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1. Introduction
In RAN2#115-e meeting, the following agreements were made based on the discussion on notifications: 
· 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 paper, we will further discuss notifications for multicast.
2. Discussion
2.1. Impacts of group notification
In the last RAN2 meeting, some options to address impacts of group notification on legacy UE or UE without MBS configuration were discussed. Considering WUS feature which is being specified as part of Rel-17 work on UE power saving enhancements, the impact of group notification should be considered separately for WUS-enabled and non-WUS enabled UEs.
Impact to WUS-enabled UEs
WUS is a pre-indication before a PO to indicate which subgroup is paged in the following PO so that UE can decide whether to monitor PO based on UE grouping information. In RAN#93-e plenary, it was agreed to support PDCCH based PEI as the only option for WUS.PEI
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There were several agreements made in the previous RAN2 meetings for UE grouping for WUS: 
· Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving
· CN is responsible for allocating UEs to UE paging subgroups based on UE characteristics
· When AMF has assigned a UE with a Paging subgroup, some signaling should be supported between AMF and gNB(s) to inform gNB(s) about the related subgroup information for paging a UE in RRC_IDLE/RRC_INACTIVE. 
Based on the above, the UEs may be grouped into various subgroups by CN. If we assume MBS group paging is not considered in PEI, for a paging message containing MBS group paging, the CN would have to determine all subgroups that contain at least a single UE subscribed to an MBS service. Based on this, bits in PEI could be set properly. Such approach would not only require CN to perform a rather complicated process to identify the sub-groups based on IDs of all UEs subscribed to MBS services, but would also cause other UEs in the PEI subgroups, which did not join any MBS service, to be invoked unnecessarily. If we had a subgroup specific for MBS group paging, then we could only set the MBS subgroup bit to true in PEI and if no other PEI bit would be enabled, all UEs not subscribed to an MBS service (and hence, not in MBS subgroup) would not be invoked to monitor PO. Thus, “false alarm” for paging reading can be avoided. The CN would also not be required to indicate the subgroup info to the gNB as the gNB can set the MBS specific subgroup bit in PEI based on group paging notification. 
Proposal 1: Allocate one bit for MBS group paging in PEI to prevent WUS enabled UEs not interested in MBS from reading MBS group paging.
Impact to pre-Rel-17 and non-WUS enabled UEs
Another issue that was raised previously was an impact on legacy UEs, but the same issue will actually apply to non-WUS enabled Rel-17 UEs. One of the potential approaches that was proposed was to use the reserved state ‘00’ in the short message indicator to indicate whether scheduling information for group paging is contained in the DCI. Currently, short message indicator is defined in TS 38.212 as follows:
Table 7.3.1.2.1-1: Short Message indicator
	Bit field
	Short Message indicator

	00
	Reserved

	01
	Only scheduling information for Paging is present in the DCI

	10
	Only short message is present in the DCI

	11
	Both scheduling information for Paging and short message are present in the DCI



If we use the reserved state ‘00’ to indicate that a Paging message carries group Paging only, the behaviours of legacy UEs are not defined and they may ignore such DCI by implementation. Rel-17 UEs not interested in MBS would understand the value, but would not read Paging message as well. Hence, such UEs would be able to save some power by not reading paging unnecessarily. However, it should be noted that there is only a single reserved value in short message indicator at the moment and it is more beneficial to keep it for future use as the issue that is addressed is not critical enough to justify using the only reserved value. 
Another approach that was proposed was to use short message to inform the UE that Paging contains only multicast activation notification. Short message is defined in TS 38.331 in the following way currently:
Table 6.5-1: Short Messages
	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
This bit can be used for only operation with shared spectrum channel access and if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
If set to 1: indication that the UE may stop monitoring PDCCH occasion(s) for paging in this Paging Occasion as specified in TS 38.304 [20], clause 7.1.

	4 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.



There are four spare bits in Short Message, so using one bit in SM is more acceptable than in SMI. This bit in the short message would be used to indicate whether the following Paging message contains group-only paging, i.e. paging for only MBS and not for unicast. The Rel-17 can decide whether to read the paging message or not, based on the new bit. 
However, the legacy pre-Rel-17 UEs will not be able to interpret this new bit, so in order to avoid impact on such UEs, additional way to avoid reading the group paging message is required. A simple way would be to set SMI to “10” in this case and redefine the meaning of “10” as “Only short message is present in the DCI or short message is present together with scheduling information for group-only Paging optionally present in the DCI” as shown in the table below. In this case: 
· The legacy UEs will interpret “10” as “Only short message is present in the DCI” and would skip reading the Paging message which carries group paging only. 
· Rel-17/Rel-17+ UEs will interpret “10” as “short message is present with scheduling information for group-only Paging optionally present in the DCI”. The UEs interested in MBS service will further check whether scheduling information for group-only Paging is present in the DCI by reading the new bit in the short message. 

	Bit field
	Short Message indicator

	00
	Reserved

	01
	Only scheduling information for Paging is present in the DCI

	10
	Only short message is present in the DCI or short message is present with scheduling information for group-only Paging optionally present in the DCI

	11
	Both scheduling information for Paging and short message are present in the DCI



Proposal 2: In order to avoid group paging impact on the power consumption of legacy UEs and non-WUS enabled UEs, request RAN1 to redefine the state ‘10’ of short message indicator to also cover the case where both short message and group paging information is carried by a DCI. Use a new bit in Short Message to indicate ‘group-only Paging is included’.
2.2. Frequency prioritization for multicast
Considering the signalling efficiency advantage, it is beneficial to use group paging rather than unicast paging for multicast session activation. In order to decrease an overhead related to Paging, frequency layer prioritization can be used to gather multicast UEs to a specific frequency. Subsequently, the network could limit group Paging for a certain MBS service to this frequency only. The mechanism to achieve this could be similar as the one used for broadcast, i.e. a UE that has joined a certain multicast MBS service(s) should prioritize a certain frequency e.g. based on the information provided via the new SIBx1 or knowledge of the MBS frequency via other means, i.e. user service description (USD). Another method to achieve the same goal would be to use dedicated frequency priority. With the redirectedCarrierInfo in the RRCRelease message, the multicast UE is released to camp on the targeted frequency. Combined with the cellReselectionPriorities included in the RRCRelease message, the targeted frequency is prioritized and UE would not reselect to other frequency. Since dedicated priority can be achieved without additional specification efforts, we would suggest not to introduce SIB based prioritization for multicast. 
Proposal 3: Frequency prioritization for multicast can be achieved by using existing dedicated frequency priority signalling and no extra specification work is needed.
2.3. UAC and establishment casue for group paging
Another aspect discussed recently was whether to support MBS specific UAC and establishment cause. It was indicated that in case of group paging, there are numerous multicast UEs evoked simultaneously which can lead to an overload and that with MBS specific UAC and establishment cause, a more flexible control on MBS related access attempts during congestion is anticipated. However, RAN2 has already agreed not to address RACH congestion issue due to group paging, mainly because it was seen feasible for the network to handle this by implementation (e.g. by keeping the UEs in RRC Connected, distributing Paging in different POs in time etc.). Hence, this is not a good rationale for introduction of MBS specific UAC. Even if the congestion issue existed and was to be addressed with MBS specific UAC, there would be additional issues to solve, e.g. how to avoid data loss for multicast UEs with a longer T390 timer or how can the network decide about UAC settings without knowing the number of the UEs under the coverage of a specific cell. Thus, we believe there is no need to introduce MBS specific UAC and the same behaviour as for unicast paging can be reused, i.e., UE skips UAC. As for the MBS specific establishment cause (EC), we understand introducing MBS specific EC is based on the assumption that the network would always page all UEs as requested by CN and then filter out the UEs based on whether the UEs request unicast service (via mt-Access EC) or MBS access (with a new MBS EC). Supposing MBS specific establishment cause is specified, it could be used to enable gNB to prioritize connection set up of multicast UEs over those for unicast UEs. This is based on the assumption that the common radio resources of ongoing MBS PTM would be reused by the connecting UE and no additional radio resource consumption would be introduced by such multicast UEs. However, this assumption is only true in case the UE is interested in the MBS service that is already provided in the cell. However, it may happen that the required service is not currently delivered in the cell and, if congested, the network will not be able to provide it after all. The new MBS specific establishment cause will not be helpful in such situation. Therefore, we do not see a good rationale for introducing a new EC for MBS and the UE may utilize mt-Access, when replying to both unicast and group paging. 
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3. Conclusion
Based on the above discussion, we have the following proposals: 
Proposal 1: Allocate one bit for MBS group paging in PEI to prevent WUS enabled UEs not interested in MBS from reading MBS group paging.
Proposal 2: In order to avoid group paging impact on the power consumption of legacy UEs and non-WUS enabled UEs, request RAN1 to redefine the state ‘10’ of short message indicator to also cover the case where both short message and group paging information is carried by a DCI. Use a new bit in Short Message to indicate ‘group-only Paging is included’.
Proposal 3: Frequency prioritization for multicast can be achieved by using existing dedicated frequency priority signalling and no extra specification work is needed.
Proposal 4: There is no need to apply MBS specific UAC scheme or establishment/resume cause.
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