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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. 



Previous RAN2 meetings made several agreements related to service continuity, state transitions and notifications. In this contribution, we provide further views on the outstanding issues for multicast reception in RRC_INACTIVE.

Service continuity after cell reselection/mobility in RRC_INACTIVE
RAN2#119bis-e had following FFS:
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 and this FFS has not been concluded yet.  
Based on the latest RAN2 agreement that we introduce new multicast MCCH for use in RRC_INACTIVE, we think 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][bookmark: _Toc131539268][bookmark: _Toc131539612][bookmark: _Toc131539895][bookmark: _Toc131621792][bookmark: _Toc131622435][bookmark: _Toc131624393][bookmark: _Toc131708784][bookmark: _Toc131718939]Based on latest agreements, MCCH configuration applicable area may be more suitable (instead of PTM configuration applicable area).
Additionally, RAN2#121 agreed that the multicast MCCH configuration is provided via new SIB, and optionally via dedicated signalling. Specially for intra-gNB neighbour cells, there is no issue of Xn signalling.
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][bookmark: _Toc131539281][bookmark: _Toc131539388][bookmark: _Toc131539597][bookmark: _Toc131539899][bookmark: _Toc131621795][bookmark: _Toc131622452][bookmark: _Toc131624399][bookmark: _Toc131708790][bookmark: _Toc131718945]Introduce MCCH configuration applicable area, i.e., 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).
[bookmark: _Toc131621796][bookmark: _Toc131539283][bookmark: _Toc131539390][bookmark: _Toc131539599][bookmark: _Toc131539901][bookmark: _Toc131621797][bookmark: _Toc131622454][bookmark: _Toc131539284][bookmark: _Toc131539391][bookmark: _Toc131539600][bookmark: _Toc131539902][bookmark: _Toc131622455][bookmark: _Toc131621798][bookmark: _Toc131621799][bookmark: _Toc131539286][bookmark: _Toc131539393][bookmark: _Toc131539602][bookmark: _Toc131539904][bookmark: _Toc131621800][bookmark: _Toc131622457][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: _Toc131539287][bookmark: _Toc131539394][bookmark: _Toc131539603][bookmark: _Toc131539905][bookmark: _Toc131621801][bookmark: _Toc131622458][bookmark: _Toc131624400][bookmark: _Toc131708791][bookmark: _Toc131718946][bookmark: _Toc110342963][bookmark: _Toc110342998][bookmark: _Toc110856480][bookmark: _Toc110952562][bookmark: _Toc110952573]MCCH configuration can be optionally provided by RRC dedicated signalling for intra-gNB neighbour cells within the MCCH configuration applicable area.
Furthermore, RAN2#121 agreed the following:
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. 

On the above FFS, we think providing PTM configurations of intra-gNB does not involve any Xn signalling. And it can be beneficial for the UE to avoid acquiring MCCH and subsequently PTM configuration in the neighbor cell if it moves within intra-gNB cells. So, it is important from the perspective of UE power consumption.
[bookmark: _Toc131539288][bookmark: _Toc131539395][bookmark: _Toc131539604][bookmark: _Toc131539906][bookmark: _Toc131621802][bookmark: _Toc131622459][bookmark: _Toc131624401][bookmark: _Toc131708792][bookmark: _Toc131718947]The network can provide PTM configuration for intra-gNB cells.

RRC State Transitions
Transition from RRC_CONNECTED to RRC_INACTIVE
RAN2 previously agreed the following:
In RAN2#119e
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 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.

In RAN2#119bis-e
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).

Regarding the “FFS what information gNB may be provided to form such decision (related to SA2 discussion)”, there are two aspects of this:
· Information provided from 5GC to gNB
· Information provided from UE to gNB
Regarding information provided from 5GC to gNB, SA2 has made some conclusions and we understand there is ongoing discussion in RAN3 on what information needs to be passed between CN and RAN. 
SA2 sent LS to RAN2 in R2-2301934 (S2-2303407), which indicated the following:
· [bookmark: _Hlk127997251]	SA2 agrees that the MBS assistance information for the MBS session sent to NG-RAN consists of an indication that the UE is preferred to be kept in connected when receiving the related MBS session data.

In general, CN gathers such information on whether a particular UE is preferred to be kept in CONNECTED (aka “special UEs”) from the application function and as SA2 indicated, this will be provided to NG-RAN node by the CN. 
Now, the question for RAN2 is how is such information used? Is it taken as a CN command that such UE may not be released to RRC_INACTIVE, e.g. even when the MBS session is deactivated, or whether it is a recommendation to keep the UE in connected, however gNB implementation can make final decision (based on whatever reason or criteria). 
Email discussion [Post121][606][eMBS] briefly covered this aspect and has following proposal:
Proposal 7: FFS whether a "special UE" identified by 5GC can be released to RRC_INACTIVE (e.g., when the session is deactivated); and if yes, FFS how can network enable such UE to resume to RRC_CONNECTED (e.g., upon session activation).
In our view, the CN assistance information should be taken as recommendation as there can be legitimate reasons for the gNB to release the UE to RRC_INACTIVE. 
Note: The second FFS on how network can resume such UE is discussed later in section 2.2.1.
[bookmark: _Toc127287769][bookmark: _Toc127437286][bookmark: _Toc127440893][bookmark: _Toc127471874][bookmark: _Toc127471988][bookmark: _Toc131620076][bookmark: _Toc131620745][bookmark: _Toc131622460][bookmark: _Toc131624402][bookmark: _Toc131708793][bookmark: _Toc131718948]RAN2 understands that MBS assistance information sent by CN to gNB indicating that the UE is preferred to be kept in connected (aka “special UE”) is a recommendation from CN for the gNB to take into account, however it is up to gNB implementation whether to release such UE to RRC_INACTIVE.
Regarding information provided from UE to gNB, in previous RAN2 meetings some companies proposed UE to provide its preference whether to receive a multicast service in RRC_CONNECTED vs RRC_INACTIVE state. In our view, decision on whether a UE should receive multicast service in RRC_INACTIVE state is totally up to RAN decision (while taking into account the recommendation about special UE from the CN if applicable) as long as the UE is capable of receiving multicast in RRC_INACTIVE. 
[bookmark: _Toc127287770][bookmark: _Toc127437287][bookmark: _Toc127440894][bookmark: _Toc127471875][bookmark: _Toc127471989][bookmark: _Toc131620077][bookmark: _Toc131620746][bookmark: _Toc131622461][bookmark: _Toc131624403][bookmark: _Toc131708794][bookmark: _Toc131718949][bookmark: _Toc115036378][bookmark: _Toc118239450][bookmark: _Toc118241274][bookmark: _Toc127220205][bookmark: _Toc127220957]UE indicates capability on whether it supports MBS multicast reception in RRC_INACTIVE. 
[bookmark: _Toc127287771][bookmark: _Toc127437288][bookmark: _Toc127440895][bookmark: _Toc127471876][bookmark: _Toc127471990][bookmark: _Toc131620078][bookmark: _Toc131620747][bookmark: _Toc131622462][bookmark: _Toc131624404][bookmark: _Toc131708795][bookmark: _Toc131718950]Other than the UE capability, UE does not provide additional indication to RAN about its preference to receive multicast in RRC_INACTIVE state (i.e., it is up to network decision).
Transition from RRC_INACTIVE to RRC_CONNECTED 
RAN2#119bis-e reached several agreements regarding usage of group paging:
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.

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).

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).

Multicast session activation while UE is in RRC_INACTIVE
Based on the discussions during previous RAN2 meetings, there are at least the following scenarios which the group paging should be able to unambiguously indicate to the multicast UE in RRC_INACTIVE (which has already joined the multicast session and has valid PTM configurations):
1. The multicast session was not activated and now it is activated:
a. All applicable UEs continue to receive the service in RRC_INACTIVE, or
b. All applicable UEs move to RRC_CONNECTED to receive the service, or
c. Specific UEs move to RRC_CONNECTED to receive the service (in accordance with the agreement in RAN2#119e)
2. The multicast session was already activated but was in temporary data inactivity, now the inactivity is ended:
a. All applicable UEs continue to receive the service in RRC_INACTIVE, or
b. All applicable UEs move to RRC_CONNECTED to receive the service, or
c. Specific UEs move to RRC_CONNECTED to receive the service (in accordance with the agreement in RAN2#119e)
Email discussion [Post121][606][eMBS] covered the aspects of state transitions in details. Some of the proposals there are following:
Proposal 8: 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). FFS how to enhance group paging (e.g., flag to indicate UE behaviour on monitoring of G-RNTI, UE's RRC states or session state).
Proposal 13: (16/22) Legacy group paging (Rel-17) or legacy per UE paging are used to resume UE to RRC_CONNECTED state.
Regarding FFS on how to enhance the group paging, to fulfil these different scenarios, a single flag per TMGI should be enough in group paging to indicate whether all the UEs receiving the service with a given TMGI should stay in RRC_INACTIVE and continue to receive the service, or all the UEs receiving the service with a given TMGI should move to RRC_CONNECTED. However, to move a selected subset of UEs (i.e. 1c and 2c above), the specific UEs need to be notified, which can be done using legacy paging. 
Regarding proposal 13 in the email discussion report, firstly it is not clear that it is about specific UEs, not ALL UEs’ transition to RRC_CONNECTED. Then, the legacy group paging cannot unambiguously indicate only a subset of UEs receiving a certain session/TMGI to move back to RRC_CONNECTED if it is also used to move ALL the UEs receiving a certain session/TMGI back to RRC_CONNECTED. 
[bookmark: _Toc127284926][bookmark: _Toc127287767][bookmark: _Toc127437283][bookmark: _Toc127440900][bookmark: _Toc127471871][bookmark: _Toc127471985][bookmark: _Toc131620062][bookmark: _Toc131620723][bookmark: _Toc131622436][bookmark: _Toc131624394][bookmark: _Toc131708785][bookmark: _Toc131718940]A single flag per TMGI should be enough in group paging to indicate whether all the UEs receiving the service with a given TMGI should stay in RRC_INACTIVE and continue to receive the service, or all the UEs receiving the service with a given TMGI should move to RRC_CONNECTED. 
[bookmark: _Toc131620063][bookmark: _Toc131620724][bookmark: _Toc131622437][bookmark: _Toc131624395][bookmark: _Toc131708786][bookmark: _Toc131718941][bookmark: _Toc127284927][bookmark: _Toc127287768][bookmark: _Toc127437284][bookmark: _Toc127440901][bookmark: _Toc127471872][bookmark: _Toc127471986]Legacy group paging cannot unambiguously indicate only a subset of UEs receiving a certain session/TMGI to move back to RRC_CONNECTED if it is also used to move ALL UEs receiving a certain session/TMGI to move back to RRC_CONNECTED.
[bookmark: _Toc131620064][bookmark: _Toc131620725][bookmark: _Toc131622438][bookmark: _Toc131624396][bookmark: _Toc131708787][bookmark: _Toc131718942]Legacy UE-specific paging can be (re)used to move specific UE(s) in RRC_INACTIVE to RRC_CONNECTED.
Therefore, we propose the following:
[bookmark: _Toc118295352][bookmark: _Toc118295593][bookmark: _Toc118295781][bookmark: _Toc118295850][bookmark: _Toc118387393][bookmark: _Toc118387498][bookmark: _Toc118387609][bookmark: _Toc118390485][bookmark: _Toc118390703][bookmark: _Toc118390715][bookmark: _Toc127284623][bookmark: _Toc127287772][bookmark: _Toc127437290][bookmark: _Toc127440897][bookmark: _Toc127471878][bookmark: _Toc127471992][bookmark: _Toc131620080][bookmark: _Toc131620749][bookmark: _Toc131622464][bookmark: _Toc131624405][bookmark: _Toc131708796][bookmark: _Toc131718951]Add a per-TMGI flag in Rel-18 group paging to indicate whether all UEs (that have valid PTM configuration) continue to receive the service associated with the TMGI in RRC_INACTIVE or should move to RRC_CONNECTED.
[bookmark: _Toc131624406][bookmark: _Toc131708797][bookmark: _Toc131718952][bookmark: _Toc118295353][bookmark: _Toc118295594][bookmark: _Toc118295782][bookmark: _Toc118295851][bookmark: _Toc118387394][bookmark: _Toc118387499][bookmark: _Toc118387610][bookmark: _Toc118390486][bookmark: _Toc118390704][bookmark: _Toc118390716][bookmark: _Toc127284624][bookmark: _Toc127287773][bookmark: _Toc127437291][bookmark: _Toc127440898][bookmark: _Toc127471879][bookmark: _Toc127471993][bookmark: _Toc131620081][bookmark: _Toc131620750][bookmark: _Toc131622465]UE-specific paging (i.e. PagingRecordList) can be (re)used to move specific UE(s) to RRC_CONNECTED. This overrides the per-TMGI flag in the group paging for the specific UE(s). 
Now, going back to the FFS regarding moving of ‘special UE’ back to RRC_CONNECTED mode: the above proposals apply and cover all the UEs (including the special UEs), i.e. special UEs can also be moved back to RRC_CONNECTED mode using legacy UE-specific paging. So, no additional special handling would be needed. 
[bookmark: _Toc131620726][bookmark: _Toc131622439][bookmark: _Toc131624397][bookmark: _Toc131708788][bookmark: _Toc131718943]No additional special handling is needed regarding how to move ‘special UEs’ back to RRC_CONNECTED.
[bookmark: _Toc131620751][bookmark: _Toc131622466][bookmark: _Toc131624407][bookmark: _Toc131708798][bookmark: _Toc131718953]No additional enhancements are needed specifically for moving ‘special UEs’ back to RRC_CONNECTED.
Multicast session deactivation/temporary no data while UE is in RRC_INACTIVE
In Rel-17, upon receiving multicast deactivation indication from 5GC, RAN will release all radio resources and inform UEs by releasing MRB configuration via dedicated RRC signaling procedure. 
In case of Rel-18, for RRC_INACTIVE UEs, it should be possible for gNB to indicate the multicast session deactivation to multicast RRC_INACTIVE capable UEs by using either Group Paging method or by using MCCH based method.
[bookmark: _Toc127440902][bookmark: _Toc127471873][bookmark: _Toc127471987][bookmark: _Toc131620065][bookmark: _Toc131620727][bookmark: _Toc131622440][bookmark: _Toc131624398][bookmark: _Toc131708789][bookmark: _Toc131718944]Both group paging and MCCH-based options are possible to indicate deactivation of multicast session while UE is in RRC_INACTIVE.
Email discussion [Post121][606][eMBS] covered this aspect and proposed the following with two possibilities:
Proposal 11: Consider the following two options: enhanced group paging (9/22) or enhanced MCCH (9/22), to enable Rel-18 UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon events like session deactivation/temporary no data.
RAN2 previously agreed that MCCH is used to indicate PTM configuration change while the UE is in RRC_INACTIVE. Similarly, deactivation/temporary no data of the session can be indicated by MCCH.
[bookmark: _Toc127440899][bookmark: _Toc127471880][bookmark: _Toc127471994][bookmark: _Toc131620082][bookmark: _Toc131620752][bookmark: _Toc131622467][bookmark: _Toc131624408][bookmark: _Toc131708799][bookmark: _Toc131718954]For UEs receiving multicast in RRC_INACTIVE, deactivation/temporary no data of the multicast session is indicated by MCCH.

Summary 
Based on the discussion above, we have following observations: 
Observation 1.	Based on latest agreements, MCCH configuration applicable area may be more suitable (instead of PTM configuration applicable area).
Observation 2.	A single flag per TMGI should be enough in group paging to indicate whether all the UEs receiving the service with a given TMGI should stay in RRC_INACTIVE and continue to receive the service, or all the UEs receiving the service with a given TMGI should move to RRC_CONNECTED.
Observation 3.	Legacy group paging cannot unambiguously indicate only a subset of UEs receiving a certain session/TMGI to move back to RRC_CONNECTED if it is also used to move ALL UEs receiving a certain session/TMGI to move back to RRC_CONNECTED.
Observation 4.	Legacy UE-specific paging can be (re)used to move specific UE(s) in RRC_INACTIVE to RRC_CONNECTED.
Observation 5.	No additional special handling is needed regarding how to move ‘special UEs’ back to RRC_CONNECTED.
Observation 6.	Both group paging and MCCH-based options are possible to indicate deactivation of multicast session while UE is in RRC_INACTIVE.

Based on these observations and discussion above, we have the following proposals:
Proposal 1.	Introduce MCCH configuration applicable area, i.e., 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 2.	MCCH configuration can be optionally provided by RRC dedicated signalling for intra-gNB neighbour cells within the MCCH configuration applicable area.
Proposal 3.	The network can provide PTM configuration for intra-gNB cells.
Proposal 4.	RAN2 understands that MBS assistance information sent by CN to gNB indicating that the UE is preferred to be kept in connected (aka “special UE”) is a recommendation from CN for the gNB to take into account, however it is up to gNB implementation whether to release such UE to RRC_INACTIVE.
Proposal 5.	UE indicates capability on whether it supports MBS multicast reception in RRC_INACTIVE.
Proposal 6.	Other than the UE capability, UE does not provide additional indication to RAN about its preference to receive multicast in RRC_INACTIVE state (i.e., it is up to network decision).
Proposal 7.	Add a per-TMGI flag in Rel-18 group paging to indicate whether all UEs (that have valid PTM configuration) continue to receive the service associated with the TMGI in RRC_INACTIVE or should move to RRC_CONNECTED.
Proposal 8.	UE-specific paging (i.e. PagingRecordList) can be (re)used to move specific UE(s) to RRC_CONNECTED. This overrides the per-TMGI flag in the group paging for the specific UE(s).
Proposal 9.	No additional enhancements are needed specifically for moving ‘special UEs’ back to RRC_CONNECTED.
Proposal 10.	For UEs receiving multicast in RRC_INACTIVE, deactivation/temporary no data of the multicast session is indicated by MCCH.
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