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Introduction
In the Rel-18 enhancements for NR MBS WI, we have the following objective for multicast enhancement.
	· 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 this contribution, we introduce the overall procedure and characteristic for multicast in Rel-17. Then we discuss the characteristics which are needed to support multicast reception in RRC INACTIVE state. Finally, we provide possible ways to solve the issues in different cases.
Discussion
Characteristic for multicast in Rel-17
In the Rel-17 MBS, the multicast is defined as the same content data provided to a dedicated set of authorized UEs simultaneously. A UE can only receive a multicast service in RRC_CONNECTED state, with PTP and/or PTM delivery. The HARQ feedback/retransmission can be applied to multicast service.
If a UE is interested in a multicast session, the UE shall join in the multicast before or after multicast session start. If the multicast is not start yet, UE can go to RRC IDLE or INACTIVE state for power saving, and a group notification mechanism is used to notify UE(s) to go back to RRC RONNECTED state to receive multicast service.
For the reception of multicast service in RRC CONNECTED states, the MRB is configured or reconfigured by RRC message. The MBS data may be delivered via PTP and/or PTM transmission by gNB. The PTP transmission is provided to single UE independently, with C-RNTI to schedule the UE specific PDSCH. The PTM transmission is provided to a group of UEs, with G-RNTI to schedule the group-common PDSCH. The gNB can dynamically decides to deliver multicast data via PTP and/or PTM if both transmission is configured.
According to the above introduction and compared with broadcast, we can make a brief summary based on the characteristic for multicast in Rel-17.
· Authorized and awareness. The UE have to be authorized to receive multicast service. The network is aware of UE receiving multicast, and the configuration is indicated by RRC signaling.
· Dynamic scheduling. The network has different ways to deliver multicast data to UE(s). PTM can be used for spectrum efficiency, and PTP can be used if the channel conditions get worse.
· Legacy service continuity. When UE moves out of the serving cell, the legacy handover procedure will be performed to switch to neighbour cells (assume both cells support multicast).
· Relatively high reliability. Compared with broadcast, the HARQ retransmission can be applied to multicast in both PTP and PTM transmission. Moreover, RLC AM can be used in PTP transmission to further enhance the reliability if needed. The lossless handover is supported among the MBS supporting cells by PDCP SN continuity.
· Group notification. A group notification mechanism is used to notify UEs when the multicast is start. The RRC signaling will then be used to configure the MRB for UE.
Characteristics and issues to support multicast in RRC INACTIVE state
The WID for Rel-18 states to specify multicast reception by UE in RRC INACTIVE states. Specifically, to specify the PTM configuration, the impact of mobility and state transition for UEs to receive multicast in RRC INACTIVE states.
Based on the previous discussion, we need to first discuss whether the characteristics for Rel-17 multicast should be reused for multicast reception in RRC INACTIVE states, and whether there are issues to support them.
Authorization
In our understanding, the UE receive multicast service should be authorized first, which is the biggest difference from broadcast and should be the baseline for multicast. In other word, the network should be aware of UE’s request and decide whether the UE can receive the multicast service when UE joins the multicast session. Therefore, we suggest to keep this characteristic for multicast reception in RRC INACTIVE state. Otherwise, there is no need to introduce multicast in RRC INACTIVE state and the legacy broadcast reception in RRC INACTIVE can be used instead.
Observation 1: Compared with broadcast reception, not all UEs in the multicast service area are authorized to receive the multicast data.
Proposal 1: For multicast reception in RRC INACTIVE state, the authorization procedure for multicast service in Rel-17 is maintained. I.e., UE shall request to join the multicast session before receives the multicast data in RRC INACTIVE.

PTM and PTP transmission
The PTP transmission for multicast is to deliver the multicast data to a single UE with C-RNTI to schedule the UE specific PDCCH and PDSCH. For multicast reception in RRC INACTIVE state, it is difficult to use the same method since C-RNTI is not assigned in RRC INACTIVE state. Therefore, we suggest only to support PTM transmission for multicast reception by UEs in RRC INACTVE state.
Observation 2: PTP transmission use the UE specific PDCCH scrambled by C-RNTI, which is not assigned to UE in RRC INACTIVE state.
Proposal 2: PTP is not used for multicast reception in RRC INACTIVE state.

Reliability
For multicast reception in RRC INACTIVE state, there is no uplink logical channel, and it is difficult to use the RLC-AM for PTM transmission in RRC INACTIVE state. To simplify the complexity for RLC entity. We suggest to only support DL only UM RLC configuration for PTM transmission in RRC INACTIVE state.
Proposal 3: RLC-AM is not supported for multicast reception in RRC INACTIVE state.
For the HARQ retransmission, it can be applied to multicast PTM transmission in Rel-17 by two configurations: ACK/NACK and NACK only HARQ feedback. For multicast reception in RRC INACTIVE state, the HARQ feedback for multicast cannot be supported as legacy ways. RAN2 can discuss the possibility for introducing HARQ feedback for multicast in RRC INACTIVE in terms of reliability requirement and the complexity, and also to discuss whether there is RAN1 impact.
Proposal 4: RAN2 to discuss the possibility to support HARQ retransmission for multicast reception by UEs in RRC INACTIVE state, and clarify whether there is RAN1 impact.

Group notification mechanism
In Rel-17 multicast, when UE joins the multicast session when the session is not start yet, UE can switch to RRC IDLE or INACTIVE state for power saving. A group notification mechanism is used to notify the UEs when the multicast session is about to start. For multicast reception in RRC INACTIVE state, we see no difficulty to reuse such mechanism to notify UE in IDLE/INACTIVE states. 
Proposal 5: The group notification mechanism can be reused to notify UEs to receive multicast in RRC INACTIVE state.

PTM configuration
For multicast reception by UEs in RRC INACTIVE state, the PTM configuration can be different. The reason is the legacy PTM configuration is not simple enough for UE to receive in RRC INACTIVE, especially when the session is not start and UE go back to RRC IDLE or INACTIVE state. 
If UE is not in RRC CONNECTED, UE may need to perform state transition multiple times after receiving the group paging notification. E.g., UE have to switch from RRC IDLE/INACTIVE -> CONNECTED ->INACTIVE to receive multicast in RRC INACTIVE state. 
Observation 3: In legacy ways, UE may need to perform state transition multiple times after receiving the group paging notification to receive multicast in RRC INACTIVE if UE is not in RRC CONNECTED.
Considering the state transition, it is more efficient and convenient for UE to set PTM configuration directly without switching back to RRC CONNECTED states (assuming that UE is already in RRC INACTIVE state). Therefore, we suggest to specify the support of PTM configuration directly in RRC INACTIVE state to facilitate the configuration procedure for multicast reception in RRC INACTIVE. (We consider this as one issue to support multicast in RRC INACTIVE state)
Proposal 6: Support the PTM configuration in RRC INACTIVE directly for UE receiving multicast in RRC INACTIVE state.
Proposal 7: RAN2 to specify the support of PTM configuration directly for UE in RRC INACTIVE state.

Mobility
The mobility for multicast in RRC INACTIVE may be very different from RRC CONNECTED. The main reason is the RRC states are different, and the legacy mobility mechanism in RRC CONNECTED (e.g., Beam level mobility and cell level mobility) cannot work well in RRC INACTIVE state. 
If UE switches to RRC CONNECTED to handover, it takes multiple states transitions and will bring impact to the performance by more latency and data interruption time. Therefore, a new kind of service continuity mechanism may be introduced for multicast reception in RRC INACTIVE state without switching to RRC CONNECTED state. (We consider this as another issue to support multicast in RRC INACTIVE state)
Observation 4:  If UE receiving multicast in RRC INACTIVE switches to RRC CONNECTED for handover, it takes multiple states transitions and will bring impact to the performance by more latency and data interruption time.
Proposal 8: A mobility mechanism for multicast reception in RRC INACTIVE states is introduced without switching to RRC CONNECTED. 
If proposal 8 is agreed, we can further discuss the details to support such kind of mobility mechanism for RRC INACTIVE. One characteristic in RRC INACTIVE state is that network does not know which cell the UE is camping on. However, for UE receiving multicast, it may be helpful if the network knows which cell UE is camping on, and then perform path switch and configuration for target cell to UE. The network can get this information by UE’s request, and the following configuration can be up to the discussion for proposal 7 (PTM configuration) without switching back to RRC CONNECTED. 
Proposal 9: Signaling can be used to inform the network for the cell switch request if UE is receiving multicast in RRC INACTIVE state.

Possible solutions for the issues
Base on the previous discussion, we specify two issues for supporting multicast reception in RRC INACTIVE.
1. To support PTM configuration in RRC INACTIVE state. (Proposal 6 and 7)
2. To support service continuity for multicast in RRC INACTIVE. (Proposal 8)
For issue 1, the PTM configuration is indicates by RRCReconfiguration message for UE in RRC CONNECTED state in Rel-17. To keep the similarity with legacy multicast, we prefer to keep using RRC message for the PTM configuration by UEs in RRC INACTIVE states. 
For RRC INACTIVE UEs, it may receive several kind of RRC message from network:
1) RRCRelease message to switch to RRC IDLE state
2) RRCResume message to switch to RRC CONNECTED state
3) RRCRelease message with suspendconfig to maintain in RRC INACTIVE state


Figure 1 Several possible state transition for RRC INACTIVE state
If a UE is configured to receive multicast in RRC INACTIVE state, no matter UE is in CONNECTED or INACTIVE state, RRCRelease message with suspendconfig can be used to indicate PTM configuration and switch to/stay in RRC INACTIVE state. Therefore, we think this is a possible way to solve the issue for PTM configuration.
Proposal 10: RRCRelease (with suspend) message can be used to indicate PTM configuration for UE to receive multicast in RRC INACTIVE state.

Conclusion
In this contribution, the following observation is made:
Observation 1: Compared with broadcast reception, not all UEs in the multicast service area are authorized to receive the multicast data.
Observation 2: PTP transmission use the UE specific PDCCH scrambled by C-RNTI, which is not assigned to UE in RRC INACTIVE state.
Observation 3: In legacy ways, UE may need to perform state transition multiple times after receiving the group paging notification to receive multicast in RRC INACTIVE if UE is not in RRC CONNECTED.
Observation 4: If UE receiving multicast in RRC INACTIVE switches to RRC CONNECTED for handover, it takes multiple states transitions and will bring impact to the performance by more latency and data interruption time.

Based on the observation, the following proposals are made: 
Proposal 1: For multicast reception in RRC INACTIVE state, the authorization procedure for multicast service in Rel-17 is maintained. I.e., UE shall request to join the multicast session before receives the multicast data in RRC INACTIVE.
Proposal 2: PTP is not used for multicast reception in RRC INACTIVE state.
Proposal 3: RLC-AM is not supported for multicast reception in RRC INACTIVE state.
Proposal 4: RAN2 to discuss the possibility to support HARQ retransmission for multicast reception by UEs in RRC INACTIVE state, and clarify whether there is RAN1 impact.
Proposal 5: The group notification mechanism can be reused to notify UEs to receive multicast in RRC INACTIVE state.
Proposal 6: Support the PTM configuration in RRC INACTIVE directly for UE receiving multicast in RRC INACTIVE state.
Proposal 7: RAN2 to specify the support of PTM configuration directly for UE in RRC INACTIVE state.
Proposal 8: A mobility mechanism for multicast reception in RRC INACTIVE states is introduced without switching to RRC CONNECTED.
Proposal 9: Signaling can be used to inform the network for the cell switch request if UE is receiving multicast in RRC INACTIVE state.
Proposal 10: RRCRelease (with suspend) message can be used to indicate PTM configuration for UE to receive multicast in RRC INACTIVE state.
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