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In RAN2#121 meeting [1], the following agreements are made:
UE shall join in the multicast session before receiving multicast in RRC INACTIVE.
If network finds it useful, the PTM configuration for the (single) serving cell can be configured to UE before the session activation, and UE stores the configuration. When session is activated, UE can receive multicast in INACTIVE state by applying the configuration without going back to RRC_CONNECTED, if not updated by MCCH after being configured.
When network configures UE to receive multicast in INACTIVE state, RRCRelease message with suspendconfig can be used to deliver the PTM configuration. Other dedicated RRC messages will not be used to provide PTM configuration for MBS multicast for INACTIVE.
We introduce a new MCCH logical channel for multicast in INACTIVE (different from broadcast MCCH)
Multicast MCCH configuration is provided via new SIB. 
Optionally, Multicast MCCH configuration for the serving cell can also be provided in dedicated signalling. Understanding is we are not optimizing mobility case because of this.
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. 
RAN2 has made a good progress on multicast reception in RRC_INACTIVE, in this contribution, we discuss further based on the achieved agreement.
2 Discussion
2.1 Background
For now, RAN2 has made a big step on the progress for multicast reception in RRC_INACTIVE. RRCRelease and Multicast MCCH are introduced to provide the PTM configuration used in RRC_INACTIVE. Based on the RAN2#121b guideline, further details of PTM configuration, service continuity, notification and RRC state transition need to be discussed, including:
- FFS whether the network can provide PTM configuration for intra-gNB cells
- PTM configuration structure (message, parameters etc.)
- Notifications/group paging enhancements due to session activation/deactivation or due to Inactive multicast reception on/off
- MCCH change notification vs. (group) Paging for different cases
- Service continuity during mobility
Therefore, in this contribution, we give our views on these parts.
2.2 PTM configuration
Issue 1 - FFS whether the network can provide PTM configuration for intra-gNB cells
in last RAN2#121 meeting, we agreed that Serving cell will not provide the PTM configuration of neighbour cells from other gNBs, thus RAN3 workload could be alleviated as no additional XnAP signal interactions. But the case of intra-gNB is still FFS here.
To our understanding, why RAN2 raise this issue (i.e., providing PTM configuration of neighbour cell) is to match the scenario where only RRCRelease to provide the PTM configuration. But now since Multicast MCCH is introduced, UE can acquire PTM configuration when reselect to a new cell by reading MCCH. Providing the PTM configuration of neighbour cells is not so critical in this case. Furthermore, the validity of PTM configuration should be considered, UE cannot ensure whether the previously stored PTM configuration for neighbour cell is still valid or not when cell reselection happen, it cause UE anyway needs to acquire PTM configuration by reading MCCH in the new cell. Therefore, there is no need for serving cell to provide PTM configuration for intra-gNB cells.
Proposal 1: No need for serving cell to provide PTM configuration for intra/inter gNB cells.
Issue 2- PTM configuration structure (message, parameters etc.)
Both RRCRelease and Multicast MCCH can provide UE with PTM configuration for multicast reception in RRC_INACTIVE. More detail is that RRCRelease can provide the initial PTM configuration when UE enters RRC_IANCTIVE, this method can avoid UE additionally reading MCCH also can be as an indication. And for MCCH, it can ensure RRC_INACTIVE UE to acquire the subsequent (possible updated) PTM configuration also for mobility case. However only one PTM configuration can be applied, the UE behaviour should be specified, for example the Multicast MCCH information acquisition procedure overwrites any previously stored PTM configuration (i.e., delta configuration is not applicable for MCCH information and the UE discontinues using a field if it is absent in MCCH information).
Proposal 2: The Multicast MCCH information acquisition procedure overwrites any previously stored PTM configuration.
2.3 Notification and RRC state transition
Issue 3 - Notifications/group paging enhancements due to session activation/deactivation or due to Inactive multicast reception on/off
In post email discussion [2], notification was being discussed, here we further discuss more details.
Firstly we need to clarify what is activation / data transmission resume and what is deactivation / temporarily no data. To our understanding, activation/deactivation is more general, which means whether UE need to monitor PDCCH with G-RNTI or not. For data transmission resume / temporarily no data, it is just the current status of session, but eventually should be reflected by the indication of activation and deactivation. For example, if there is temporarily no data coming, it is up to network that whether to send a deactivation indication to UEs. 
Therefore, there is no need to differentiate activation and data transmission resume, deactivation and temporarily no data. It can be left to network implementation to determine whether should send a notification.
Proposal 3: No need to differentiate activation and data transmission resume, deactivation and temporarily no data, it can be left to network implementation to determine whether should send a notification.
For group paging enhancement, to our understanding, UE anyway need to monitor paging and group paging is already per-TMGI (session) configuration. If network need to notify any one of the session state, one simple solution can solve all the cases is that adding additional indication to each TMGI in the pagingGroupList, example like, using paging cause (session activate in Connected / Inactive, session deactivate) to correspond to each TMGI. Note that here we are not discussing UE specific notification (e.g., let one specific UE back to RRC_CONNECTED), we are discussing per session notification.
Proposal 4: Using paging cause corresponding to each TMGI in the pagingGroupList to notify multicast session state, such as session activation (FFS whether need to differentiate RRC_CONNECTED and RRC_INACTIVE), and session deactivation, etc.
Issue 4 - MCCH change notification vs. (group) Paging for different cases
The initial reason why we need MCCH is that:
1. To provide the updated PTM configuration for RRC_INACTIVE UE;
2. To provide PTM configuration when UE reselect to a new cell.


Fig.1 unnecessary MCCH monitoring
The cost of this mechanism is that UE need to continuously monitor MCCH during RRC_INACTIVE for possible updated PTM configuration (which may be a seldom reconfiguration) even though there is no any updated PTM configuration, which increases UE power consumption. But we can still figure out some solutions to control MCCH monitoring behaviour, then UE does not have to always monitor MCCH for possible PTM reconfiguration. But if notification (e.g., session activation, session deactivation) is introduced in MCCH, probably MCCH monitoring should not be stopped as the frequency of MCCH notification may not be low.
Compared with group paging, again, UE anyway need to monitor paging and group paging is already per-TMGI (session) configuration. If notification is put into MCCH, it will cause unnecessary “double monitor”, i.e., both paging occasions and MCCH occasions. Therefore putting notification in Group paging is more sufficient than MCCH. 
Proposal 5: Multicast MCCH only to provide PTM configuration for update reason and cell reselection case.
Proposal 6: RAN2 is suggested to consider how to avoid unnecessary MCCH monitoring.
However if we eventually agree that having a mixed solution, i.e., both Group paging and MCCH can provide notification, in this case, the notification of group paging can be applied when MCCH is not available.
2.4 Service continuity
Issue 5 - Service continuity during mobility
Although UE can acquire the PTM configuration by reading MCCH after cell reselection, there are still some optimizations could be discussed before cell reselection. 
Based on the current spec, UE reselect to a new cell based on cell reselection rule including frequency priority, R criterion. Considering there could be some neighbour cells which does not provide Multicast service, thus multicast-specific frequency priority can be considered to let UE optimally reselect to a multicast providing cell rather than the best cell but not providing multicast service. 
There could be some arguments that UE is not always expecting to stay in RRC_INACTIVE to receive multicast service, if the reselected neighbour cell is not a “congested” cell, UE better back to RRC_CONENCTED to receive multicast. However, it is not contradictory that as long as cell reselection mechanism is performed, frequency priority is anyway helpful for UE to find some multicast providing cells no matter it is congested or not. Actually network may set the frequency priority based on this additional information – “congestion” by NW implementation. And eventually the subsequent UE behaviour (e.g., whether to back to RRC_CONNECTED or not) could be done after cell reselection. 
Proposal 7: Multicast-specific frequency priority can be further considered. Details FFS.
For multicast, the same service and the same specific content data are provided simultaneously to a dedicated set of UEs. It can be seen that the multicast scheduling is not only for an individual UE, i.e., scheduling scheme is uniform. In legacy, gNB can determine the scheduling based on CSI feedback from large number of RRC_CONNECTED UEs. However, RRC_INACTIVE UE cannot report its channel information to network, once such UE is experiencing poor channel environment due to mobility (and no better cell for reselection), the performance of multicast reception will be degraded but network is still not aware of the situation. In this case, RRC_INACTIVE UE should be responsible for its own multicast scheduling.
In our understanding, if for power saving reason, UE is in RRC_INACTIVE but cannot receive multicast very well (e.g., channel quality is not good enough), the UE can fall back to RRC_CONNECTED to let network know this channel quality and network may make some modifications such as modifying scheduling, using PTP mode or unicast bearer, and so on. 
Since UE still performs measurements in RRC_INACTIVE, some measurement criteria can be introduced to determine whether UE should fall back to RRC_CONNECTED for multicast reception or not. In a word, multicast scheduling problem due to channel quality for RRC_INACTIVE UE should be considered.
Proposal 8: RAN2 is suggested to consider the multicast scheduling problem due to channel quality for RRC_INACTIVE UE.
3 Conclusions
Proposal 1: No need for serving cell to provide PTM configuration for intra/inter gNB cells.
Proposal 2: The Multicast MCCH information acquisition procedure overwrites any previously stored PTM configuration.
Proposal 3: No need to differentiate activation and data transmission resume, deactivation and temporarily no data, it can be left to network implementation to determine whether should send a notification.
Proposal 4: Using paging cause corresponding to each TMGI in the pagingGroupList to notify multicast session state, such as session activation (FFS whether need to differentiate RRC_CONNECTED and RRC_INACTIVE), and session deactivation, etc.
Proposal 5: Multicast MCCH only to provide PTM configuration for update reason and cell reselection case.
Proposal 6: RAN2 is suggested to consider how to avoid unnecessary MCCH monitoring.
Proposal 7: Multicast-specific frequency priority can be further considered. Details FFS.
Proposal 8: RAN2 is suggested to consider the multicast scheduling problem due to channel quality for RRC_INACTIVE UE.
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