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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. In the past RAN2 meetings, the following agreement on the multicast activation notification and the MCCH change notification for NR MBS were derived.
Stage-2 and Multicast activation
· There is Support to have group notification for multicast for MBS supporting nodes (e.g. paging)
· 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 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. 
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) POs with PRNTI is the baseline assumption (can still discuss other variants)

MCCH change notification
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.
FFS whether the possibility of UE missing an MCCH change notification needs to be addressed or can be left to UE implementation.
At least in case RAN1 decides to utilize RNTI other than MCCH-RNTI for MCCH change notification, MCCH change notification is sent in the first MCCH monitoring occasion of each MCCH repetition period.

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref40865202]In the contribution, the further discussion on the notifications above is made and the related proposals are suggested.
2 Multicast activation notification
Based on the agreement above, PCCH is used for sending the multicast activation notification. But how to determine the PF and the PO for the multicast activation notification is not decided yet. The following two options can be used to determine the PF and PO for the multicast activation notification.
Option 1: TMGI of a multicast session can be used as 5G-S-TMSI to determine the PFs and POs for the multicast activation notification of the multicast session. The paging period T for the multicast activation notification of each multicast session can be allocated to the related UEs. If not allocated to the related UEs, the default paging period T broadcast in the system information can be used. 
In detail, the existing PF and PO can be reused for the multicast activation notification with UE_ID=TMGI mod 1024, where TMGI is the ID of the corresponding multicast session:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns

Option 2：Define the continuous PFs in the paging period for the multicast activation notification to be sent intensively. The paging period T for the multicast activation notification of each multicast session can be allocated to the related UEs. If not allocated to the related UEs, the default paging period T broadcast in the system information can be used.
In detail, the following formulae are used for determining the continuous PFs and the POs for the multicast activation notification.
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (L div N)*(UE_ID mod N)
UE_ID=TMGI mod 1024
Where the continuous PFs contains L DL radio frames.
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns

Option 1 reuses the existing PF and PO definition for the multicast activation notification, no extra specification effort is needed. But for option 1, UE receiving a Multicast session needs to monitor the corresponding PO in the corresponding PF for the multicast session. The PFs for the different multicast sessions usually scatter in each paging period. If UE want to receive more than one multicast session, UE needs to monitor the different PFs, which means the more power consumption in UE.
For option 2, the new PF definition is introduced with the ignored specification effort. For option 2, the multicast activation notifications are converged within the continuous PFs in each paging period, which may save the power consumption in UE compared with option 1.
Based on the above discussion, the following proposal is suggested.
[bookmark: OLE_LINK4]Proposal 1: The multicast activation notification can reuse the existing PFs or take the new continuous PFs. Select between the two options. If both options can be supported, which option is used shall be indicated by RRC signalling.

The multicast activation notification can draw all UEs authorized to receive a multicast session into RRC_CONNECTED, which can save the DL radio resource as much as possible compared with drawing each UE into RRC_CONNECTED one by one. But it may bring the PRACH capacity issue: the UEs authorized to receive a multicast session will trigger the PRACH procedure intensively. In order to solve the PRACH capacity issue, more PRACH resource needs to be configured for the multicast activation notification. For example, the number of the time domain PRACH occasions denoted by Duration can be introduced and sent as a part of the multicast activation notification. After detecting the associated multicast activation notification, UE will randomly select a delay value within [0, Duration] with value 0 corresponding to the first/earliest available time domain PRACH occasion. Then UE triggers the PRACH procedure according to the selected delay value. If Duration is NOT sent, UE will trigger the PRACH procedure as usual.
Based on the discussion above, the following proposal is suggested.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 2: In order to solve the PRACH capacity problem for the multicast activation notification, the time range [0, Duration] can be configured as a part of the multicast activation notification where Duration represents the number of the time domain PRACH occasions. The UEs authorized to receive the associated multicast session can trigger the PRACH procedure during the time range with value 0 in the time range corresponding to the first/earliest available time domain PRACH occasion for triggering the PRACH procedure.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK22][bookmark: OLE_LINK7][bookmark: OLE_LINK14][bookmark: OLE_LINK17]When N multicast activation notifications and M=0/1 unicast paging collide for a UE, the UE can trigger the unique PRACH procedure as usual. After the UE enters into RRC_CONNECTED, the UE can trigger K<=N+M service negotiation procedures with 5GC using K ULInformationTransfer messages with one procedure for one selected session. In detail, the following scenarios exist for N, M and K.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Scenario 1: N=1, M=1, K=1
For scenario 1, N=1 multicast activation notification and M=1 unicast paging collide for a UE. Due to the UE capacity limitation, the UE can only select one session between the multicast session and the unicast session and then trigger K=1 service negotiation procedure with 5GC for the selected session.

Scenario 2: N=1, M=1, K=2
For scenario 2, N=1 multicast activation notification and M=1 unicast paging collide for a UE. The UE can concurrently support these two sessions according to its capability. Therefore the UE triggers K=2 service negotiation procedures with 5GC for these two sessions.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Scenario 3: N>1, M=0, K<=N
For scenario 3, N>1 multicast activation notifications collide for a UE. The UE can support K multicast sessions according to its capability. Therefore the UE triggers K service negotiation procedures with 5GC for the K selected multicast sessions.

Scenario 4: N>1, M=1, K<=N+M
For scenario 4, N>1 multicast activation notifications and M=1 unicast paging collide for a UE. The UE can support K multicast sessions according to its capability. Therefore the UE triggers K service negotiation procedures with 5GC for the K selected multicast sessions.
Based on the discussion above, the following proposals are suggested.
[bookmark: OLE_LINK36]Proposal 3: When N multicast activation notifications and M=0/1 unicast paging collide for a UE, the UE triggers the unique PRACH procedure as usual.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK8]Proposal 4: After the UE enters into RRC_CONNECTED, the UE can trigger K<=N+M service negotiation procedures with 5GC using K ULInformationTransfer messages with one procedure for one selected session. The possible values for N, M and K are listed below. The value ranges for N and K need to be decided.
(1) N=1, M=1, K=1
(2) N=1, M=1, K=2
(3) N>1, M=0, K<=N
(4) N>1, M=1, K<=N+M


3 MCCH change notification
For the MCCH change notification, the left FFSs are discussed as below.
In order to further reduce the power consumption in UE, the detailed indication of the existing MBS session configuration updates can be made for the MCCH change notification. For example, a new field of N bits long is set in the MCCH change notification DCI format with the n-th bit in the field for the n-th MBS type, where n=1,…,N, and N is the number of the MBS types on MCCH. If at least one MBS session belonging to the n-th MBS type has its configuration updated, the n-th bit is set as 1. Otherwise, the n-th bit is set as 0. The new field can indicate to UE which MBS type has the configuration update. If UE is receiving or interested in receiving the MBS session of some MBS type, such new field can further save its power. 
In order for such new field to take effect, the MBS type of each MBS session is indicated on MCCH. The content of MCCH consists of the configuration information of N MBS types, where the configuration information of the n-th MBS type consists of the index n-1, the number of the MBS sessions belonging to the n-th MBS type and the configuration information of each MBS session belonging to the n-th MBS type. 
For the MCCH change notification missing problem, the repetition of the MCCH change notification in each MCCH repetition period can be used. In detail, the K*R PDCCH occasions are used for the MCCH change notification in each MCCH repetition period, where the current cell is covered by K beams, R is the repetition number of the MCCH change notification, the K beams covered the current cell are used to transmit the MCCH change notification with the MCCH change notification transmitted by S times in each beam direction.
Based on the discussion above, the following proposals are suggested.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK3][bookmark: OLE_LINK33]Proposal 5: the new field of N bits long is introduced in the MCCH change notification DCI format with the n-th bit for the n-th MBS type. For each MBS session with the configuration information on MCCH, the type of the MBS session is indicated on MCCH.
Proposal 6: The repetition of the MCCH change notification is supported to avoid the MCCH change notification missing problem.

4 Conclusion
Based on the discussion in the above sections, the following proposals are suggested.
Proposal 1: The multicast activation notification can reuse the existing PFs or take the new continuous PFs. Select between the two options. If both options can be supported, which option is used shall be indicated by RRC signalling.

Proposal 2: In order to solve the PRACH capacity problem for the multicast activation notification, the time range [0, Duration] can be configured as a part of the multicast activation notification where Duration represents the number of the time domain PRACH occasions. The UEs authorized to receive the associated multicast session can trigger the PRACH procedure during the time range with value 0 in the time range corresponding to the first/earliest available time domain PRACH occasion for triggering the PRACH procedure.

Proposal 3: When N multicast activation notifications and M=0/1 unicast paging collide for a UE, the UE triggers the unique PRACH procedure as usual.

Proposal 4: After the UE enters into RRC_CONNECTED, the UE can trigger K<=N+M service negotiation procedures with 5GC using K ULInformationTransfer messages with one procedure for one selected session. The possible values for N, M and K are listed below. The value ranges for N and K need to be decided.
(5) N=1, M=1, K=1
(6) N=1, M=1, K=2
(7) N>1, M=0, K<=N
N>1, M=1, K<=N+M

Proposal 5: the new field of N bits long is introduced in the MCCH change notification DCI format with the n-th bit for the n-th MBS type. For each MBS session with the configuration information on MCCH, the type of the MBS session is indicated on MCCH.

Proposal 6: The repetition of the MCCH change notification is supported to avoid the MCCH change notification missing problem.
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