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1. Introduction
In RAN2#114-e meeting, the following agreements were made based on the discussion on MBS reception for Idle and Inactive mode UEs: 
P1-P6 are agreed
· MBS specific SIB is defined to carry MCCH configuration. 
· MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX). L1 parameters that need to be included in MCCH are pending further RAN1 progress and input.
· Postpone the discussion on whether dedicated MCCH configuration is required until RAN1 makes progress on BWP/CFR for MCCH.
· 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.

· We support single MCCH (in this release)
· We will inform R1 in an LS, short email approval

And following agreements were made based on the discussion on notifications for multicast: For multicast activation notification (for 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 paper, we will further discuss notifications for multicast and broadcast.
2. Discussion
2.1. Missing of MCCH notification
[bookmark: OLE_LINK18]As agreed in the last meeting, 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. As a result, there may be a problem of UE missing the MCCH change notification, e.g. due to poor radio condition. Missing the session start notification in previous modification period, an MBS service interested UE would continue monitoring the change notification in current modification period, unaware of the network being now providing its interested MBS service. Unaware of the service stop or MCCH modification, the UE keeps trying to use previous G-RNTI to decode MTCH until another session update/stop is triggered, which would increase its power consumption (in case stop notification was sent) or lead to inability to receive a service (in case the notification was for session modification). This problem is especially relevant if additional RNTI (e.g. MCCH-N-RNTI) different from MCCH-RNTI (new RNTI defined for scheduling MCCH) is introduced, as in this case the UE may not be able to distinguish the situation when the change notification was not received as the network did not send it or because a UE simply failed to detect it due to poor radio conditions. Since MCCH is always sent by the network during each repetition period, when UE uses MCCH-RNTI for notification, it is always able to differentiate these two situations. Therefore, we suggest that change notification shall be indicated with MCCH-RNTI rather than additional introduced RNTI (e.g. MCCH-N-RNTI).
[bookmark: OLE_LINK19]Observation 1: Change notification indicated with MCCH-RNTI is more beneficial compared with using additional introduced RNTI (e.g. MCCH-N-RNTI), considering the issue of UE missing the notification.

RAN2 previously requested RAN1 to make a decision on the RNTI used for MCCH change notification and RAN1 made the following agreements:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, study the following alternatives for MCCH change notification indication due to session start:
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;
Other solutions are not precluded and it is also not precluded whether to support both Alt1 and Alt2.


As RAN2 has now agreed that the same notification mechanism is used for both session start and end/modification (pending RAN1 confirmation), it would be beneficial to make RAN1 aware of the issue related to missing the notification as outlined above, and indicate that Alt 2 is preferred to avoid it.
Proposal 1: Send an LS to RAN1 indicating a preference for using MCCH-RNTI for MCCH modification notification (Alt 2).
2.2. Group paging
2.2.1 Decreasing group paging overhead
[bookmark: OLE_LINK30][bookmark: _GoBack]As agreed in the last meeting, the MBS session ID is conveyed in the group notification for multicast for MBS supporting nodes. To support group notification, paging in all (legacy) POs with P-RNTI is the baseline assumption, which ensures that the UE is not required to monitor any extra POs to receive group notification. In this baseline scheme, group notification carrying MBS session ID is sent in all available PFs and POs in the cell without verifying UE paging identities or UE-specific DRX cycles of UEs really interested in receiving the service. This is a simple way to ensure group paging reaches all multicast UEs, but at the same time sending MBS session ID on all legacy POs leads to a waste of resources since not all legacy POs are required to reach all concerned UEs. For example, as shown in the figure below, multicast UE 1 monitors the first PO in SFN = 2 (and 34), and multicast UE 2 only monitors the first PO in SFN = 10. In this case, sending MBS session ID on all legacy POs leads to a big waste of radio resources since there are no UEs are interested in the given [image: ]MBS session which are monitoring any other PO. 

Observation 2: Sending MBS session ID on all legacy POs leads to a waste of radio resources since not all legacy POs are required for group paging.
[bookmark: OLE_LINK24]To decrease the signalling overhead, enhancements to the baseline assumption for group paging are needed. The main reason for the resource waste is a lack of paging information of UEs interested in multicast service in RAN (e.g., DRX cycles of UEs, UE paging ID). The PF and PO for a UE are determined by the following formulae:
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,
[bookmark: OLE_LINK29][bookmark: OLE_LINK28][bookmark: OLE_LINK25]wherein the DRX cycle T and UE paging index UE_ID (5G-S-TMSI mod 1024) are specific for each UE. Note that the range of T (i.e., 32, 64, 128, 256 radio frames) as well as UE_ID (i.e., 0 to 1023) is limited. There is a possibility that different multicast UEs are using the same T and UE_ID to determine their PF and PO. For example, the DRX cycle of UE 1 and UE 3 are the same (32 radio frames), while the 5G-S-TMSI value of UE 1 is 1025 and that of UE 3 is 2029. According to the formulae, the determined PF and PO for multicast UE 1 and UE 3 are same, as shown in the figure below.
[image: ]
[bookmark: OLE_LINK33][bookmark: OLE_LINK31]If the multicast UE’s paging information was available at the gNB, a PO down selection could be performed in case not all legacy POs are required for group paging, leading to a more resource efficient paging channel utilization. 
Observation 3: If the multicast UE’s paging information was available at the gNB, a PO down selection could be performed in case not all legacy POs are required for group paging, leading to a more resource efficient paging channel utilization.
Observation 4: Since the same paging related information (i.e. DRX cycle T and UE paging index UE_ID) can be applicable to multiple UEs, there is no need for the gNB to get this information for each MBS UE separately, which limits the related overhead.
Based on the discussion and observations above, we think it would be beneficial to have a possibility for the CN to provide UE paging related information to the gNB for the UEs interested in a particular MBS service, so that paging signalling overhead is reduced on the air interface.
Proposal 2:  CN should be able to provide to the gNB the paging information of multicast UE’s for the MBS service for which Group Paging is initiated, i.e. relevant DRX cycle T and UE paging index UE_ID). 
Proposal 3: Send an LS to RAN3 and SA2 requesting them to specify the required network signalling. 

2.2.2 PRACH capacity issues
As captured in RAN2 #113bis-e meeting, it is FFS whether RAN2 needs to handle PRACH capacity issues due to group notifications. In the baseline assumption for group notification, legacy POs are used for group notification. Since different UEs will have different UE paging identities, their determined POs will also be different. Therefore UEs interested in an MBS service will be monitoring different POs and usually the number of UEs mapped to a single PO is limited. This will already ensure that UEs’ network access attempts will be distributed in time which automatically mitigates RACH congestion issue. Furthermore, RAN can choose by itself to further spread group paging in time by not including MBS session ID in all POs simultaneously. This can be achieved by implementation and therefore we see no need to handle PRACH capacity issues due to group notifications.
Observation 5: Since different UEs are monitoring different POs, UEs’ access attempts due to group paging will be already distributed in time and PRACH capacity issues will be avoided.
Proposal 4: There is no need to handle PRACH capacity issues due to group notifications.

3. Conclusion
Based on the above discussion, we have the following observations and proposals: 
· With respect to MCCH change notification:
Observation 1: Change notification indicated with MCCH-RNTI is more beneficial compared with using additional introduced RNTI (e.g. MCCH-N-RNTI), considering the issue of UE missing the notification.
Proposal 1: Send an LS to RAN1 indicating a preference for using MCCH-RNTI for MCCH modification notification (Alt 2).
· With respect to Group Paging overhead:
Observation 2: Sending MBS session ID on all legacy POs leads to a waste of radio resources since not all legacy POs are required for group paging.
Observation 3: If the multicast UE’s paging information was available at the gNB, a PO down selection could be performed in case not all legacy POs are required for group paging, leading to a more resource efficient paging channel utilization.
Observation 4: Since the same paging related information (i.e. DRX cycle T and UE paging index UE_ID) can be applicable to multiple UEs, there is no need for the gNB to get this information for each MBS UE separately, which limits the related overhead.
Proposal 2:  CN should be able to provide to the gNB the paging information of multicast UE’s for the MBS service for which Group Paging is initiated, i.e. relevant DRX cycle T and UE paging index UE_ID). 
Proposal 3: Send an LS to RAN3 and SA2 requesting them to specify the required network signalling. 
· With respect to PRACH capacity issues due to Group Paging
Observation 5: Since different UEs are monitoring different POs, UEs’ access attempts due to group paging will be already distributed in time and PRACH capacity issues will be avoided.
Proposal 4: There is no need to handle PRACH capacity issues due to group notifications.


4
image1.png
SFN:

SFN:

SFN:

2 6 10 12 18 26 30 34 38
UE1: T_DRX=32, UE_ID=1
2 34

UE2: T.DRX=64, UE_ID=3





image2.png
SFN:

SFN:

SFN:

2 6 10 12 18 26 30 34 38
UE1: T_DRX=32, UE_ID=1

2 34
UE3: T.DRX=32, UE_ID=1

2 34




