes FFS how to solve the issue (e.g., dedicated configuration + MCCH).

RAN2#120:
· We will have a mixed approach and we start with the following:
- 1. When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).
- 2. MCCH is used in case there is a need to indicate a PTM configuration in case there is a need for change in PTM config or during mobility beyond serving cell / gNB. FFS session status change and other indications. 
- 3. We assume that the UE can only receive multicast service after it joined the session.
- 4. FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.

RAN2#121:
· UE shall join in the multicast session before receiving multicast in RRC INACTIVE.
· If network finds it useful, the PTM configuration for the (single) serving cell can be configured to UE before the session activation, and UE stores the configuration. When session is activated, UE can receive multicast in INACTIVE state by applying the configuration without going back to RRC_CONNECTED, if not updated by MCCH after being configured.
· When network configures UE to receive multicast in INACTIVE state, RRCRelease message with suspendconfig can be used to deliver the PTM configuration. Other dedicated RRC messages will not be used to provide PTM configuration for MBS multicast for INACTIVE.
· We introduce a new MCCH logical channel for multicast in INACTIVE (different from broadcast MCCH).
· Multicast MCCH configuration is provided via new SIB. 
· Optionally, Multicast MCCH configuration for the serving cell can also be provided in dedicated signalling. Understanding is we are not optimizing mobility case because of this.
· Serving cell will not provide the PTM configuration of neighbour cells from other gNBs.
· FFS whether the network can provide PTM configuration for intra-gNB cells.

RAN2#121bis-e:
· Similar to Rel-17 broadcast reception procedure, UE acquires new SIB and multicast MCCH to get PTM configuration after cell reselection.
· When a UE reselects to a cell for which PTM configuration is not available in multicast MCCH, the UE initiates RRC resumption procedure for an active multicast session it is interested to receive or continue receiving.
· UE may trigger RRC connection resumption if the reception quality of the multicast data is below a configured threshold, FFS how to specify the threshold/reception quality.
· Frequency prioritization may be provided to the UE for cell reselection for multicast reception in RRC_INACTIVE, detailed mechanism on how to identify the frequency info (e.g., SAI, USD, or frequency info directly provided by network) is FFS.
· No need to define a mechanism other than the frequency prioritization, i.e., per cell based prioritization in cell re-selection, to help UE choose the right cell to camp on.
· The neighbor cell list mechanism for multicast reception in RRC_INACTIVE may be configured e.g. it can be used by UE to resume RRC connection if service is not available in the re-selected cell by NCL, without reading MCCH in the re-selected cell, in some aspects similar to Rel-17 NCL mechanism in MBS broadcast.
· A "special UE" identified by MBS assistance information from 5GC can be released to RRC_INACTIVE (e.g., when the session is deactivated). FFS how can network enable such UE to resume to RRC_CONNECTED upon session activation
· Rel-18 UE can stay in RRC_INACTIVE and start monitoring corresponding G-RNTI upon an enhanced group paging (e.g., upon session activation or data transmission resumed). Details FFS.
· For one UE already in RRC_INACTIVE, it can stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon events like session deactivation/temporary no data.
· FFS which option to take: enhanced group paging or enhanced MCCH, to enable Rel-18 UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon events like session deactivation/temporary no data.
· No additional enhancement (with regard to enhancements made for ‘deactivation/temp no data’) is needed specifically for enabling UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon session release.
· Legacy group paging (i.e., Rel-17 group paging) can be used to resume UE to RRC_CONNECTED state.
· Upon events like session activation/data transmission resumed, if PTM configuration is not available to UE, UE initiates RRC connection resumption.
· UE-specific paging (i.e. PagingRecordList) can be used to move specific MBS multicast UE(s) to RRC_CONNECTED (i.e. legacy UE behavior).
· When both enhanced group paging and unicast paging are received by the UE (and targeted for this UE), the UE follows unicast Paging and goes to RRC CONNECTED.
· From the location&bandwidth and SCS configuration perspective,  follow R17 MBS broadcast CFR principle (i.e. case A,C,E) to provide multicast CFR configuration in RRC_INACTIVE. 
· Multicast CFR in RRC_INACTIVE and broadcast CFR can be configured differently. FFS whether we need to restrict that one CFR is completely contained within the other in this case (we should understand what the issue is otherwise).
· Case B and case D are not supported for multicast CFR in RRC_INACTIVE;
· Whether multicast CFR in RRC_CONNECTED and in RRC_INACTIVE are different is up to NW implementation. FFS whether this causes some issues which need to be addressed.
· HARQ feedback related information in the DCI is not needed or can be ignored for multicast transmission to RRC_INACTIVE UE.
· The HARQ operation for multicast reception in RRC_INACTIVE is same as the operation without HARQ feedback in RRC_CONNECTED state.
· The multicast transmission in RRC_INACTIVE is performed via beam sweeping based on SSB index like broadcast MBS (i.e. beam information is not needed in DCI).
· For MTCH, RAN2 assumes to reuse the same DCI format of R17 multicast (i.e. DCI format 4-1/4-2) for dynamic scheduling of multicast in RRC INACTIVE. RAN2 assumes for MCCH scheduling, DCI format 4-0 is used. We will ask RAN1 to confirm whether it is feasible and whether both 4-1 and 4-2 are needed.
· We will also indicate other relevant agreements to RAN1 (e.g. on beam sweeping etc.)
· On support of multicast SPS in RRC_INACTIVE, postpone RAN2 discussion to next meeting.
· On DRX operation for multicast in RRC_INACTIVE, take the multicast DRX as baseline. FFS handling on PTM related HARQ RTT Timer and DRX Retransmission Timer.
· The common LCID space is used for multicast MRB and unicast DRB regardless of UE RRC state (i.e. no change on the LCID table for MTCH).
· Postpone the UP discussion on L2 operation during RRC state transition until the signaling design of PTM configuration in RRCRelease message is concluded.
· Postpone the discussion on L2 operation during mobility to next RAN2 meeting.  
· Including the following two issues in LS to RAN1:
- Issue 1: RAN1 to confirm RAN2 understanding that PDSCH aggregation is supported for multicast MTCH in RRC_INACTIVE (as that is supported in Rel-17 multicast MTCH in RRC_CONNECTED as well as broadcast MTCH).
- Issue 2: RAN1 to check the feasibility of following Rel-17 CSS design for multicast MTCH and MCCH: 1) reusing the same CSS for multicast MTCH in RRC_INACTIVE (same as multicast MTCH in RRC_CONNECTED); 2) separate CSS for MCCH and MTCH. 
· Change the working agreement to the agreement below:
Agreement: The same CFR is used for multicast MCCH and MTCH. It can be revisited if there is any issue found, e.g. for RedCap UEs.
· UE in RRC CONNECTED state is not required to read multicast MCCH to be able to receive multicast MBS service i.e. the UE receives the PTM configuration via dedicated signalling. This can be revisited if issues with service continuity are identified.

RAN2#122:
· The multicast MCCH configuration takes the broadcast MCCH configuration structure (i.e., mcch-Config-r17) as baseline.
· To notify the multicast MCCH change, change notification mechanism for Rel-17 broadcast MCCH is the baseline.
· Working assumption (to be confirmed by RAN1 via pending reply LS): One bit in the MCCH DCI is used to notify the change of the multicast MCCH. We reuse the bit used for MCCH change indication from Rel-17 MBS broadcast. This does not cover session deactivation which is FFS.
· It is not supported to provide the PTM configuration of intra-gNB neighbour cells in the dedicated signalling.
· For PTM configuration structure on the multicast MCCH, Rel-17 broadcast PTM configuration structure is taken as baseline. 
· As a baseline, The PTM configuration in the RRCRelease message with suspendconfig has the same structure as the PTM configuration in multicast MCCH. 
· FFS how existing MRBs are handled.
· Introduce a new indication per tmgi in the group paging which informs Rel-18 UEs having a valid PTM configuration to receive the multicast in RRC_INACTIVE.
· MCCH is used for notifying MC session deactivation for multicast reception in RRC_INACTIVE to enable Rel-18 UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI. 
· This is assumed to have no/minor impact on RAN1/PHY 

RAN1#113:
· The response LS to RAN2 LS ( R1-2304325) is agreed as follows:
From RAN1’s perspective, the following RAN2 assumption is feasible.  
· For MTCH, RAN2 assumes to reuse the same DCI formats of R17 multicast (i.e. DCI format 4-1/4-2) for dynamic scheduling of multicast in RRC INACTIVE. RAN2 assumes for multicast MCCH scheduling, DCI format 4-0 is used.
Proposal to Question 1:
· From RAN1’s perspective, DCI format 4_0 can be reused for multicast MCCH reception in RRC_INACTIVE. At least DCI format 4_1 can be reused for multicast MTCH reception in RRC_INACTIVE.  
· Proposal 3_v1: There is no consensus to support DCI format 4_2 for multicast MTCH reception in RRC INACTIVE in RAN1.
Proposal to Question 2:
· RAN1 confirms the RAN2 understanding is correct. Slot-level PDSCH repetition is supported for multicast MTCH PDSCH reception in RRC_INACTIVE
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per G-RNTI for multicast MTCH PDSCH in RRC_INACTIVE
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table for scheduling multicast MTCH PDSCH in RRC_INACTIVE. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same multicast PDSCH.
Proposal to Question 3:
· From RAN1’s view, separate CSS(es) can be configured for multicast MCCH and multicast MTCH in RRC_INACTIVE.
· For question 3.1, convey to RAN2 that RAN1 is still discussing the response.

RAN2#123:
For a UE receiving multicast in RRC_INACTIVE, the UE resumes the RRC connection when the measured RSRP or RSRQ based on the existing measurement requirements (whichever is configured by the NW) of the serving cell becomes lower than the threshold configured by network. FFS whether/how we need to address ping-pong issue
The threshold can be configured in PTM configuration per MBS session via RRCRelease or multicast MCCH message.
Unless issues are identified with using one of existing resume causes, no new resume causes are introduced for UEs receiving MC in INACTIVE when they resume due to bad quality or lack of SIBx/PTM configuration
Dedicated frequencies in RRCRelease can be used by the NW, as legacy
FFS whether we need something more, e.g. frequency priorities in MCCH or a solution based on FSAI
NW indicates which multicast service can be received in INACTIVE in suspendConfig of RRC Release. FFS how exactly this is indicated
Unless blocking issues are identified, UE behaviour is not to suspend corresponding multicast MRBs and to keep using them in INACTIVE
For “non-synchronised“ cell (in terms of PDCP COUNT), upon cell reselection, UE sets the initial PDCP count of the MRB for the multicast reception in RRC_INACTIVE state based on the same mechanism as R17 MBS broadcast.
One cell can indicate "synchronized", if by implementation, it follows a common QoS flow to MRB mapping rule and at the same time PDCP COUNT is set according to the MBS QoS Flow SN.
FFS how the UE is indicated about cells being synchronized (i.e. what information the NW needs to provide to the UE)
Solutions which require COUNT broadcasting via MCCH are not considered
SPS is not supported for multicast reception in RRC_INACTIVE.
RAN2 enables RRC_INACTIVE UE receiving multicast to also receive possible PTM retransmissions initiated by UEs receiving multicast in RRC_CONNECTED.
Allow configuration of drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM for INACTIVE UEs (38.331).
UE receiving MBS multicast in RRC_INACTIVE should start drx-HARQ-RTT-TimerDL-PTM and drx-RetransmissionTimerDL-PTM when reception of the transport block has not been successful. FFS the details, e.g. when the timers are started exactly.
This is optional UE capability

image1.emf
Multicast MCCH PDSCH Multicast MTCH PDSCH

Multicast MCCH or 

Multicast MTCH PDSCH

Other PDSCHs 

(e.g. SDT unicast, MBS 

broadcast PDSCH)

Multicast MCCH PDSCH Multicast MTCH PDSCH

Other PDSCHs 

(e.g. SDT unicast, MBS 

broadcast PDSCH)


Microsoft_Visio_Drawing.vsdx
Multicast MCCH PDSCH
Multicast MTCH PDSCH
Multicast MCCH or 
Multicast MTCH PDSCH
Other PDSCHs 
(e.g. SDT unicast, MBS broadcast PDSCH)
Multicast MCCH PDSCH
Multicast MTCH PDSCH
Other PDSCHs 
(e.g. SDT unicast, MBS broadcast PDSCH)



