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1. Introduction
The revised work item on NR Multicast and Broadcast Services (MBS) was approved in RAN#88 [1]. The group notification was discussed in RAN2#113bis-e [2] and the following agreements were achieved [3]: 
	· Support group notification for multicast for MBS supporting nodes
· For delivery mode 1 UE is not expected to monitor Group notification channel in RRC_CONNECTED 

· It is FFS whether RAN2 needs to handle PRACH capacity issues due to group notifications 
· Use same group notification identity for both RRC_IDLE and RRC_INACTIVE states
For the reply LS

· For non-supporting nodes, using MBS session ID will not work as it would impact non-MBS nodes. Unicast paging would work.

· For supporting nodes, using MBS session ID is feasible. 

· Short Post email discussion for LS reply. 


In the following meeting, RAN2#114-e decided to use the paging message for the group notification [4]: 

	· Use PCCH for Multicast activation notification (also for MBS supporting nodes). 
· Confirm that we convey the MBS session ID in the notification. 
· Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)


In this contribution, the details of group notification and the PRACH capacity issue are discussed. 
2. Discussion 
2.1.1. Group notification for Delivery mode 1 
2.1.1.1. Confirmation of baseline assumption 
RAN2 agreed that “Use PCCH for Multicast activation notification (also for MBS supporting nodes)” and “Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)” [4]. These could be interpreted that the legacy paging should be extended for the group notification, whereby the extension is intended to be similar with the concept of ETWS/CMAS notifications in LTE [5]. These agreements are beneficial for power consumption from UE point of view and have negligible impact to the paging resource load from NW point of view [6]. 
Observation 1 The baseline assumption RAN2 made is beneficial for UE power consumption and has negligible impact to the paging resource load. 
In RAN2#114-e, some companies, who are proponents of a separate P-RNTI, a separate PO and/or a separate paging message, raised their concerns, especially a possible impact to increase UE power consumption of legacy UEs [4]. In our view, the impact to legacy UE due to RAN2’s baseline, i.e., Observation 1, should be analysed by comparison with MBS services that are provided by unicast, i.e., PDU session, since it’s only the way until Rel-16. With unicast, all UEs that are interested in the MBS service need to be paged by legacy mechanism, i.e., one-by-one paging. These unicast paging messages are received by legacy UEs, which consume additional power in proportion as number of unicast paging transmissions for UEs interested in the MBS service. So, even if the group notification is sent over all legacy POs in one paging DRX cycle with legacy P-RNTI, the impact to legacy UEs is comparably similar, or rather the group notification is expected beneficial for saving power in case of larger number of UEs interested in the MBS service.  
Observation 2 The power consumption of legacy UEs is not an issue in the group notification. 
Another argument pointed out that the group notification should be sent only in POs that are for the UEs interested in the MBS service [4]. While it’s deemed beneficial to reduce the signalling overhead unless any UEs miss the group notification, we assume such an optimization could be handled by NW implementation. 
Observation 3 The optimization of legacy PO usage can be up to NW implementation. 
Therefore, RAN2 should confirm to reuse legacy P-RNTI and legacy PO, and to extend legacy paging message for group notification, at least from the UE point of view. It also means the UEs only needs to monitor the paging within their POs, i.e., it’s same with legacy paging. 
Proposal 1 RAN2 should confirm the group notification uses the legacy paging message which is sent in all legacy POs with legacy P-RNTI, at least from UE’s perspective. 
2.1.1.2. Extension of existing paging message 
If Proposal 1 is agreeable, it should be discussed how to integrate the group notification within the existing paging message. The current paging message contains PagingRecordList, which is the list of UE-IDs, i.e., 5G-S-TMSI or I-RNTI, to be paged [7].  The following two options would be considered for the paging-based group notification: 
· Option A: MBS session ID is listed in the existing PagingRecordList (below is just example);  

	Paging ::=                          
SEQUENCE {

    pagingRecordList                   
PagingRecordList                           
OPTIONAL, -- Need N

    lateNonCriticalExtension         
OCTET STRING                                
OPTIONAL,

    nonCriticalExtension              
SEQUENCE{}                                  
OPTIONAL
}
PagingRecordList ::=             
SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord

PagingRecord ::=                  
SEQUENCE {

    ue-Identity                         
PagingUE-Identity,

    accessType                          
ENUMERATED {non3GPP}    




OPTIONAL,   -- Need N

    ...

MBS-group-notification


MBS-session-ID
}


· Option B: MBS session ID is listed in a new list (below is just an example).  
	Paging ::=                          
SEQUENCE {

    pagingRecordList                   
PagingRecordList                         
OPTIONAL, -- Need N

    lateNonCriticalExtension         
OCTET STRING                                
OPTIONAL,

    nonCriticalExtension              
Paging-v17-IEs                              
OPTIONAL
}
Paging-v17-IEs ::=                 SEQUENCE {

    mbsGroupRecordList                
MBS-Group-Notification-RecordList

OPTIONAL, -- Need N
    nonCriticalExtension              
SEQUENCE{}                                  
OPTIONAL
}

MBS-Group-Notification-RecordList ::=  SEQUENCE (SIZE(1..maxNrofGroRec)) OF GroupRecord
GroupRecord ::=                    
SEQUENCE {

    MBS-session-ID                      MBS-session-ID,
    ...

}


Option A might be technically feasible as shown in above example, but it would require the UE-ID for unicast and the MBS session ID to coexist on the same record since the ue-Identity cannot be removed form PagingRecord unless non-backward compactivity can be ignored.  As another sub-option, we could consider adding MBS session ID within PagingUE-Identity, but it’s a bit strange since MBS session ID is not a UE-ID, i.e., MBS session ID is different concept from 5G-S-TMSI or I-RNTI  
Option B is feasible and simple as shown in above example. It does not have any conflict with concepts of existing IEs. Also, it’s reusing the concept of extension for the ETWS/CMAS notifications in LTE [5], so it does not have any possible impact to the legacy UEs. 
Therefore, RAN2 should agree to define a new list within the paging message, i.e., Option B. 
Proposal 2 RAN2 should agree to define a new list for the group notification within the existing paging message. 

2.1.2. PRACH capacity issue 
2.1.2.1. Problem definition 
The PRACH capacity issue is pointed out in [8] and it’s still FFS whether to be handled [3]. Due to the group notification, many UEs are paged at the same time, which causes a lot of PRACH collisions. In addition, the four Rel-17 WIs, i.e., RedCap [9], SDT [10], Coverage Enhancements [11] and RAN Slicing [12], currently intend to use the PRACH partitioning for their own Msg1 indications [13]

 REF _Ref73027587 \w \h 
[14], which would affect to overall PRACH capacity.  Thus, it’s likely the access latency may be delayed in Rel-17 network due to increasing PRACH cotillions, regardless of whether multicast services or unicast services. 
In general, the PRACH capacity is handled by proper NW implementations, e.g., the gNB may prepare more resources in advance of multicast session start. However, it may not be the case in Rel-17 according to some observations in [8]

 REF _Ref73028539 \w \h 
[15], in addition to the nature of group notification and many Msg1 indications mentioned above.  On the other hand, it’s also pointed out in [15] that a NW implementation may keep the UEs in RRC Connected until the multicast session is started/activated or during it’s deactivated, in order to avoid possible PRACH collisions. Needless to say, it’s not a preferable from both perspectives of UE power consumption and NW resource efficiency, since the UE in RRC Connected has much more signalling than the UEs in IDLE/INACTIVE. So, it’s a quite costly option just for avoiding PRACH collision. 
Observation 4 A NW implementation option to keep UEs in RRC Connected just for avoiding PRACH transmissions from these UEs is not preferable from both perspectives of UE power consumption and spectral efficiency. 
In our view, the PRACH capacity is certainly an issue on the group notification for Delivery mode 1. So, RAN2 should discuss how to solve the issue. 
Proposal 3 RAN2 should discuss how to solve the PRACH capacity issue due to the group notification, i.e., by either NW implementation or a standard mechanism to spread out PRACH transmissions. 
2.1.2.2. Possible solution approaches 
If Proposal 3 comes up with introducing a standard mechanism for spreading out PRACH transmissions from multiple UEs, the two approaches would be considered as follows: 
· Approach A: Frequency-domain spreading 
· This approach aims to distribute PRACH transmissions among multiple frequencies. The similar problem was actually discussed in Rel-13 LTE, i.e., Multicarrier Load Distribution (MCLD) [17]

 REF _Ref73032304 \w \h 
[18], which enabled to re-distribute the UEs in IDLE among multiple frequencies [5]

 REF _Ref73034963 \w \h 
[19]. So, it’s a possible option that the gNB performs the re-distribution just before sending the group notification. A drawback of this approach is, if the other frequency does not provide the MBS service of interest via PTM, the UE is provided the MBS service via unicast or performed handover to the frequency providing PTM. 
· Approach B: Time-domain spreading 
· This approach aims to spread out PRACH transmissions among multiple timings. It would need some sort of transmission opportunities where PRACH is allowed for a set of UEs but prohibited for other sets of UEs. The drawbacks of this approach are it may need a new mechanism, so there needs more standard efforts, e.g., how to group the UEs, how to identify the PRACH transmission opportunities and so on, and for some UEs the access latency is delayed since some UEs has to wait PRACH transmission for a certain period after these receive the group notification. 
These approaches have pros and cons as briefly discussed above. Therefore, RAN2 should discuss which approach is preferable in light of practical deployment scenarios for NR MBS, if needed. 
Proposal 4 Depending on the conclusion of Proposal 3, RAN2 should further discuss whether PRACH transmissions from multiple UEs should be spread out in frequency domain and/or time domain. 
3. Conclusion 
In this contribution, the group notification for MBS Delivery mode 1 and corresponding PRACH capacity issue are discussed. Some initial consideration with solution approaches are provided.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
The baseline assumption RAN2 made is beneficial for UE power consumption and has negligible impact to the paging resource load.
Observation 2
The power consumption of legacy UEs is not an issue in the group notification.
Observation 3
The optimization of legacy PO usage can be up to NW implementation.
Proposal 1
RAN2 should confirm the group notification uses the legacy paging message which is sent in all legacy POs with legacy P-RNTI, at least from UE’s perspective.
Proposal 2
RAN2 should agree to define a new list for the group notification within the existing paging message.
Observation 4
A NW implementation option to keep UEs in RRC Connected just for avoiding PRACH transmissions from these UEs is not preferable from both perspectives of UE power consumption and spectral efficiency.
Proposal 3
RAN2 should discuss how to solve the PRACH capacity issue due to the group notification, i.e., by either NW implementation or a standard mechanism to spread out PRACH transmissions.
Proposal 4
Depending on the conclusion of Proposal 3, RAN2 should further discuss whether PRACH transmissions from multiple UEs should be spread out in frequency domain and/or time domain.
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