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 Introduction

In this paper, we will analyze potential issues about supporting multicast for UEs in RRC_INACTIVE.
 Additional information from 5GC
In the last meeting, regarding the selection of multicast which can be received by RRC_INACTIVE UE, there was a discussion about the information which should be considered by gNB. The agreements are as follows:
	The gNB decides whether a UE is configured to receive multicast data in RRC_INACTIVE. The gNB may take at least the following information into account based: 5QI, PER, ARP, and expected UE Activity Behaviour, information locally available at the gNB and other.

In particular, there is no consensus and the justification is needed:

- whether per session indication from 5GC is needed to decide whether a UE can be configured to receive multicast data in RRC_INACTIVE state.

- whether per UE indication from 5GC is needed, to allow or prevent a specific UE from being configured to receive multicast data in RRC_INACTIVE state.


And in the LS back to SA2, RAN3 also just formulate the same view, that is, whether additional information from 5GC is needed when deciding whether a UE is configured to receive multicast data in RRC_INACTIVE still needs more justification.
	RAN3 answer to Q1d) Whether the existing QoS parameters of MBS QoS Flow(s) are enough or some additional parameter is needed for NG-RAN to differentiate different MBS session and UE, which can be used by NG-RAN to decide how to deliver the MBS data. And to Q2: SA2 would like to receive feedback on the value of such assistance information from RAN perspective?
The gNB decides whether a UE is configured to receive multicast data in RRC_INACTIVE.
The gNB may take at least the following information into account when deciding to enable UEs receiving multicast in RRC_INACTIVE state:
the radio capabilities of the UE (whether “multicast over RRC_INACTIVE” is supported)
multicast context information (e.g. the QoS parameters not associated to any specific UE)
information available locally at the gNB (e.g. cell load)


Whether and which indication information from 5GC to enable RRC_INACTIVE multicast reception is needed for the gNB still need more justification.
RAN WGs including RAN3 shall be evaluating such indication information further. 
# Indication information per session to allow RRC_INACTIVE reception

Whether UE can be receiving the multicast service in RRC_INACTIVE shall be a decision based on the QoS info itself and other AS layer info. Adding an explicit decision makes above info obsolete.
QoS info is enough for RAN to make scheduling decision, e.g., enable multicast reception for UE in RRC_INACTIVE.
# indication information per UE to allow/prevent RRC_INACTIVE reception

From the perspective of RAN, there is no explicit requirements for multicast reception to distinguish privileged UEs, thus it is not necessary to increase the complexity of AS layer’s design for it. 

Whether the UE is privileged or not can be achieved by “keep alive” signal in the application layer. Or Such UE will anyway be with unicast communication for a prioritized UE or leader UE that takes the floor control in MCPTT communication. Even such UE is released, it can be unicast paged or triggered by UL data back to RRC_CONNECTED as soon as possible with low latency, benefited from the nature of RRC_INACTIVE feature.
From the perspective of RAN, for the same multicast, there is no explicit requirements to distinguish UEs.
Instead of waiting for SA2's further justification, in RAN3 we can make it an assumption or a baseline that no further indication is needed.
Working assumption: No indication information (per multicast session level or per UE level) from 5GC is needed. 

 Mobility in RRC_INACTIVE
In the last meeting, the agreement for mobility in RRC_INACTIVE is as follows:
	NG-RAN signaling supports service continuity for UEs receiving multicast session data in RRC_INACTIVE, i.e., a UE is able to continue multicast reception without RRC state transitioning after cell reselection in RRC_INACTIVE state if the configuration of the new cell is available for the UE. FFS impacts to network interface.

RAN3 starts evaluation on above mobility scenario and its network interface impacts, based on RAN2 progress.

To be continued in next meeting...


UE is allowed to move among cells while receiving multicast data and staying in RRC_INACTIVE if configuration of new cell is available.

Here we give a further analysis about mobility in RRC_INACTIVE based on current PTM configuration delivery method proposed from RAN2.

Option 1 (dedication signaling)

In general, gNB will only deliver the PTM configuration of current cell for the UE, which means, there is always no available PTM configuration for the UE when UE moves to a new cell. Thus UE will always transition to RRC_CONNECTED to obtain PTM configuration when moving to a new cell regardless of whether the new cell is transmitting the same multicast to other INACTIVE UEs.

For Option 1 (dedicated signaling), UE will always transition to RRC_CONNECTED  to obtain PTM configuration when UE moves across cells if gNB will only deliver the PTM configuration of current cell.
If large number of RRC_INACTIVE UEs trigger RRC Resume at the same time, this brings challenges to the scalability of the network, e.g., especially when the neighbouring cell can be congested too. 

RRC resume may be triggered frequently due to multicast receiving UEs' mobility in RRC_INACTIVE, which deteriorates network scalability.
If UE is able to continue to receive the multicast session data in RRC_INACTIVE, i.e., without RRC state transitioning, the frequency of RRC resume will be greatly reduced. 

A possible solution is to deliver neighbor cells’ PTM configuration for UEs which will receive multicast data in RRC_NACTIVE. The scope of neighbor cells will affect UE behavior in mobility scenarios and the design of F1AP and Xn.
For Option 1 (dedicated signaling), neighbor cells’ PTM config delivery to UE can reduce the frequency of RRC resume when UE moves across cells.
# intra-gNB

In this case, gNB will deliver neighbor cells’ PTM configuration in current gNB for the UE by dedicated signaling, there is no enhancement on F1AP and Xn design, only affect Uu design.
If gNB delivers PTM configuration of cells within current gNB by dedicated signaling, there is no impacts to F1AP or XnAP.
According to neighbor cells’ PTM configuration, when UE move to a new cell within the current gNB, UE will continue receiving multicast without RRC state transitioning if PTM configuration of new cell is available. But, if UE move to another gNB, UE will always trigger RRC connection resume to receive multicast.
For Option 1 (dedicated signaling), UE may continue receiving multicast in RRC_INACTIVE when UE moves across cells within current gNB if gNB delivers neighbor cells’ PTM config (intra-gNB).
For Option 1 (dedicated signaling), UE will always trigger RRC resume to obtain PTM configuration when moves across gNBs if gNB just delivers neighbor cells’ PTM config (intra-gNB).
# inter-gNB
In this case, gNB will deliver the PTM configuration of cells in current and neighbor gNBs for the UE by dedicated signaling. To achieve this function, some enhancement in Xn design are needed, such as, exchanging PTM configuration of cells by Xn signaling.

If gNB delivers PTM configuration of cells in neighbor gNBs by dedicated signaling, some enhancement on Xn design are needed, such as exchanging PTM configuration of cells by Xn signaling.
According to neighbor cells’ PTM configuration, when UE move to a new cell/gNB, UE will continue receiving multicast without RRC state transitioning if PTM configuration of new cell is available.
For Option 1 (dedicated signaling), UE may continue receive multicast in RRC_INACTIVE according to neighbor cell’s PTM config (inter-gNB) when UE moves across cells/gNBs. 
For Option 1 (dedicated signaling), if supported, network interfaces need to be enhanced to support cross cell mobility, especially inter-gNB case.
Option 2 (SIB+MCCH)

Due to PTM configuration is delivered by MCCH, UE will always monitor MCCH to obtain PTM configuration at first after moving to a new cell/gNB. If UE can obtain PTM configuration in MCCH, UE will continue to receive multicast data in RRC_INACTIVE, otherwise, UE will transition to RRC_CONNECTED.

For Option2 (SIB+MCCH), if supported, UE may continue to receive multicast in RRC_INACTIVE when moving across cells/gNBs without enhancement to network interface.
 Network awareness to UE in RRC_INACITVE

There is a FFS in the last meeting, that is, how the gNB is aware that it delivers multicast service to UEs in RRC_INACTIVE.

	During an active multicast session, the gNB-DU shall keep the PTM transmission when delivering respective multicast data to RRC_INACTIVE UEs. FFS on how the gNB is aware that it delivers multicast service to UEs in RRC inactive.


In Rel-17, RRC_INACTIVE UE will not notify gNB when it moves in RNA area which can be configured as multiple gNBs, and same principle shall be applied in Rel-18. If UE can get available PTM configuration when across gNBs in RNA, the last serving gNB will not be aware the UE is gone. It may cause waste of radio resources if no RRC_INACTIVE UE receiving multicast.

Due to the fact that gNB cannot be aware the UE is gone if UE always can obtain available PTM configuration when moving across cells/gNBs, it may cause waste of radio resources.
For this question, maybe gNB need not be aware whether UE is gone to another cell/gNB very clearly. gNB can achieve a balance between congestion control and service delivery by setting the scope of the RNA area, a mechanism already defined for the RRC_INACTVE mobility. Such as, setting the RNA area to be a list of congested cells under a gNB, also setting the RNA area to be a gNB can reduce the granularity of resource waste to the cell level.

No enhancement is needed to enable gNB to be aware of the distribution of UEs receiving the multicast in RRC_INACTIVE.
 Conclusion

Based on the analysis provided above, we have the following proposals:

Working assumption: No indication information (per multicast session level or per UE level) from 5GC is needed. 

For Option 1 (dedicated signaling), if supported, network interfaces need to be enhanced to support cross cell mobility, especially inter-gNB case.

For Option 2 (SIB+MCCH), if supported, UE may continue to receive multicast in RRC_INACTIVE when moving across cells/gNBs without enhancement to network interface.

No enhancement is needed to enable gNB to be aware of the distribution of UEs receiving the multicast in RRC_INACTIVE.
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