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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
In this paper, we address one of the objectives of the work item Release 18 for enhancements of NR Multicast and Broadcast Services (MBS), as described in the WID [1]:
	· 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]



In the previous RAN2#119bise meeting [2], the following agreements have been made:

	A. 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
B. 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)
C. 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



Discussion
[bookmark: _Hlk114046040]In Release 17, the MBS multicast session follows state transitions as defined in 3GPP TS 23.247 v17.3.0 [2], figure 4.3-1. The session management procedures include session creation (7.1.1.2 or 7.1.1.3 of TS 23.247), session activation (7.2.5.2 of TS 23.247), session establishment and join (7.2.1.3 of TS 23.247). It is only when the MBS session is established that the network will configure the UE for the reception of multicast data.
The establishment of an MBS session in a UE is performed when the UE is in RRC_CONNECTED state. Then, the network may decide to switch the UE to RRC_INACTIVE state before the MBS multicast data are available through the session activation. When the session is activated the network will have to notify the UEs that have joined the session, and the network will have to switch the UEs that are in RRC_INACTIVE state to RRC_CONNECTED state to configure them. 
Observation 1: The Release 17 specifications do not provide a procedure to configure a UE in RRC_INACTIVE state. A UE in RRC_INACTIVE state shall be resumed to RRC_CONNECTED state when an MBS session is activated. 
Based on Release 17, at MBS session activation, all UEs belonging to the multicast group shall be configured at the same time.
Observation 2: For a large number of UEs, the delivery of MBS configuration at MBS multicast session activation may lead to link congestion and delay. 

MBS pre-configuration
To avoid a massive MBS configuration at MBS session activation, it is proposed to pre-configure the UEs before the MBS session activation.
MBS configuration may be delivered at different stages:
· At MBS session establishment (or after) when the UE is in RRC_CONNECTED state,
· When a UE is switched to RRC_INACTIVE state to provide PTM configuration to receive the multicast data in RRC_INACTIVE state,
· When a UE is already in RRC_INACTIVE state, e.g. for PTM configuration update.

Then, at MBS multicast session activation, the UEs are notified by the network and they can apply the stored MBS configuration to start receiving the multicast data.
The UEs being pre-configured at different moments (before the session activation), the network load may be alleviated at the MBS session activation.
Proposal 1: It is preferred that the network provides MBS multicast configuration to the UEs in the multicast group before MBS session activation.

For the UEs that can receive MBS multicast data in RRC_INACTIVE state, the network may provide the PTM configuration(s) for some cells (e.g. neighbor cells) or for all cells in the MBS service area. The advantage for a UE in RRC_INACTIVE state receiving MBS multicast data is to be able to switch to a new cell without notifying the network to request a configuration. After performing the cell reselection process and switching to a new cell, the UE can apply the stored PTM configuration corresponding to the new cell.
Proposal 2: When a UE can receive MBS multicast data in RRC_INACTIVE state, the network may provide to the UE the PTM configuration(s) for several cells in the neighborhood.
Notification of MBS Session Activation 
At MBS session activation, the network may perform group paging indicating the activation of an MBS multicast session. A UE in RRC_INACTIVE state that has been pre-configured may directly apply the stored PTM configuration without notification to the network.
The UE may however notify the network to indicate its presence. For this purpose, the UE may send a RRC Resume Request message and the network may respond with a RRC Release with suspendConfig message to maintain the UE in RRC_INACTIVE state. Besides, this notification from UEs enables a gNB to estimate the number of UEs effectively receiving in RRC_INACTIVE state.
As an alternative method to group paging, the network may indicate the activation of MBS session activation through SIB.
Proposal 3: UEs in RRC_INACTIVE state may receive the notification of MBS session activation through a group paging or SIB 

It can be noted that whether the multicast session can be received in RRC_INACTIVE state is implicitly indicated to the UE by receiving from the network a PTM configuration applicable in RRC_INACTIVE state. The explicit indication whether multicast can be received in RRC_INACTIVE state through paging may not be necessary.
Observation 3: The explicit indication whether multicast can be received in RRC_INACTIVE state through paging may not be necessary.
PTM configuration delivery in RRC_INACTIVE state
Two options are considered for PTM configuration delivery in RRC_INACTIVE state: using a dedicated signaling or based on SIB plus MCCH. However, providing PTM configurations using MCCH channel presents some drawbacks related to security (about the authorization to receive the multicast data). Furthermore, the MCCH content may be transmitted periodically and thus, it is not efficient in terms of bandwidth.
[bookmark: _Hlk114183735][bookmark: _Hlk114212539]Proposal 4: PTM configuration should be provided to a UE in RRC_INACTIVE state via a dedicated RRC signaling.

When a UE is switched to RRC_INACTIVE state, the network may provide PTM configuration through the RRC Release with SuspendConfig message. Such PTM configuration delivery can be performed before MBS session activation (i.e. pre-configuration) or after MBS session activation. This message may include the PTM configuration for one or several cells in the MBS service area.
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[bookmark: _Ref114044504]Figure 2‑1. Illustration of pre-configuration case when switching to RRC_INACTIVE state
The process shown in Figure 2‑1 illustrates the PTM configuration delivery when switching to RRC_INACTIVE state.
After MBS session establishment, the gNB may decide to switch a UE to RRC_INACTIVE state (it may be decided with assistance information from the core network). At this stage, the gNB may decide to pre-configure the UE to be able to receive the multicast data while in RRC_INACTIVE state, by sending a RRCRelease message with SuspendConfig including the suitable PTM configuration. The UE is then aware that it is enabled to receive multicast data in RRC_INACTIVE state
In the same way, when the network has to configure a UE already in RRC_INACTIVE state, the RRC Release with SuspendConfig message may also be used to provide PTM configuration(s) while maintaining the UE in RRC_INACTIVE state. This may concern the following cases:
1) when the configuration is triggered by the UE, e.g. at cell reselection when the UE is receiving multicast data and does not have the PTM configuration for a target cell, 

2) when the configuration is at the initiative of the network.

In the first case (configuration triggered by the UE), the UE may send a RRC Resume request to the network (before or after cell switching) indicating the need for one or several PTM configuration(s) for a given MBS multicast session. Then, the network may respond with the RRC Release with SuspendConfig message including the requested PTM configuration(s). 
[bookmark: _Hlk114180964]In the second case (initiated by the network), the network may perform group paging announcing the availability of PTM configuration(s) for a MBS multicast session. Then, a UE interested in the MBS session may send a RRC Resume Request message to notify its presence and its interest in the MBS session. Finally, the network may send a RRC Release with SuspendConfig message including PTM configuration(s). This procedure may be performed at any time, before or after the MBS session activation (e.g. for an update). It may also be performed at the MBS session activation, meaning that the group paging would contain both the notification of MBS session activation and the notification of PTM configuration.
Proposal 5: PTM configuration(s) may be provided to a UE being switched to RRC_INACTIVE state or already in RRC_INACTIVE state using RRC Release with SuspendConfig message.
In both cases, the network may provide the PTM configuration(s) for some cells (e.g. neighbor cells) or for all cells in the MBS service area.
Also, in both cases, the UEs may be maintained in RRC_INACTIVE state (without switching to RRC_CONNECTED state). 
Proposal 6: A UE in RRC_INACTIVE state may receive PTM configuration(s) without being switched to RRC_CONNECTED state. 

Before sending PTM configuration(s) to a UE, the network should check that the UE belongs to the multicast group (i.e that it has joined the MBS session and is authorized to receive the multicast data).
As an alternative method to group paging, the network may indicate the activation of MBS session activation through SIB.
Proposal 7: Group paging or SIB may be used to notify UEs in RRC_INACTIVE state about the availability of PTM configuration(s). 



Conclusion
In this contribution, we propose solutions to pre-configure UEs before MBS multicast session activation, and to enable UEs to receive multicast data while staying in RRC_INACTIVE state. The following observations and proposals have been made:
Observation 1: The Release 17 specifications do not provide a procedure to configure a UE in RRC_INACTIVE state. A UE in RRC_INACTIVE state shall be resumed to RRC_CONNECTED state when an MBS session is activated. 
Observation 2: For a large number of UEs, the delivery of MBS configuration at MBS multicast session activation may lead to link congestion and delay.
Proposal 1: It is preferred that the network provides MBS multicast configuration to the UEs in the multicast group before MBS session activation.
Proposal 2: When a UE can receive MBS multicast data in RRC_INACTIVE state, the network may provide to the UE the PTM configuration(s) for several cells in the neighborhood.
Proposal 3: UEs in RRC_INACTIVE state may receive the notification of MBS session activation through a group paging or a SIB 
Observation 3: The explicit indication whether multicast can be received in RRC_INACTIVE state through paging may not be necessary
Proposal 4: PTM configuration should be provided to a UE in RRC_INACTIVE state via a dedicated RRC signaling.
Proposal 5: PTM configuration(s) may be provided to a UE being switched to RRC_INACTIVE state or already in RRC_INACTIVE state using RRC Release with SuspendConfig message.
Proposal 6: A UE in RRC_INACTIVE state may receive PTM configuration(s) without being switched to RRC_CONNECTED state. 
Proposal 7: Group paging or SIB may be used to notify UEs in RRC_INACTIVE state about the availability of PTM configuration(s). 
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