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1. Introduction
In RAN2#115e, the work item on NR Multicast and Broadcast Services (MBS) [1] achieved the following agreements for group notifications [1]: 
	· RAN2 waits for RAN1’s final decision on which RNTI/DCI (i.e. Alt1 and/or Alt 2 as identified by RAN1) for MCCH change notification to be adopted.

· Do not specify any mechanism to address the possibility of UE missing an MCCH change notification and it is left to UE implementation.

· Provided RAN3 confirms, paging for multicast activation notification is used in the relevant legacy POs for the UEs with deactivated multicast session(s).
· RAN2 sends an LS to RAN3 and SA2 to indicate its preference for paging for multicast activation notification to be used in the relevant legacy POs for the UEs with non activated multicast session(s). Further, RAN2 requests RAN3 for confirmation and if so, also specifying required network signalling.

· Confirm extending the unicast paging message to include a new paging record list ( pagingGroupList) for group activation notification of multicast sessions.

· NAS is expected to inform UE about multicast session release (e.g. to stop monitoring for multicast session activation). 

· It is up to network implementation (e.g. paging repetitions) for addressing scenario of potential notification loss for UEs.
· RAN2 not to prioritize addressing of PRACH capacity issue due to group notification.

· It is FFS that short message or WUS based indication for multicast activation notification in corresponding paging message can be used.

· It is FFS to introduce MBS specific UAC.

· It is FFS on the establishment cause and resume cause for MBS.

· It is FFS if there is a need to prioritize a frequency with multicast support for idle/inactive UEs that monitor multicast activation notification.


In this contribution, the open issues on multicast activation notification for delivery mode 1 (DM1) and MCCH change notification for delivery mode 2 (DM2) are discussed. 
2. Discussion 
2.1. Open issues for multicast activation notification (DM1)
2.1.1. Short message and Wake-up signal 
RAN2 agreed the following open issue [2]: 

	· It is FFS that short message or WUS based indication for multicast activation notification in corresponding paging message can be used.


These mechanisms are discussed in context of impacts on legacy UEs or UEs not interested in MBS, due to the multicast activation notification [3]. 
Short Message may be transmitted on PDCCH scrambled by P-RNTI, and the bits in DCI notifies the system information modification (Bit 1), the ETWS and CMAS indication (Bit 2), and the stop of paging monitoring (Bit 3, only for NR-U) [4].  The proposals in [5][6] are to use a new bit (e.g., Bit 4) to notify the multicast activation notification, in order to indicate the paging message contains (only) the multicast activation notification. 
The other proposal in [7] is to use the reserved bit field “00” in “Short Message Indicator”, which is defined in Table 7.3.1.2.1-1 of TS38.212 [8] and not same with Short Message above, in order to indicate the paging message contains only the multicast activation notification. 
Regarding Wake-up signal (WUS or PEI) which is also on the table, the proposal in [8] is to use the paging WUS, which is being discussed in the UE Power Saving Enhancements WI in Rel-17 [9], to notify UEs that the paging message only contains the multicast activation notification. 

In general, the legacy UE cannot comprehend any reserved bit in Short Message, even if the bit is defined in Rel-17. The legacy UE cannot monitor Rel-17 WUS as well. So, in our understanding, the legacy UE cannot avoid decoding the paging message, even if the new bit in Short Message or WUS indicates the corresponding paging message only contains the multicast activation notification. 

On the other hand, the proposal using “Short Message Indicator” above [7] may work for the legacy UE to avoid decoding the paging message, as long as the legacy UE’s behaviour was defined when it receives the reserved bit field “00” in DCI, i.e., the legacy UE does not to decode the corresponding paging message in this case. The concerns are whether such a legacy behaviour is already clear, that it consumes the last reserved bit field, and that it’s anyway up to RAN1. 
Observation 1 The legacy UE cannot avoid decoding the paging message, since it cannot comprehend Rel-17 Short Message nor monitor Rel-17 WUS. 
Observation 2 The legacy UE may avoid decoding the paging message, if the legacy UE’s behaviour was clear when it receives the reserved bit field “00” in Short Message Indicator. 
RAN2 agreed that “Provided RAN3 confirms, paging for multicast activation notification is used in the relevant legacy POs for the UEs with deactivated multicast session(s)” [2]. In our understanding, it’s still aligned with the RAN2’s agreement that “Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)” [11] from UE’s perspective, i.e., both the UE interested in MBS and the UE not interested in MBS just wake up in their POs for unicast. 

Observation 3 Rel-17 UE just wakes up in its legacy POs, regardless of whether the UE is only waiting for the legacy unicast paging or the multicast activation notification. 
The unnecessary paging reception happens when the UE not interested in MBS decodes the paging message which only contains the multicast activation notification. However, the same issue happens even in Rel-15, i.e., when a UE decodes the paging message that does not page this UE. That’s why the paging subgrouping and/or WUS [2] is being discussed in the UE Power Saving Enhancements WI in Rel-17 [9]. In our view, these two issues are basically caused by the same root problem and will be solved by a single solution, e.g., the paging subgrouping/WUS. 
In detail, it’s expected that the CN can allocate a subgroup for the UEs interested in MBS, and another subgroup for the UEs not interested in MBS. It may be possible that the CN may allocate separate subgroups for each TMGI, if needed. 
Observation 4 For Rel-17 UEs not interested in MBS, the unnecessary paging reception may be avoided by the paging subgrouping and WUS, which are being discussed in Rel-17 UE Power Saving Enhancements WI, as it is, e.g., if the CN allocates two subgroups for UEs interested in MBS and UEs not interested in MBS respectively.  
On the other hand, the proposal using “Short Message Indicator” above [7] can also work, since the UE not interested in MBS does not decode paging message if it receives the DCI with the bit field “00”. 

Observation 5 For Rel-17 UEs not interested in MBS, the unnecessary paging reception can be avoided when it receives DCI with bit field “00” for Short Message Indicator. 
In light of observations above, any MBS-specific enhancement to Short Message, which is not Short Message Indicator, is not efficient solution. 
The benefit of Short Message Indication enhancement, which is up to RAN1, is that it may work for both legacy UEs and Rel-17 UEs, while the drawbacks are that it’s MBS-specific solution, it may be unclear on legacy UE behaviour and it consumes the last reserved bit field. 
The benefit of paging subgrouping/WUS is that it may be a unified solution for both the unicast paging and the multicast activation notification, while the drawback is that it does not work for legacy UEs.  
In addition, some companies commented in the email discussion [3] that the multicast activation notification does not occur frequently, which may mean the UE power consumption due to the multicast activation notification is not a significant problem at the end. 
Proposal 1 RAN2 should agree that only enhancements to the Short Message Indicator and not the Short Message should be pursued. 
Proposal 2 RAN2 should discuss whether to apply Rel-17 paging subgrouping/WUS as it is (only working for Rel-17 UEs; no optimization for MBS) or to enhance the Short Message Indicator (possibly working also for legacy UEs; up to RAN1). 

2.1.2. Unified access control 
RAN2 agreed the following open issue [2]: 

	· It is FFS to introduce MBS specific UAC.


The UAC procedure is used for the access barring check according to Access Category (AC) and Access Identity (AI) that are provided by upper layer or RRC itself, and it’s performed in the beginning of the RRC connection establishment procedure and the RRC connection resume procedure [4]. If the UE considers the access attempt is barred as result of the UAC procedure, it refrains from sending RRC Setup Request or RRC Resume Request to the gNB; thus, it does not initiate the RACH procedure. UAC is used in case of network congestion, especially PRACH congestion. As the result, UAC can ensure the accessibility for e.g., emergency calls, even under the congestion. 
As for PRACH congestion due to the multicast activation notification, it was agreed “RAN2 not to prioritize addressing of PRACH capacity issue due to group notification” [2]. It could be interpreted that the congestion caused by the multicast activation is not a significant issue in Rel-17 deployments. In this case, the accessibility of high priority access, e.g., emergency calls, is not impacted by MBS services. So, any enhancement in UAC, which was discussed in the email discussion [3], is not needed. 
Observation 6 Network congestion caused by the multicast activation notification is not a significant issue in Rel-17 deployments, according to the RAN2 agreement to deprioritize PRACH capacity issue. 
Observation 7 As the result of Observation 6, the accessibility of high priority services, e.g., emergency calls, are not impacted by the multicast activation notification. 
Proposal 3 RAN2 should agree that enhancements to UAC are not pursued. 
2.1.3. Establishment/resume cause 
RAN2 agreed the following open issue [2]: 

	· It is FFS on the establishment cause and resume cause for MBS.


The establishment cause and the resume cause, according to information from upper layer or by RRC itself, are informed by the UE in RRC Setup Request and RRC Resume Request respectively [4]. The gNB may decide to either accept or reject the request from UEs, e.g., considering the radio resource usage, its hardware loads and/or the backhaul/TNL quality. The gNB may also decide to release other UEs’ RRC connections, due to the access from the UE with high priority services.  The establishment/resume cause may be sometimes seen as similar to UAC, but these are actually different mechanisms for different purposes. 
The possible enhancement for establishment/resume cause was discussed in [3]

 REF _Ref83585862 \w \h 
[12]. On the other hand, it’s also proposed in [3]

 REF _Ref83586187 \w \h 
[13]

 REF _Ref83586189 \w \h 
[14]

 REF _Ref83586190 \w \h 
[15] to reuse the existing mt-Access, since the multicast activation notification is a kind of paging. 
In our understanding, the MBS sessions would consume much less resources than unicast connections, especially in case the MBS session is provided via PTM. So, there is no reason for the gNB to reject the connection request for MBS services, even under network congestion. It’s also pointed out in [3]

 REF _Ref83586189 \w \h 
[14]. 
Observation 8 The MBS services would consume much less resources than the unicast services, especially in case the MBS session is provided via PTM. 
It could be assumed that some gNB implementation may always accept the request with mt-Access, but the other gNB implementation may reject it according to its congestion/overload. In latter case, the issue to reuse the existing mt-Access is that the gNB cannot distinguish the request for MBS reception from one for unicast connection.  So, it’s beneficial to define a new cause value to indicate the connection request is only for MBS reception. 
Observation 9 The existing mt-Access cannot distinguish the connection request for MBS reception from one for unicast communication, which may lead to worse user experience and resource efficiency. 
Proposal 4 RAN2 should agree to introduce a new establishment/resume cause, i.e., “multicast reception only”. 
2.1.4. Cell reselection 
RAN2 agreed the following open issue [2]: 

	· It is FFS if there is a need to prioritize a frequency with multicast support for idle/inactive UEs that monitor multicast activation notification.


It was discussed in [3]

 REF _Ref83505327 \w \h 
[7].  RAN2 already agreed “For non-supporting nodes, using MBS session ID will not work as it would impact non-MBS nodes. Unicast paging would work” [16], so the UE in a cell not supporting MBS can receive the legacy paging upon the multicast session activation, at the end.  However, we see the issue is not whether the UE can be paged upon multicast session activation but related to the paging capacity/efficiency. 
The motivation to introduce the multicast activation notification, i.e., a group paging, is to reduce number of legacy pages, i.e., individual UE pages. So, increasing number of the UEs that cannot receive the multicast session due to cells not supporting MBS directly lead to the increase in the number of legacy pages, which results in negative impacts to legacy UEs and UEs not interested in MBS caused by the paging capacity shortage. 
An AMF implementation for paging strategy could be considered such that the AMF first initiates the multicast activation notification only. If there are UEs that have not responded, i.e., still in IDLE/INACTIVE, the AMF initiates the legacy paging to these UEs individually, in order to minimize the individual paging as much as possible.  
So, it’s important how many UEs are in the cell supporting MBS. So, the UE should prioritize the cell supporting MBS, while waiting for the multicast activation notification. 

Observation 10 Increasing number of UEs missing the multicast activation notification will directly increase number of legacy (individual) pages, which results in negative impact to legacy UEs and UEs not interested in MBS caused by paging capacity shortage. 
In addition, RAN2 agreed for delivery mode 2 that “The UE is allowed to prioritize the MBS frequency of interest when the cell of the MBS frequency provides MBS SIB carrying the MCCH configuration, as LTE SC-PTM”, “The UE is allowed to prioritize the MBS frequency of interest when the UE is only capable of receiving the MBS service by camping on the MBS frequency, as LTE SC-PTM” and “The UE may consider cell reselection candidate frequencies at which it cannot receive the MBS service to be of the lowest priority during the MBS session, as LTE SC-PTM” [2]. So, it can enable the common UE behaviour for both delivery modes 1 and 2. 
Observation 11 The unified IDLE/INACTIVE mode UE behaviour is preferable for both broadcast (delivery mode 2) and multicast (delivery mode 1). 
In light of observations above, the UE in IDLE/INACTIVE should prioritize the frequency with multicast support, in order to maximize the possibility to receive the multicast activation notification. 
Proposal 5 RAN2 should agree that the UE in IDLE/INACTIVE, which monitors the multicast activation notification, prioritizes a frequency with multicast support. 
2.2. MCCH change notification for other information (DM2)
RAN2 agreed to introduce MCCH Change Notification due to session start [17], session modification and stop [11], whereby it’s the current intention that MCCH Change Notification is sent when the configuration related to MTCH reception is changed, e.g., the MBS session information and the MTCH scheduling information. 

RAN2 agreed the following open issue [11]:  

	· Indication of an MCCH change due to modification of an ongoing session’s configuration (including session stop) is provided with an explicit notification from the network  (provided that RAN1 confirms a separate bit for this purpose can be accommodated in the MCCH change notification DCI, in addition to a bit for session start notification). FFS on whether this notification can be reused for modification of other information carried by MCCH, if any.


The possible “other information” could be interpreted as the neighbour cell information, whereby “It is FFS whether the gNB may indicate a list of neighbour cells where ongoing broadcast MBS service provided in the current cells are also provided, as LTE SC-PTM” [2].  If the UE misses the neighbour cell/frequency information, it’s not a critical problem when the UE is staying in the serving cell. However, the up-to-date neighbour cell information is an important information in case of inter-cell mobility for UEs in IDLE/INACTIVE. In this sense, for more reliable service continuity, MCCH change notification should be sent also when the other information is changed, if RAN2 agreed the neighbour cell/frequency information is provided by MCCH. 

Proposal 6 RAN2 should agree that MCCH change notification is sent when any of MCCH contents are changed, i.e., it’s also applicable to the “other information” which is at least the neighbour cell information (if agreed to be provided by MCCH), in addition to MBS session information and MTCH scheduling information. 
3. Conclusion 
In this contribution, the open issues of group notifications are discussed, and the possible solutions are suggested.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
The legacy UE cannot avoid decoding the paging message, since it cannot comprehend Rel-17 Short Message nor monitor Rel-17 WUS.
Observation 2
The legacy UE may avoid decoding the paging message, if the legacy UE’s behaviour was clear when it receives the reserved bit field “00” in Short Message Indicator.
Observation 3
Rel-17 UE just wakes up in its legacy POs, regardless of whether the UE is only waiting for the legacy unicast paging or the multicast activation notification.
Observation 4
For Rel-17 UEs not interested in MBS, the unnecessary paging reception may be avoided by the paging subgrouping and WUS, which are being discussed in Rel-17 UE Power Saving Enhancements WI, as it is, e.g., if the CN allocates two subgroups for UEs interested in MBS and UEs not interested in MBS respectively.
Observation 5
For Rel-17 UEs not interested in MBS, the unnecessary paging reception can be avoided when it receives DCI with bit field “00” for Short Message Indicator.
Proposal 1
RAN2 should agree that only enhancements to the Short Message Indicator and not the Short Message should be pursued.
Proposal 2
RAN2 should discuss whether to apply Rel-17 paging subgrouping/WUS as it is (only working for Rel-17 UEs; no optimization for MBS) or to enhance the Short Message Indicator (possibly working also for legacy UEs; up to RAN1).
Observation 6
Network congestion caused by the multicast activation notification is not a significant issue in Rel-17 deployments, according to the RAN2 agreement to deprioritize PRACH capacity issue.
Observation 7
As the result of Observation 6, the accessibility of high priority services, e.g., emergency calls, are not impacted by the multicast activation notification.
Proposal 3
RAN2 should agree that enhancements to UAC are not pursued.
Observation 8
The MBS services would consume much less resources than the unicast services, especially in case the MBS session is provided via PTM.
Observation 9
The existing mt-Access cannot distinguish the connection request for MBS reception from one for unicast communication, which may lead to worse user experience and resource efficiency.
Proposal 4
RAN2 should agree to introduce a new establishment/resume cause, i.e., “multicast reception only”.
Observation 10
Increasing number of UEs missing the multicast activation notification will directly increase number of legacy (individual) pages, which results in negative impact to legacy UEs and UEs not interested in MBS caused by paging capacity shortage.
Observation 11
The unified IDLE/INACTIVE mode UE behaviour is preferable for both broadcast (delivery mode 2) and multicast (delivery mode 1).
Proposal 5
RAN2 should agree that the UE in IDLE/INACTIVE, which monitors the multicast activation notification, prioritizes a frequency with multicast support.
Proposal 6
RAN2 should agree that MCCH change notification is sent when any of MCCH contents are changed, i.e., it’s also applicable to the “other information” which is at least the neighbour cell information (if agreed to be provided by MCCH), in addition to MBS session information and MTCH scheduling information.
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