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[bookmark: _Ref492503575]Introduction
Rel-17 MBS added support of multicast services reception by UEs in CM_CONNECTED/ RRC_CONNECTED state only. One of the objectives of Rel-18 WI on enhancements of NR MBS is as follows (highlighting added), see RP-221458:
	This Work Item is to further enhance the NR Multicast/Broadcast functions based on Rel-17 MBS. The objectives for Rel-18 include:
· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]
· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]
· <<skip>>
Note: collaboration with SA2 is expected in due course for the above objectives. 



RAN2#119e discussed the options to provide MBS multicast configuration for RRC_INACTIVE state, and agreed the following:
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

During RAN2#119bis-e, several agreements were made applicable to both options. However, there was no conclusion on which option to choose.
RAN2#120 further discussed the options and agreed the following:
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.

In this contribution, we provide further views on the outstanding issues and our view on delivery of PTM configurations to the UE for MBS multicast reception in RRC_INACTIVE state.

Multicast MRB configuration for RRC_INACTIVE state  

In Rel-17, MBS multicast service delivery is supported for UEs in CM_CONNECTED/ RRC_CONNECTED state only. UE needs to join multicast session via NAS session management procedure to receive multicast service. RRC dedicated signalling is used to provide multicast control signalling, which includes MRB configuration, CFR (Common Frequency Region) associated with dedicated BWP etc. 
Multicast service is provided by gNBs which have joined multicast tree. Triggers for gNBs to join Multicast tree include the following: 
(1) A UE joins multicast session causing 5GC to trigger Multicast Shared PDU session setup to that gNB. 
(2) Multicast UE handover to a gNB causing gNB to join multicast session (if gNB is not already providing the multicast service).
[bookmark: _Toc118295292][bookmark: _Toc118295301][bookmark: _Toc118295320][bookmark: _Toc118295585][bookmark: _Toc118387384][bookmark: _Toc118387489][bookmark: _Toc118390481][bookmark: _Toc118390699][bookmark: _Toc118390711][bookmark: _Toc127293502][bookmark: _Toc127294096][bookmark: _Toc127436028][bookmark: _Toc127442604][bookmark: _Toc127445302][bookmark: _Toc127446054][bookmark: _Toc127471295][bookmark: _Toc127471312][bookmark: _Toc127471425]In Rel-17, UE needs to join multicast session via NAS session management procedure to receive multicast service. gNBs needs to join the multicast tree to provide multicast service. 
[bookmark: _Toc118387385][bookmark: _Toc118387490][bookmark: _Toc118390482][bookmark: _Toc118390700][bookmark: _Toc118390712][bookmark: _Toc127293503][bookmark: _Toc127294097][bookmark: _Toc127436029][bookmark: _Toc127442605][bookmark: _Toc127445303][bookmark: _Toc127446055][bookmark: _Toc127471296][bookmark: _Toc127471313][bookmark: _Toc127471426]In Rel-17, only 5GC authorized multicast UEs are allowed to receive multicast configuration and service.  
RAN2 has previously discussed, and consensus seems to be that this principle will not be changed in Rel-18. E.g. following agreement from RAN2#120: “3. We assume that the UE can only receive multicast service after it joined the session.”
[bookmark: _Toc127293504][bookmark: _Toc127294098][bookmark: _Toc127436030][bookmark: _Toc127442606][bookmark: _Toc127445304][bookmark: _Toc127446056][bookmark: _Toc127471297][bookmark: _Toc127471314][bookmark: _Toc127471427]RAN2 agreements indicate towards the common understanding that these principles will continue to apply for Rel-18.  
Our view is that the specifications shall prevent a UE from obtaining the PTM configurations without/before joining the multicast session. While the above RAN2 agreement gets one step closer to that, we think RAN2 needs to take a clear agreement (instead of just assumption). Therefore, we propose the following:
[bookmark: _Toc118295313][bookmark: _Toc118295348][bookmark: _Toc118295589][bookmark: _Toc118295777][bookmark: _Toc118295846][bookmark: _Toc118387389][bookmark: _Toc118387494][bookmark: _Toc118387605][bookmark: _Toc118390488][bookmark: _Toc118390708][bookmark: _Toc118390720][bookmark: _Toc127293505][bookmark: _Toc127294091][bookmark: _Toc127436022][bookmark: _Toc127442607][bookmark: _Toc127445305][bookmark: _Toc127446058][bookmark: _Toc127471300][bookmark: _Toc127471306][bookmark: _Toc127471430][bookmark: _Toc110342961][bookmark: _Toc110342996][bookmark: _Toc110856478][bookmark: _Toc110952560][bookmark: _Toc110952571][bookmark: _Toc110961169][bookmark: _Toc110961285][bookmark: _Toc110961338][bookmark: _Toc110963264][bookmark: _Toc110963330]RAN2 understands it shall not be possible for the UE to obtain the PTM configurations and subsequently the multicast service without/before joining the multicast session.
Mixed approach of providing MRB configuration
In Rel-17 MBS broadcast, MCCH configuration is provided via SIB20. Any UE in any RRC state (CONNECTED, IDLE or INACTIVE) can read the MCCH configuration, corresponding MCCH and then receive the MBS broadcast session.
To avoid the UE to be able to obtain the PTM configuration and subsequently the multicast service without/before joining the multicast session, MRB configurations should be provided in such a way that UE needs to receive at least some part of the configuration dedicatedly when it is in RRC_CONNECTED mode. 
Based on the latest agreements that a mixed-approach for providing PTM configuration will be pursued, a reasonable way is to have the following principle:
· MCCH configuration always provided dedicatedly, and
· MRB configurations provided/updated via MCCH.
[bookmark: _Toc127446057][bookmark: _Toc127471298][bookmark: _Toc127471315][bookmark: _Toc127471428]A reasonable mixed-approach is to provide MCCH configurations dedicatedly and provide/update MRB configurations via MCCH.  
Additionally, not all UEs are expected to support both MBS multicast and MBS broadcast; and these features are expected to evolve separately. Network needs flexibility to independently determine scheduling of broadcast MCCH and multicast MCCH for RRC_INACTIVE UEs. 
A new MCCH needs to be introduced for this purpose and the MCCH configuration should be provided via dedicated signalling before moving the UE to RRC_INACTIVE. Consequently, only the UEs having the MCCH config can receive the new multicast MCCH being broadcasted in the cell.   
[bookmark: _Toc127436023][bookmark: _Toc127442608][bookmark: _Toc127445306][bookmark: _Toc127446059][bookmark: _Toc127471301][bookmark: _Toc127471307][bookmark: _Toc127471431][bookmark: _Toc127294092]Multicast specific MCCH is introduced for the multicast reception in RRC_INACTIVE mode.
[bookmark: _Toc127436024][bookmark: _Toc127442609][bookmark: _Toc127445307][bookmark: _Toc127446060][bookmark: _Toc127471302][bookmark: _Toc127471308][bookmark: _Toc127471432]Multicast MCCH configuration is provided to the UE via dedicated signalling.
Afterwards, while UE is already in RRC_INACTIVE state, any updates to the PTM configuration can be indicated via MCCH as already agreed in RAN2#120.

Service continuity after cell reselection/mobility in RRC_INACTIVE
RAN2#119e also agreed the following:
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. 

To support such service continuity after cell reselection in RRC_INACTIVE, a group of cells can form an area. Such group of cells may use either common MRB configuration or different configurations(s) and must be provided to UE while transitioning to RRC_INACTIVE state so that UE is not required to resume RRC connection when moving between cells within the group. When UE moves from one group to another, it needs to resume to RRC_CONNECTED so that it can receive MRB configuration for the new group. RAN should be able to track UEs at the group level for group paging purpose. This was discussed during RAN2#119bis-e and following was agreed:
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).

Based on the comments during the meeting, a vast majority of companies expressed that this was useful, however there were also some reservations. 
While we still think it would be beneficial to introduce PTM configuration applicable area, based on the latest RAN2 agreement that a mixed-approach for providing PTM configuration will be pursued, MCCH configuration applicable area (instead of PTM configuration applicable area) could be a reasonable approach. This way, MCCH configuration would be same within the area, however MCCH content (PTM configurations) may be different in different cells.
[bookmark: _Toc127471299][bookmark: _Toc127471316][bookmark: _Toc127471429]Based on latest agreement to go with a mixed-approach, MCCH configuration applicable area may be more suitable (instead of PTM configuration applicable area).
So, we propose RAN2 to agree to the following:
[bookmark: _Toc118295315][bookmark: _Toc118295350][bookmark: _Toc118295591][bookmark: _Toc118295779][bookmark: _Toc118295848][bookmark: _Toc118387391][bookmark: _Toc118387496][bookmark: _Toc118387607][bookmark: _Toc118390490][bookmark: _Toc118390705][bookmark: _Toc118390717][bookmark: _Toc127293506][bookmark: _Toc127294093][bookmark: _Toc127436025][bookmark: _Toc127442610][bookmark: _Toc127445308][bookmark: _Toc127446061][bookmark: _Toc127471303][bookmark: _Toc127471309][bookmark: _Toc127471433]Introduce MCCH configuration applicable area, i.e., mechanism that the MCCH configuration, once acquired by a UE, may apply to a certain area (i.e., a set of cells instead of a single cell).
For flexibility on the network side, more than one set of MCCH configurations can be supported. These configurations can be provided to multicast UE upfront when it is in RRC_CONNECTED. Then one of the configurations can be activated for the UE based on a configuration ID. When the UE moves to a different cell within the group, the cell may broadcast the MCCH configuration ID to which the UE needs to switch to continue receiving multicast service. Alternatively, MCCH configuration IDs can be mapped to NCGI so that UE can switch between configured MCCH configurations based on NCGI received from the SIB.



Figure 1: RAN Area including multiple groups of cells with different MCCH configurations in each group.

[bookmark: _Toc110342962][bookmark: _Toc110342997][bookmark: _Toc110856479][bookmark: _Toc110952561][bookmark: _Toc110952572][bookmark: _Toc110961170][bookmark: _Toc110961286][bookmark: _Toc110961339][bookmark: _Toc110963265][bookmark: _Toc110963331][bookmark: _Toc118295316][bookmark: _Toc118295351][bookmark: _Toc118295592][bookmark: _Toc118295780][bookmark: _Toc118295849][bookmark: _Toc118387392][bookmark: _Toc118387497][bookmark: _Toc118387608][bookmark: _Toc118390491][bookmark: _Toc118390706][bookmark: _Toc118390718][bookmark: _Toc127293507][bookmark: _Toc127294094][bookmark: _Toc127436026][bookmark: _Toc127442611][bookmark: _Toc127445309][bookmark: _Toc127446062][bookmark: _Toc127471304][bookmark: _Toc127471310][bookmark: _Toc127471434][bookmark: _Toc110342963][bookmark: _Toc110342998][bookmark: _Toc110856480][bookmark: _Toc110952562][bookmark: _Toc110952573]MCCH configuration is provided by RRC dedicated signalling for both intra-gNB and inter-gNB neighbour cells within the MCCH configuration applicable area.

BWP/CFR Configuration
In Rel-17, multicast CFR is configured in association with dedicated BWP, however RRC_INACTIVE UEs operate in Initial BWP. Therefore, for multicast reception in RRC_INACTIVE in Rel-18, the configured multicast CFR for RRC_INACTIVE UEs should have the BW same or larger than CORESET0, fully overlapping with CORESET0 and with the same numerology as CORESET0. Different example cases are illustrated in the figure below.
[image: Diagram

Description automatically generated]
Figure 3: CFR for Rel-18 Multicast reception in RRC_INACTIVE
Further, if the same MCCH is used for configuration of multicast and when broadcast CFR is shared by broadcast and multicast for RRC_INACTIVE UEs, the CFR should have the BW same or larger than CORESET0 and fully overlapping with CORESET0 and the same numerology as CORESET0. 
[bookmark: _Toc118295783][bookmark: _Toc118295852][bookmark: _Toc118387395][bookmark: _Toc118387500][bookmark: _Toc118387611][bookmark: _Toc118390492][bookmark: _Toc118390710][bookmark: _Toc118390722][bookmark: _Toc127293508][bookmark: _Toc127294095][bookmark: _Toc127436027][bookmark: _Toc127442612][bookmark: _Toc127445310][bookmark: _Toc127446063][bookmark: _Toc127471305][bookmark: _Toc127471311][bookmark: _Toc127471435]Multicast CFR for RRC_INACTIVE UEs has the BW same or larger than CORESET0, fully overlapping with CORESET0 and with the same numerology as CORESET0.

Summary 
Based on the discussion above, we have following observations: 
Observation 1.	In Rel-17, UE needs to join multicast session via NAS session management procedure to receive multicast service. gNBs needs to join the multicast tree to provide multicast service.
Observation 2.	In Rel-17, only 5GC authorized multicast UEs are allowed to receive multicast configuration and service.
Observation 3.	RAN2 agreements indicate towards the common understanding that these principles will continue to apply for Rel-18.
Observation 4.	A reasonable mixed-approach is to provide MCCH configurations dedicatedly and provide/update MRB configurations via MCCH.
Observation 5.	Based on latest agreement to go with a mixed-approach, MCCH configuration applicable area may be more suitable (instead of PTM configuration applicable area).

Based on these observations and discussion above, we have the following proposals:
Proposal 1.	RAN2 understands it shall not be possible for the UE to obtain the PTM configurations and subsequently the multicast service without/before joining the multicast session.
Proposal 2.	Multicast specific MCCH is introduced for the multicast reception in RRC_INACTIVE mode.
Proposal 3.	Multicast MCCH configuration is provided to the UE via dedicated signalling.
Proposal 4.	Introduce MCCH configuration applicable area, i.e., mechanism that the MCCH configuration, once acquired by a UE, may apply to a certain area (i.e., a set of cells instead of a single cell).
Proposal 5.	MCCH configuration is provided by RRC dedicated signalling for both intra-gNB and inter-gNB neighbour cells within the MCCH configuration applicable area.
Proposal 6.	Multicast CFR for RRC_INACTIVE UEs has the BW same or larger than CORESET0, fully overlapping with CORESET0 and with the same numerology as CORESET0.
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