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1. Introduction
[bookmark: OLE_LINK1]After RAN2 121 meeting, the post email discussion [1] related to CP issues for inactive multicast reception was used to handle the previous companies’ contribution. In this paper, we further discuss some remaining issues on the PTM configuration and mobility that are not covered by the email discussion. Section 2 gives the detail issues of this paper, and followed by Section 3 that summarizes this paper.
2. Discussions
2.1 PTM Configuration
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]The general design of multicast MCCH
[bookmark: OLE_LINK5][bookmark: OLE_LINK9]The baseline for MCCH design
Last meeting we had agreed that a new MCCH is introduced to provide the PTM configuration for inactive multicast reception,
	We introduce a new MCCH logical channel for multicast in INACTIVE (different from broadcast MCCH)


Then detailed design of the multicast MCCH should be further discussed.
In Rel-17, the broadcast MCCH is transmitted periodically using a configurable repetition period and within a configured transmission window. Change of MCCH information only occurs at specific radio frames, i.e. the boundary of a modification period. Within a modification period, the same MCCH information may be transmitted a number of times, as defined by the repetition period.


Figure 1: the structure of broadcast MCCH
On the design of multicast MCCH, the PTM configuration for inactive multicast reception should be periodically transmitted so that the inactive UE that moves to a new cell can read the multicast MCCH to acquire the desired configuration. For the modification of multicast MCCH, using the concept of modification period allows UE to not always monitor the change notification at each boundary of the repetition period, which helps to power savings.
Taking above consideration into account it is suggested to reuse the framework of broadcast MCCH configuration, 
Proposal 1: The multicast MCCH configuration takes the framework of the broadcast MCCH configuration as baseline, i.e. reuse the concept of repetition period and modification period.
The change notification of multicast MCCH
In Rel-17, the indication in DCI (i.e., format 4-0) which schedules the MCCH is used for the change notification of broadcast MCCH. When considering multicast MCCH, there are two candidate solutions for the change notification. One straightforward way is that the inactive multicast reuses the DCI based indication as that used for Rel-17 broadcast for the MCCH change notification. Others may argue that since group paging shall be enhanced for the notification of session activation (some other indications by group paging such as session deactivation/temporary no data are still under discussion), we can reuse group paging for the change notification of multicast MCCH on the granularity of per-TMGI, but there may be issues caused by POs of different UEs. 
As shown in Figure 2, the POs of different UEs that need to be paged may spread over multiple modification periods, then how the NW guarantees that all UEs can be notified within the current modification period so that NW shall update the configuration at the beginning of next modification period. For example, if NW updates the configuration at Time 1, then the UEs that has not received the change notification (red part) is not going to receive the updated configuration, which prevents these UEs from continuing receiving the multicast service; if NW updates the configuration at a certain time after Time 1, then at which boundary of modification period the configuration shall be updated should be further specified. In summary, group paging based indication needs more RAN2 discussion and is expected to cause more spec impact than DCI based indication.


Figure 2: group paging based change notification
Therefore, we propose,
Proposal 2: The DCI which schedules MCCH is used to notify UE for the change of multicast MCCH.
In Rel-17 broadcast, a 2-bit bitmap is introduced in DCI format 4-0 to indicate the change of broadcast MCCH, where the MSB indicates the start of MBS session, and the LSB indicates modification of broadcast MCCH other than the change caused by start of new MBS service(s), e.g. modification of a configuration of an on-going MBS session(s), MBS session(s) stop or neighbor cell information modification.
Previously for session activation we have agreed that,
	As a baseline, group paging can be used to inform Rel-18 UE(s) about the session activation (Details FFS, e.g., UE behavior when receiving such group notification).


So UE is already has a way to aware of the session activation/start, there is no need to additionally notify the MCCH change via the DCI which schedules the multicast MCCH, i.e., only 1 bit in DCI is used to notify the other MCCH change cases (e.g., PTM configuration modification of an ongoing session, and session stop).
Proposal 3: One bit in the DCI which schedules the multicast MCCH is used to notify the change of PTM configuration for the sessions that allows inactive reception.
The signaling structure of PTM configuration in MCCH
In Rel-17, the multicast configuration in the RRCReconfiguration message has different signaling structure than the broadcast configuration in broadcast MCCH. So when it comes to the signaling design for PTM configuration in multicast MCCH, the first key issue to discuss is which structure should be taken as baseline, i.e., Rel-17 multicast configuration or Rel-17 broadcast configuration.
In table below, we provide a comparison between Rel-17 multicast configuration and Rel-17 broadcast configuration on whether it can meet the Requirements to the PTM configuration on multicast MCCH.
Table 1: Requirements to the PTM configuration on multicast MCCH
	Requirements to the PTM configuration on multicast MCCH
	Rel-17 multicast configuration
	Rel-17 broadcast configuration

	UE should know which RNTI is associated to which TMGI so that it can start/stop to monitor a certain RNTI based on the change notification of multicast MCCH
	UE monitors the g-RNTI(s)/g-CS-RNTI(s) configured by RRCReconfiguration and does not know the mapping between g-RNTI/g-CS-RNTI and TMGI
	UE monitors the interested g-RNTI(s) in broadcast MCCH and knows the association between the g-RNTI and TMGI

	RRC_INACTIVE UE may move between different cells so multicast MCCH should provide all the MRB configuration for a certain multicast session, instead of the delta configuration by the structure of ToAddModList
	The NW configures the MRB(s) which the UE needs to add/modify/release by MRB-ToAddModList-r17/ MRB-ToReleaseList-r17
	The MCCH includes the MRB(s) which the UE needs to add/modify/release by mrb-ListBroadcast-r17


As listed in the table above, Rel-17 multicast configuration cannot meet the basic requirement to the PTM configuration on multicast MCCH. Besides, in Rel-17 multicast configuration, ,one MRB existing on the source cell can be configured with a new MRB ID in the target cell in the handover command, thus the association between the mrb-Identity and mrb-IdentityNew is provided to UE for a known target cell. This is not suitable for common channel (e.g., multicast MCCH) as the current cell does not know the target cell that a UE may move into.
Observation 1: The signaling structure of Rel-17 multicast configuration is designed from the connected UE perspective, which is not applicable if included in MCCH,
· No mapping between G-RNTI/G-CS-RNTI and TMGI
· MRB configuration by “AddModList” style can only be used for a specific UE
· The mapping between mrb-Identity and mrb-IdentityNew is for a known target cell
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]As above, it can be seen the signaling structure of Rel-17 multicast configuration cannot be used as the baseline to the PTM configuration on multicast MCCH, but Rel-17 broadcast configuration does.
Therefore we propose to take the signaling structure of Rel-17 broadcast configuration as baseline.
Proposal 4: For PTM configuration on multicast MCCH, take the signaling structure of Rel-17 broadcast configuration as baseline.

2.2 Mobility
On handling of on-going to on-going mobility
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Whether to support PTM configuration for intra-gNB cells
Previously it has been discussed on whether to provide PTM configuration for neighbor cells to enhance the service continuality for inactive multicast reception. Now on this issue we have excluded the case in which the PTM configuration for inter-gNB cells is configured to UE, because it may require complex design on the network interface from RAN3 perspective. Regarding the case for intra-gNB cells, it is still FFS whether the network can provide PTM configuration for cells other than serving cell.
	FFS whether the network can provide PTM configuration for intra-gNB cells. 


[bookmark: OLE_LINK17][bookmark: OLE_LINK18]In our view, there is no clear motivation to support this as anyway UE can read multicast MCCH on the target cell to get the PTM configuration. One may argue that it can reduce the latency or data loss during mobility, but seamless/lossless mobility is not required according to the WID,
	Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]


Furthermore, the inactive multicast reception has more or less same requirements as Rel-17 broadcast. Since Rel-17 broadcast has no such enhancement, we have no strong motivation to do this for inactive multicast. Therefore, it is proposed,
Proposal 5: The PTM configuration of intra-gNB cells for inactive multicast reception is not supported.
Cell reselection during session deactivation
In post email [1], frequency prioritization for inactive multicast is discussed, but typical it is for active multicast session which UE is receiving. For session that is deactivated, it may also need a discussion.  
In Rel-17, NW can release UE to RRC_INACTIVE due to session deactivation/temporary no data transmission for a certain multicast session. Then later when the multicast session is activated or data transmission is started again, group paging is used to notify UE to reconnect to the NW. For group paging monitoring, we have the following Rel-17 agreement,
	RAN2 will not specify a mechanism for the UE in RRC IDLE/INACTIVE which joined a multicast session to prioritize a certain frequency for group paging monitoring.


That means in R17 MBS, frequency prioritization is not supported when a multicast session is deactivated.
However, the issue may need reconsideration as in Rel-18 UE may start to receive multicast in RRC_INACTIVE without state transition upon session activation. It enables UE to receive multicast in RRC_INACTIVE state without state transition upon session activation if multicast frequency prioritization is supported even when the multicast session is deactivated. Otherwise, UE may reselect to a frequency that does not support inactive multicast reception. Then there shall be the unexpected case where the NW wants UE to start receiving the multicast service in RRC_INACTIVE but UE cannot receive this multicast service in the cell of the reselected frequency. To avoid this issue, it is suggested that,
Proposal 6: During cell reselection, UE can prioritize a frequency on which the inactive multicast reception is provided for a certain multicast session that is deactivated.
On handling of on-going to non-going mobility
How to resume the RRC connection on a cell not providing on-going inactive multicast service
Another possibility is that RRC_INACTIVE UE moves from an inactive multicast on-going cell to a new cell that is not on-going for the same service.
Previously we have agreed that,
	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. 


Thus UE needs to know whether the reselected cell is an on-going cell in order to, if needed, resume the RRC connection.
In the post email discussion [1], the related question on whether we need neighbor cell list for inactive multicast had been raised. In Rel-17 broadcast, this feature is optional for the NW, i.e., when the field mbs-NeighbourCellList is absent or when a neighbor cell that is not included in a non-empty mbs-NeighbourCellList, UE cannot determine the presence or absence of a broadcast service for this neighbor cell. Otherwise, UE can further determine whether a broadcast session is on-going or not in the target cell by mtch-neighbourCell on the per-session level. When considering inactive multicast, we think this mechanism can also be optionally supported by the NW so that UE can perform state transition based on this early indication.
In addition to the optional feature by neighbor cell list, we have agreed to introduce multicast MCCH to provide PTM configuration for inactive multicast reception, thus it is straightforward that UE resumes RRC connection if PTM configuration for inactive multicast reception is not provided in multicast MCCH of the target cell.
Proposal 7: During cell reselection, UE resumes the RRC connection if it determines the multicast cannot be received in RRC_INACTIVE on the target cell, according to,
· The neighbour cell list in the multicast MCCH of the source cell, or;
· The multicast MCCH of the target cell.
How to set the cause when UE resumes the RRC connection
There may be three scenarios when UE moves to a cell on which the inactive multicast reception is not ongoing:
· Scenario 1: UE moves out of the service area for a multicast service, i.e., the target cell does not support this multicast session;
· Scenario 2: UE does not move out of the service area for a multicast service, but the target cell does not have the capability to provide the function of inactive multicast reception;
· Scenario 3: UE does not move out of the service area for this multicast service, and the target cell has the capability to provide the function of inactive multicast reception, but the target cell does not open this function.
For above three scenarios, the UE behavior is to trigger RRC resume procedure due to no available PTM configuration. From the UE side it cannot differentiate these scenarios. But at least for scenario 3, UE needs to let gNB know the resume procedure is triggered due to multicast reception, thus gNB can switch on the inactive multicast reception and further release UE to RRC_INACTIVE for multicast reception.
Currently there are following cause values that have been introduced:
[bookmark: OLE_LINK8][bookmark: OLE_LINK12]ResumeCause ::=             ENUMERATED {emergency, highPriorityAccess, mt-Access, mo-Signalling, mo-Data, mo-VoiceCall, mo-VideoCall, mo-SMS, rna-Update, mps-PriorityAccess, mcs-PriorityAccess, spare1, spare2, spare3, spare4, spare5 }
Besides the cause value of rna-Update, other causes are mainly used to indicate the NW of unicast data access or signaling transmission for different use cases, and the NW prefers to change UE to RRC_CONNECTED based on the load condition. For example, the NW shall handle the RRC connection resume with the causes set by emergency (due to emergency service), mps-PriorityAccess (due to multimedia priority service) and mcs-PriorityAccess (due to mission critical service) with a high priority, and unless extreme load condition, the NW shall accept the access attempt to change UE to RRC_CONNECTED. If the resume procedure triggered by inactive multicast reception reuses any of above cause values, it will confuse the gNB whether UE has requirement of unicast data access or signaling transmission, and thus gNB cannot decide to keep UE in RRC_INACTIVE or change UE to RRC_CONNECTED.
Then others may think that the current cause value of rna-Update can be reused, but it is not reliable. When UE triggers the resume procedure (e.g., due to Periodic RNA update) in the RNA, then according to the current 38.300 (Figure 9.2.2.5-2: Periodic RNA update procedure without UE context relocation), the anchor gNB may reject the request of UE context from the current gNB, thus gNB cannot switch on the inactive multicast reception without knowing the UE multicast context.
Observation 2: The legacy cause values are not suitable to indicate the multicast reception purpose to NW when triggering RRC resume procedure.
Based on Observation 2, for UE resuming RRC connection due to multicast reception, a new cause value is needed. When UE moves within RNA, UE uses this new cause value to indicate multicast reception in the RRCResumeRequest message.
When UE reselects to a cell that is out of the RNA, it is possible that this cell is also not an on-going cell for a certain inactive multicast session. In this situation how UE set the cause value in the RRCResumeRequest message needs further consideration. In our view, the legacy cause value for RNA update can be reused to handle this scenario. When the gNB receives the cause value for RNA update, it retrieves the UE context from the anchor gNB. The anchor gNB further checks that the resumption cell is not in the previously configured RNA, and then provides the UE context to the current gNB. By this way, the current gNB knows which multicast session the UE is receiving and can further let UE continue receiving the multicast session in RRC_CONNECTED or RRC_INACTIVE based on the gNB capability.
Proposal 8: When resuming the RRC connection for multicast reception, the cause value is set as following,
· When UE moves to a cell in the RNA, the new cause value is used;
· When UE moves to a cell not in the RNA, UE sets the cause value to rna-Update.
3. Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the discussions in section 2, the observations and proposals for open issues on PTM configuration and mobility for inactive multicast reception are summarized as following,
Observation 1: The signaling structure of Rel-17 multicast configuration is designed from the connected UE perspective, which is not applicable if included in MCCH,
· No mapping between G-RNTI/G-CS-RNTI and TMGI
· MRB configuration by “AddModList” style can only be used for a specific UE
· The mapping between mrb-Identity and mrb-IdentityNew is for a known target cell
Observation 2: The legacy cause values are not suitable to indicate the multicast reception purpose to NW when triggering RRC resume procedure.

The general design of multicast MCCH
The baseline for MCCH design
Proposal 1: The multicast MCCH configuration takes the framework of the broadcast MCCH configuration as baseline, i.e. reuse the concept of repetition period and modification period.
The change notification of multicast MCCH
Proposal 2: The DCI which schedules MCCH is used to notify UE for the change of multicast MCCH.
Proposal 3: One bit in the DCI which schedules the multicast MCCH is used to notify the change of PTM configuration for the sessions that allows inactive reception.
The signaling structure of PTM configuration in MCCH
Proposal 4: For PTM configuration on multicast MCCH, take the signaling structure of Rel-17 broadcast configuration as baseline.
On handling of on-going to on-going mobility
Whether to support PTM configuration for intra-gNB cells
Proposal 5: The PTM configuration of intra-gNB cells for inactive multicast reception is not supported.
Cell reselection during session deactivation
Proposal 6: During cell reselection, UE can prioritize a frequency on which the inactive multicast reception is provided for a certain multicast session that is deactivated.
On handling of on-going to non-going mobility
How to resume the RRC connection on a cell not providing on-going inactive multicast service
Proposal 7: During cell reselection, UE resumes the RRC connection if it determines the multicast cannot be received in RRC_INACTIVE on the target cell, according to,
· The neighbour cell list in the multicast MCCH of the source cell, or;
· The multicast MCCH of the target cell.
How to set the cause when UE resumes the RRC connection
Proposal 8: When resuming the RRC connection for multicast reception, the cause value is set as following,
· When UE moves to a cell in the RNA, the new cause value is used;
· When UE moves to a cell not in the RNA, UE sets the cause value to rna-Update.
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