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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. 
Rel-18 WI on enhancements of NR MBS includes the following objectives, see RP-221458 (highlighting added):
	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]
· Specify Uu signalling enhancements to allow a UE to use shared processing for MBS broadcast and unicast reception, i.e., ‎including UE capability and related assistance information reporting regarding simultaneous unicast reception in RRC_CONNECTED and MBS broadcast reception from the same or different operators [RAN2]
· Study and if necessary, specify enhancements to improve the resource efficiency for MBS reception in RAN sharing scenarios [RAN3]
Note: collaboration with SA2 is expected in due course for the above objectives. 



This contribution discusses about support of multicast reception by UEs in RRC_INACTIVE state.

Review of Rel-17 NR Multicast
Rel-17 MBS added support of multicast services reception by UEs in CM_CONNECTED/ RRC_CONNECTED state only. UEs need to join Multicast session via NAS PDU 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 Multicast service).
Multicast service can be suspended (i.e. MRBs released) and re-activated (i.e. MRBs configured/reconfigured) based on Multicast data (in)activity. When there is no Multicast active transmission, gNB can trigger UEs to transition into either RRC_IDLE or RRC_INACTIVE state (or keep the UE in RRC_CONNECTED due e.g. to DRB activity). RRC group paging (TMGI as identifier) is used to alert RRC_IDLE and RRC_INACTIVE UEs to transition back to RRC_CONNECTED state to resume receiving Multicast service data.

Rel-18 Support of Multicast in RRC_INACTIVE
To support reception if multicast services by UEs in RRC_INACTIVE, following needs to be solved
· How does NG-RAN decide to release UEs receiving multicast services to RRC_INACTIVE
· How to provide Multicast MRB configuration for use during RRC_INACTIVE
· How UE gets MRB configuration upon cell reselection in RRC_INACTIVE state
· Which cells will provide Multicast service within configured RNA
NG-RAN decision to release Multicast UEs into RRC_INACTIVE
To alleviate RAN congestion due to large number of Multicast UEs, NG-RAN may decide to release UEs receiving multicast services into RRC_INACTIVE state. For this, AF is expected to provide assistance information to 5GC (PCF) to determine which MBS sessions and/or which RRC_CONNECTED UE within MBS session can be sent to RRC_INACTIVE state. The assistance information may include MBS Session priority, Multicast UE priority, PER etc. PCF can derive QoS parameters for Multicast session and associated Unicast QoS Flow in the PDU session for individual delivery. 
During Multicast shared PDU session setup procedure, NG-RAN receives shared PDU session QoS parameters and associated Unicast PDU session QoS parameters. RAN can use the MBS session and associated QoS Flow of individual PDU session QoS parameters (e.g. 5QI, ARP, etc.) to decide which MBS sessions and/or UEs to keep in RRC_CONNECTED vs. release to RRC_INACTIVE during RAN congestion scenarios. This needs to be further discussed in RAN3 and SA2. We do not expect RAN2 impact.
Multicast MRB configuration for RRC_INACTIVE state 
To support reception of multicast services in RRC_INACTIVE state, we need to specify how to provide MRB configurations to the UE for use when it is in RRC_INACTIVE. There are following ways to provide such configuration. 
· Using dedicated RRC signalling
· Using SIB + MCCH
Dedicated RRC signaling based MRB configuration
One method of providing RRC_INACTIVE multicast configurations is to provide it using dedicated RRC signaling while the UE is in RRC_CONNECTED state. Such configuration can be provided in RRC Reconfiguration or Release message. UE uses the provided configuration when it switches to RRC_INACTIVE state.


There are both pros and cons of this approach:
Pros: 
· Leverage R17 dedicated RRC signaling framework  
· In order to provide service continuality due to switching between RRC_CONNECTED and RRC_INACTIVE states, the same MRB configuration can be used for receiving Multicast service in both the states. (Note that for Multicast reception in RRC_INACTIVE state, there would be no L1/L2 UL feedback, and high reliability is not possible.)
· Only UEs which have joined Multicast session will receive MRB configuration which is a key feature of Multicast service.
Cons: 
· Upon each cell reselection in RRC_INACTIVE state within RNA, UE may have to perform RRC connection resume procedure to acquire a different MRB configuration in a cell. Multicast UEs transitioning from RRC_INACTIVE state to RRC_CONNECTED state causes signaling overhead and higher power consumption, defeating the purpose of keeping the UE in RRC_INACTIVE.
· Anchor gNB need to interact with the neighbor gNBs to fetch MRB configuration, which is similar to CHO providing multiple candidate cells configuration (RAN3 to further discuss on this aspect).
When dedicated RRC signaling is used to provide MRB configuration while the UE is in say cell A, the UE needs to be able to receive the service if it moves to cell B within RNA in RRC_INACTIVE mode. Not allowing such mobility in RRC_INACTIVE mode would be very restrictive and purpose of supporting multicast in RRC_INACTIVE state will be defeated. So, cell A also needs to provide neighbor cells’ MRB configuration to enable UE moving across cells without resuming connection to get MRB configuration from neighbor cells within RNA. Therefore, one of the challenges of supporting Multicast in RRC_INACTIVE is on making sure the configuration is available to UE when the UE moves between different cells in RRC_INACTIVE state.
[bookmark: _Toc109739173][bookmark: _Toc109822659][bookmark: _Toc109822675][bookmark: _Toc109822689][bookmark: _Toc109903058][bookmark: _Toc110342954][bookmark: _Toc110342989][bookmark: _Toc110856471][bookmark: _Toc110952553][bookmark: _Toc110952564][bookmark: _Toc110961163][bookmark: _Toc110961186][bookmark: _Toc110961512][bookmark: _Toc110963257]Multicast service continuity after cell reselection in RRC_INACTIVE state should be supported.
[bookmark: _Toc110342955][bookmark: _Toc110342990][bookmark: _Toc110856472][bookmark: _Toc110952554][bookmark: _Toc110952565][bookmark: _Toc110961164][bookmark: _Toc110961187][bookmark: _Toc110961513][bookmark: _Toc110963258]Dedicated signaling based configuration enables only UEs which have joined Multicast service to get the MRB configuration.
[bookmark: _Toc110961284][bookmark: _Toc110961337][bookmark: _Toc110963263][bookmark: _Toc110963329]Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported.
To support such mobility within an area consisting of a group of multicast cells, 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. 
[bookmark: _Toc109822660][bookmark: _Toc109822676][bookmark: _Toc109822690][bookmark: _Toc109903059][bookmark: _Toc110342956][bookmark: _Toc110342991][bookmark: _Toc110856473][bookmark: _Toc110952555][bookmark: _Toc110952566][bookmark: _Toc110961165][bookmark: _Toc110961188][bookmark: _Toc110961514][bookmark: _Toc110963259]A group of cells can be formed, within which the MRB configuration(s) may be common or different and must be provided to UE through dedicated RRC signaling, to enable UEs to move across cells in the group without having to transition to CONNECTED mode to update MRB configuration.
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.



Figure 1: RAN Area including cell joined MBS and cells not joining MBS.



Figure 2: RAN Area including all cells which have joined MBS.

For flexibility on the network side, more than one set of MRB 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 configuration ID to which the UE needs to switch to continue receiving multicast service. Alternatively, MRB configuration IDs can be mapped to NCGI so that UE can switch between configured MRB configurations based on NCGI received from the SIB.
SIB + MCCH based MRB configuration
Another option for providing MRB configuration to use during RRC_INACTIVE is by using SIB/MCCH. Upon entering RRC_INACTIVE state, the UE acquires Multicast MRB configuration by reading Multicast MCCH, which can be same or different from Broadcast MCCH. When UE moves to another cell after Cell Reselection, the UE can receive Multicast MRB Configuration from MCCH in that cell and continue to receive multicast service there (provided the gNB has already joined multicast tree).
Pros:
· If MRB Configuration is not provided for a given Multicast Service (i.e. TMGI x) in a cell, UE can resume RRC connection to get the MRB configuration. 
· This triggers the gNB to join Multicast Tree if not already providing service and start transmitting MCCH-based MRB Configuration for subsequent UEs entering the cell or keeps UEs in RRC_CONNECTED state depending on NG-RAN congestion situation.
· Allows gNBs to reuse R17 based Multicast Session Joining procedure. 
Cons:
· If MRB configuration is provided in SIB/MCCH, it is not straightforward how to prevent RRC_IDLE/RRC_INACTIVE UE which has not joined Multicast Session from receiving the Multicast Service. This defeats the purpose of multicast system design, which is supposed to enable only the UE joining multicast session to receive multicast session data.
· UE has to switch MRB configuration during RRC state transition as the MCCH-provided configuration may be different than the configuration being used in RRC_CONNECTED.

[bookmark: _Toc110342957][bookmark: _Toc110342992][bookmark: _Toc110856474][bookmark: _Toc110952556][bookmark: _Toc110952567][bookmark: _Toc110961166][bookmark: _Toc110961189][bookmark: _Toc110961515][bookmark: _Toc110963260]Using MCCH for providing Multicast MRB enables UE to receive configuration and able to receive Multicast service without joining multicast session which is not intended Multicast service behavior. 
[bookmark: _Toc110961516][bookmark: _Toc110342958][bookmark: _Toc110342993][bookmark: _Toc110856475][bookmark: _Toc110952557][bookmark: _Toc110952568][bookmark: _Toc110961167][bookmark: _Toc110961190][bookmark: _Toc110963261]If MCCH is broadcasted in the cell for providing Multicast MRB configuration, then Multicast service will be similar to Broadcast service and can’t be distinguished. Such service can be served as Broadcast instead. 
[bookmark: _Toc110342959][bookmark: _Toc110342994][bookmark: _Toc110856476][bookmark: _Toc110952558][bookmark: _Toc110952569][bookmark: _Toc110961168][bookmark: _Toc110961191][bookmark: _Toc110961517][bookmark: _Toc110963262]If MCCH is used, UE needs to switch Multicast MRB configuration after every state transition and cell reselection procedure, which is undesirable.
Based on the above discussion, we propose:
[bookmark: _Toc110342961][bookmark: _Toc110342996][bookmark: _Toc110856478][bookmark: _Toc110952560][bookmark: _Toc110952571][bookmark: _Toc110961169][bookmark: _Toc110961285][bookmark: _Toc110961338][bookmark: _Toc110963264][bookmark: _Toc110963330]Adopt RRC dedicated signalling procedure (i.e. while the UE is in CONNECTED) to provide Multicast MRB configuration for use in RRC_INACTIVE state.
[bookmark: _Toc110342962][bookmark: _Toc110342997][bookmark: _Toc110856479][bookmark: _Toc110952561][bookmark: _Toc110952572][bookmark: _Toc110961170][bookmark: _Toc110961286][bookmark: _Toc110961339][bookmark: _Toc110963265][bookmark: _Toc110963331][bookmark: _Toc110342963][bookmark: _Toc110342998][bookmark: _Toc110856480][bookmark: _Toc110952562][bookmark: _Toc110952573]Multicast MRB configuration is provided by the RRC dedicated singalling for neighbour cells for Intra CU-Intra/Inter DU and Inter CU-Inter DU scenarios within the RNA (not necessarily for all cells within the RNA). 
[bookmark: _Toc110961171][bookmark: _Toc110961287][bookmark: _Toc110961340][bookmark: _Toc110963266][bookmark: _Toc110963332]Upon cell reselection to neighbour cells within the RNA during active multicast session, if MRB configuration of reselected cell is not provided for RRC_INACTIVE state, then the UE is required to resume RRC connection to get the Multicast MRB configuration.

Summary 
Based on the discussion, we have following observations: 
Observation 1.	Multicast service continuity after cell reselection in RRC_INACTIVE state should be supported.
Observation 2.	Dedicated signaling based configuration enables only UEs which have joined Multicast service to get the MRB configuration.
Observation 3.	A group of cells can be formed, within which the MRB configuration(s) may be common or different and must be provided to UE through dedicated RRC signaling, to enable UEs to move across cells in the group without having to transition to CONNECTED mode to update MRB configuration.
Observation 4.	Using MCCH for providing Multicast MRB enables UE to receive configuration and able to receive Multicast service without joining multicast session which is not intended Multicast service behavior.
Observation 5.	If MCCH is broadcasted in the cell for providing Multicast MRB configuration, then Multicast service will be similar to Broadcast service and can’t be distinguished. Such service can be served as Broadcast instead.
Observation 6.	If MCCH is used, UE needs to switch Multicast MRB configuration after every state transition and cell reselection procedure, which is undesirable.

Based on these observations and discussion above, we have the following proposals:
Proposal 1.	Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported.
Proposal 2.	Adopt RRC dedicated signalling procedure (i.e. while the UE is in CONNECTED) to provide Multicast MRB configuration for use in RRC_INACTIVE state.
Proposal 3.	Multicast MRB configuration is provided by the RRC dedicated singalling for neighbour cells for Intra CU-Intra/Inter DU and Inter CU-Inter DU scenarios within the RNA (not necessarily for all cells within the RNA).
Proposal 4.	Upon cell reselection to neighbour cells within the RNA during active multicast session, if MRB configuration of reselected cell is not provided for RRC_INACTIVE state, then the UE is required to resume RRC connection to get the Multicast MRB configuration.
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