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1 Introduction
In the previous RAN2 meeting, the corresponding agreements regarding multicast reception in the RRC_INACTIVE state had been achieved [1],
	· In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:
-	Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.
-	Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session
FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.
· 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 supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this. 
· 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.
· The following is taken as baseline: we assume the same PDCCH/PDSCH resources (e.g. resources used for MTCH) can be used for all UEs (including UEs in CONNECTED and/or INACTIVE states) for receiving the same multicast session. Different configuration/resources are not precluded as well. FFS what exactly can be common and what not (e.g. HARQ, SPS etc.) and what is needed in addition (to legacy PTM config).
· 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
· HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE. 
· 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. 


[bookmark: OLE_LINK70]In this contribution, we would like to provide our further understanding on multicast reception in RRC_INACTIVE state from the perspective of configuration acquisition, RRC handling, and state transition.

[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
2.1 Configuration delivery 
2.1.1 Delivery method
Based on TS 23.247 [2], the following definition and authorization requirements are specified for NR multicast service.
	Multicast communication service: A 5GS communication service in which the same service and the same specific content data are provided simultaneously to a dedicated set of UEs (i.e., not all UEs in the multicast coverage are authorized to receive the data).
The following authorizations are defined:
a)	Whether the UE is authorized to use the Multicast service in the PLMN.
b)	The authorization for a UE of receiving the content of a specific multicast MBS session.
A Multicast MBS session may be "open to any UEs".
NOTE 1:	UE authorization for a specific Multicast MBS session can be implicitly performed when UE is configured for a specific Multicast MBS session, e.g. via Service Announcement for public safety use case.
NOTE 2:	The authorization mentioned by a) is required even if an authorization according to b) is available. If the UE is not authorized to use the Multicast service by the PLMN, the UE is not authorized to join any multicast MBS Session even if the Multicast MBS session is "open to any UEs".
For a Multicast MBS session, it is required that the 5GC authorizes the UE based on the MBS subscription data and whether the Multicast MBS session is "open to any UEs", which are preconfigured, or provided by the AF (see clause 7.1.1).



For NR multicast, it is known that only authorized UEs are permitted to receive the multicast data. In other words, the UEs without authorization to access NR multicast are forbidden to receive any multicast content even though they are already in the multicast coverage. 
Observation 1: The UEs without authorization to access NR multicast are forbidden to receive any content of specific multicast service.
In our understanding, RAN2 needs to take the authorization check for NR multicast into account, when deciding the mechanism to deliver the configuration used for multicast reception in RRC_INACTIVE. Specifically, to get rid of multicast configuration exposure, RRC dedicated message is supposed to be used for the configuration delivery. Thus, we propose, 
Proposal 1: Configurations for multicast reception in RRC_INACTIVE state can only be indicated via RRC dedicated message (i.e. Solution based on SIB+MCCH is precluded).
2.1.2 Configuration content
Further, we need to consider the configuration validation cell. Basically, there are three possible opinions, 
· Option 1: The configuration is only valid in a cell that is the serving cell in which the UE received RRC Release message with suspendConfig.
· Option 2: The configuration is only valid in a cell (indicated by NW) that is different than the serving cell in which the UE received RRC Release message with suspendConfig.
· Option 3: The configuration is valid within an area. 
Firstly, we think Option 3 can be excluded in Rel-18 as RAN2 had discussed the area-specific NR MBS support in Rel-17. Finally, due to the complexity of transferring configurations (e.g. more Xn interaction is foreseen) and the inflexibility of aligning configurations (e.g. it is difficult to manage the same transmission parameters) amongst multiple cells, the concept of area-specific NR MBS is not specified. For Rel-18, we assume the same logic is still applicable. Instead, the NW may page the UE back to the CONNECTED state, after which the UE can acquire the new multicast configuration for multicast reception in either the CONNECTED state or the INACTIVE state. In this sense, we think Option 1 is not essential for Rel-18 MBS. For Option 2, the network needs to associate the configuration with a serving cell. It inevitably incurs a more complicated signaling design and may have impacts on the cell selection process (e.g. the UE is expected to select that cell with multicast configuration on a given prioritized frequency). Frankly, the performance gain is not clear. Besides, the network has the control to choose a cell it wants for transmitting the RRC Release message. By implementation, it can always send the RRC Release message on the cell that supports multicast reception for RRC_INACTIVE UEs. Regarding Option 3, it is quite straightforward and should be supported in Rel-18 as a baseline. So we propose the 
Proposal 2: Configurations for multicast reception in RRC_INACTIVE state are only valid in the cell that is the serving cell in which the UE received RRC Release message with suspendConfig.
Further, in the WI, it also mentions that “In Rel-17, RAN only specifies multicast for UEs in RRC_CONNECTED state, which may not fully fulfill the requirements of, e.g., Mission Critical Services, especially for cells with a large number of UEs according to TR 23.774. Also, to always keep UEs in RRC_CONNECTED state is not power efficient. It is ‎therefore important to support multicast for UEs in RRC_INACTIVE”. In our understanding, on one hand, multicast reception in RRC_INACTIVE generally is intended to help to relieve the heavy load on the scarce PUCCH resources (i.e. the NW may release the UEs that are only interested in multicast service to RRC_INACTIVE and reserve the PUCCH resources for the other UEs with frequent unicast transmission, accommodating more UEs to communicate within the same serving cell). On the other hand, it further helps the UEs in the cell center edge with low mobility to keep multicast reception without performing RRM-related measurements (e.g. RLM, BFD) and SRS transmission. In this sense, to maximize the benefit brought by multicast reception in RRC_INACTIVE, we think PUCCH and SRS transmission are not required. Meanwhile, RLM, BFD, and BFR procedures are also not required.
Observation 2: Multicast reception in RRC_INACTIVE is intended for UL resources offload and UE power saving.
Proposal 3: RLM, BFD, and BFR configurations are not required for multicast reception in RRC_INACTIVE.
[bookmark: OLE_LINK16]Next, for Rel-15/16/17 RRC_INACTIVE UEs, configured measurement gap by the network is not supported for itner-frequency measurement. For Rel-18 multicast reception in RRC_INACTIVE, although data transmission misalignment between the gNB and UEs in the time domain can be avoided with an explicit measurement gap configuration, for simplicity, we prefer to not introduce optimization. If high QoS requirements are expected, the network anyway can use group paging to transit the UEs back to RRRC_CONNECTED. Thus, here are the last proposal, 
Proposal 4: Measurement gap configuration is not supported for multicast reception in RRC_INACTIVE.
Besides, for Rel-15/16/17 RRC_INACTIVE UEs, it always assumes the bandwidth and location of the initial DL BWP are the same as those of CORESET 0. If we reuse this legacy principle for multicast reception in Rel-18, without a doubt, the bandwidth might be not large enough to support some multicast services requiring high throughput. To as fully as possible fulfill the requirement of multicast reception, similarly to the Rel-17 NR MBS broadcast, we think the common frequency resource (CFR) for group-common PDCCH/PDSCH of multicast reception will cover the following cases: 
· [Case E] the case where a CFR is defined with the following properties:
· The CFR is different than the initial BWP, and is not larger than the carrier bandwidth.
· The CFR needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· [Case A] A CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· [Case C] A CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
Some may argue that the UE should alternatively use the dedicated BWPconfiguration with multicast CFR that is used when the UE is in the CONNECTED state. From the feasibility point of view, it is practice. However, BWP switching in RRC INACTIVE may be needed when the UEs need to monitor the paging message or trigger the RA procedure. What’s worse, additionally indicating the dedicated BWP configuration (for releasing the UE-dedicated configuration for DL and cell-specific UL configuration) requires more normative attention. By comparing the pros and cons of initial BWP and dedicated BWP solution, we suggest that the CFR concept for broadcast and initial BWP (or Redcap-specific initial BWP) can be reused for the Rel-18 multicast reception in RRC_INACTIVE state. Note that, by proper network configuration, the CFR resource used for RRC_CONNECTED UEs can be the same as that for RRC_INACTIVE UEs.


Figure 1: CFR configuration for multicast reception in RRC_INACTIVE
Proposal 5: CFR used for multicast reception in RRC_INACTIVE can be configured to support the following cases:
· [Case E] the case where a CFR is defined with the following properties:
· The CFR is different than the initial BWP, and is not larger than the carrier bandwidth.
· The CFR needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· [Case A] A CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· [Case C] A CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
Proposal 6: Only initial BWP is used for multicast reception in RRC_INACTIVE. 
2.2 UE behavior upon the reception of configuration
Based on the discussion above, we hypothesize that the RRC Release message with suspendConfig is used to acquire multicast configuration. Then we have to further discuss the corresponding UE behavior (e.g. multicast MRB handling) upon the reception of configuration. 
In Rel-17 NR MBS, the multicast MRB establishment is performed when mrb-ToAddModList is included in the RRC Reconfiguration message and the broadcast MRB establishment may be started when becoming interested in the MBS broadcast service. For the multicast reception in RRC_INACTIVE in Rel-18, obviously, the UE had already joined a specific multicast service with interest when it is in RRC_CONNECTED. And the network is feasible to establish or modify the corresponding multicast MRB before releasing the UE into RRC_INACTIVE. In other words, the UE, which is capable to perform multicast reception in RRC_INACTIVE, can acquire the multicast MRB configuration (e.g. RLC bearer configuration) during the state in RRC_CONNECTED. 
Then, considering scenario 1 as agreed in the previous meeting, the UE is expected to continue the multicast reception, so it should restore the multicast MRB configuration, keep the multicast MRB (associated with only an RLC entity used for PTM reception) resumed, and immediately configure/apply the physical layer and MAC entity in accordance with the L1/L2-level multicast PTM configuration (e.g. search space configuration, multicast DRX configuration). Moreover, for scenario 2 as agreed in the previous meeting, we assume the time duration gap between the RRC suspension and session activation should be small so that the configurations are update to data. And then the just-mentioned UE behavior can be adopted for scenario 2 as well, achieving a unified behavior (i.e. no newly introduced session activation indication is needed, as shown in Figure 2).


Figure 2: Configuration handling in case of scenarios 1&2
Based on the considerations above, it seems a spontaneous logic that the UE shall. 
Proposal 7: For multicast reception in RRC_INACTIVE, when receiving RRC release with suspendConfig (potentially including multicast-related configuration), the UE can at least perform the following actions:
· MAC is reset except multicast DRX or GC-SPS. 
· SRBs and DRBs are suspended except SRB0, and keep operating multicast MRB(s) associated with only an RLC entity used for PTM reception.
· Configure the PHY layer in accordance with multicast PTM configuration.
Proposal 8: No new session activation indication is defined.
2.3 Failure handling
If Proposal 7 above can be agreeable, then the UE will keep the necessary multicast configurations upon the reception of the RRC Release message. And then, after transiting into RRC_INACTIVE, the UE will continuously monitor the PDCCH for multicast reception. However, also assuming Proposal 3 is agreeable, the UE may fail to receive the multicast data while keeping monitoring PDCCH for a time due to poor radio quality (e.g. beam failure). In such a case, as RLM/BFR mechanisms are not available for the INACTIVE UE and the NW can neither know the channel state of the UEs nor freely indicate the UE-specific reconfiguration, the UE has no choice but to monitor the PDCCH in vain. As a result, unnecessary power consumption is inevitable until cell reselection is implemented.
To avoid such embarrassment, RAN2 should consider early recovery for the RRC_INACTIVE UEs with multicast reception. For instance, upon detecting multicast reception failure (e.g. moving out of the coverage area of multicast service), the UE should be allowed to trigger RRC resumption, so that the network can access the UE and reconfigure it appropriately.
Proposal 9: For the UE receiving multicast in RRC_INACTIVE, RRC resumption is initiated upon detecting multicast reception failure.
2.4 Handling of non-MRB data 
During the multicast reception in RRC_INACTIVE, we think the following cases need to be considered,
· DL message is sent by the network to further reconfigure or release the multicast configuration (e.g. the network wants to make RRC_INACTIVE UEs go back to RRC_CONNECTED and informs of multicast session stop, along with configuration release).
· UL message is sent by the UE as interest change (e.g. the UE generates the NAS message to report session join/leave and initiates RRC resumption).


Figure 3: non-MRB data arrival during multicast reception in RRC_INACTIVE
For the DL message case, we think the Rel-17 MR MBS group paging mechanism can be reused. Specifically, the UE can simultaneously monitor group paging on its own PO. If the network would like to change the multicast configuration, it can include the TMGI associated with a multicast service in the paging message. As a response, the Rel-18 RRC_INACTIVE UE will initiate the RRC resumption procedure and go to RRC_CONNECTED. After that, we think the network may keep the UEs in RRC_CONNECTED to finish the multicast reception, or reconfigure the multicast configuration and send the UEs back to RRC_INACTIVE again for subsequent multicast reception. Meanwhile, to avoid negative impact (e.g. paging false alarm) on the Rel-17 multicast UE in RRC_IDLE/RRC_INACTIVE state, a new paging record list should be used for group configuration update notification (i.e. the Rel-17 paging record list is used to transit both Rel-17/Rel-18 UEs back to RRC_CONNECTED and the Rel-18 paging record list is only used to transit Rel-18 UEs back to RRC_CONNECTED for configuration update). Thus, our proposal is given as follows, 
Proposal 10: For the UE receiving multicast in RRC_INACTIVE, use a new paging record list for group common configuration update. 
For the UL message case, it is beneficial to let the network be aware of the UE’s interests in multicast services in time. Based on the newly reported session join/leave, the network can determine whether to reconfigure or release the already configured multicast configuration or transit the UE back to RRC_CONNECTED. So, we propose the following proposal, 
Proposal 11: During the multicast reception in RRC_INACTIVE, RAN2 confirms UE session join/leave procedure is supported (i.e. reusing the legacy behavior).
3 Conclusion
In this contribution, we have provided our considerations on the support of multicast reception in RRC_INACTIVE. All our observations and proposals are summarized as follows,
Observation 1: The UEs without authorization to access NR multicast are forbidden to receive any content of specific multicast service.
Observation 2: Multicast reception in RRC_INACTIVE is intended for UL resources offload and UE power saving.
Proposal 1: Configurations for multicast reception in RRC_INACTIVE state can only be indicated via RRC dedicated message (i.e. Solution based on SIB+MCCH is precluded).
Proposal 2: Configurations for multicast reception in RRC_INACTIVE state are only valid in the cell that is the serving cell in which the UE received RRC Release message with suspendConfig.
Proposal 3: RLM, BFD, and BFR configurations are not required for multicast reception in RRC_INACTIVE.
Proposal 4: Measurement gap configuration is not supported for multicast reception in RRC_INACTIVE.
Proposal 5: CFR used for multicast reception in RRC_INACTIVE can be configured to support the following cases:
· [Case E] the case where a CFR is defined with the following properties:
· The CFR is different than the initial BWP, and is not larger than the carrier bandwidth.
· The CFR needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· [Case A] A CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· [Case C] A CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
Proposal 6: Only initial BWP is used for multicast reception in RRC_INACTIVE. 
Proposal 7: For multicast reception in RRC_INACTIVE, when receiving RRC release with suspendConfig (potentially including multicast-related configuration), the UE can at least perform the following actions:
· MAC is reset except multicast DRX or GC-SPS. 
· SRBs and DRBs are suspended except SRB0, and keep operating multicast MRB(s) associated with only an RLC entity used for PTM reception.
· Configure the PHY layer in accordance with multicast PTM configuration.
Proposal 8: No new session activation indication is defined.
Proposal 9: For the UE receiving multicast in RRC_INACTIVE, RRC resumption is initiated upon detecting multicast reception failure.
[bookmark: _GoBack]Proposal 10: For the UE receiving multicast in RRC_INACTIVE, use a new paging record list for group common configuration update. 
Proposal 11: During the multicast reception in RRC_INACTIVE, RAN2 confirms UE session join/leave procedure is supported (i.e. reusing the legacy behavior).
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