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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 multicast activation notification and MCCH change notification was made.
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)
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.

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.
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.
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2 Multicast activation notification
The following FFS items for multicast activation notification are discussed in the section.
· It is FFS whether RAN2 needs to handle PRACH capacity issues due to group notifications 
It is FFS to introduce MBS specific UAC.
It is FFS on the establishment cause and resume cause for MBS.

According to the agreement that the multicast activation notification for a deactivated multicast session is sent on PCCH in the related POs for the UEs joining the multicast session, there exists the scenario that many UEs joining the multicast session are associated with a same PO. Such scenario leads to PRACH capacity issue if a multicast activation notification is detected by these UEs in the same PO. In order to solve PRACH capacity issue, more PRACH resource needs to be configured for the multicast session. For example, the number of the available PRACH occasions denoted by Duration can be introduced as a part of the configuration information of the multicast session. After detecting a multicast activation notification, UE can randomly select a value within the range [1, Duration] with 1 corresponding to the first/earliest available PRACH occasion and 1<n<=Duration corresponding to n-th available PRACH occasion. Then UE triggers the PRACH procedure at the PRACH occasion indicated by the selected value. If Duration is NOT configured, UE triggers the PRACH procedure as usual.
Based on the discussion above, the following proposal is suggested.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 1: For a multicast session, the parameter Duration can be configured as a part of the configuration information of the multicast session, where Duration represents the number of the available PRACH occasions. For a UE joining the multicast session, after detecting a multicast activation notification for the multicast session, it randomly selects a value within the range [1, Duration] and then triggers the PRACH procedure at the PRACH occasion indicated by the selected value.
Proposal 2: The parameter Duration can be configured per multicast session. If it is not configured for a multicast session, the existing PRACH procedure is used by UE joining the multicast session for the detected multicast activation notification.
Before a UE triggers the PRACH procedure for the detected multicast activation notification for a multicast session, the UE needs to determine the Access Category and the establishment cause/resume cause for the multicast session. Because MBS sessions have the same service types as unicast sessions, therefore MBS sessions can reuse the existing Access Categories and the existing establishment causes/resume causes.
Based on the above discussion, the following proposals are suggested.
Proposal 3: MBS sessions reuse the existing Access Categories.
Proposal 4: MBS sessions reuse the existing establishment causes/resume causes.

3 MCCH change notification
For MCCH change notification, the following questions will be discussed in the section.
· Question 1: Does it need to indicate by MCCH change notification which MBS types have the configuration information updated? If yes, how to indicate the update?
· Question 2: Does it need to provide a neighbouring cell list for an MBS session?
· Question 3: Does it need to indicate by MCCH change notification the update of the neighbouring cell list for an MBS session? If yes, how to indicate the update?
Based on the agreement in the past RAN2 meetings, two bits are used by MCCH change notification with one bit indicating the start of a new MBS session and the other bit indicating the configuration update of an existing MBS session. Whether or not more bits are used by MCCH change notification to indicate which MBS types have the configuration information updated is in the discussion.
Before continuing the discussion on MCCH change notification, the RAN1 progress on MCCH change notification is introduced as below.
(1) The MCCH specific RNTI can be used to send MCCH change notification. Due to the fact that the DCI format for G-RNTI/MCCH-RNTI is size aligned with DCI format 1_0 for C-RNTI in a CSS and several existing fields of DCI format 1_0 for C-RNTI is not used by the DCI format for G-RNTI/MCCH-RNTI, more than ten idle bits can be provided for MCCH change notification by the DCI format for MCCH-RNTI scheduling MCCH.
(2) A new RNTI can be used to send MCCH change notification. If a new RNTI is used to send MCCH change notification, far more than 10 idle bits can be provided for MCCH change notification by the DCI format for the new RNTI scheduling MCCH change notification.
In order to make best use of the idle bits on the DCI format for MCCH-RNTI or a new RNTI, we suggest to introduce a configuration update field of N bit long to indicate which MBS types have the configuration information updated, where N is the number of the MBS types. N=8 or N is configured with a value no more than 8 by the RRC signalling. With the configuration update field of N bits long, UE can optionally acquire MCCH if some MBS types have the configuration information updated. For example, if UE is not interested in an MBS type, it has no need to acquire MCCH if MCCH change notification indicates that only the MBS type has the configuration information updated. Therefore, the configuration update field of N bit long can reduce the power consumption in UE.
Based on the above discussion, the following proposals are suggested.
Proposal 5: A configuration update field of N bit long is used to indicate which MBS types have the configuration information updated, where N is the number of the MBS types. N=8 or N is configured with a value no more than 8 by RRC signalling. For a cell, N=8 is enough.
Proposal 6: If a configuration update field of N bit long is used by MCCH change notification, the MBS sessions in the cell are divided into N MBS types. On MCCH, N lists are used to give the configuration information of N MBS types with different lists for different MBS types. The list of the n-th MBS type gives the configuration information of L(n) MBS sessions of the n-th MBS type, where L(n) is the number of the MBS sessions of the n-th MBS type, and n=1,…,N.
For an MBS session, a neighbouring cell list as a part of the configuration information of the MBS session is used in LTE SC-PTM to indicate which neighbouring cells also provide the MBS session. Such information can help UE to select a suitable cell during cell selection/reselection. The related signalling in LTE SC-PTM is abstracted as below.
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The IE SC-MTCH-InfoList provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information.
SC-MTCH-InfoList information element
-- ASN1START

SC-MTCH-InfoList-r13 ::=			SEQUENCE (SIZE (0..maxSC-MTCH-r13)) OF SC-MTCH-Info-r13

SC-MTCH-Info-r13 ::=				SEQUENCE	{
	mbmsSessionInfo-r13						MBMSSessionInfo-r13,
	g-RNTI-r13								BIT STRING(SIZE(16)),
	sc-mtch-schedulingInfo-r13				SC-MTCH-SchedulingInfo-r13			OPTIONAL,	-- Need OP
	sc-mtch-neighbourCell-r13				BIT STRING (SIZE(maxNeighCell-SCPTM-r13))	OPTIONAL,	-- Need OP
	...,
	[[	p-a-r13								ENUMERATED {
												dB-6, dB-4dot77, dB-3, dB-1dot77,
												dB0, dB1, dB2, dB3}		OPTIONAL	-- Need ON
	]]
}

MBMSSessionInfo-r13 ::=				SEQUENCE	{
	tmgi-r13								TMGI-r9,
	sessionId-r13							OCTET STRING (SIZE (1))		OPTIONAL	-- Need OR
}

SC-MTCH-SchedulingInfo-r13::=		SEQUENCE	{
	onDurationTimerSCPTM-r13				ENUMERATED {
												psf1, psf2, psf3, psf4, psf5, psf6,
												psf8, psf10, psf20, psf30, psf40,
												psf50, psf60, psf80, psf100,
												psf200},
	drx-InactivityTimerSCPTM-r13			ENUMERATED {
												psf0, psf1, psf2, psf4, psf8,
												psf10, psf20, psf40,
												psf80, psf160, ps320,
												psf640, psf960,
												psf1280, psf1920, psf2560},
	schedulingPeriodStartOffsetSCPTM-r13	CHOICE {
		sf10									INTEGER(0..9),
		sf20									INTEGER(0..19),
		sf32									INTEGER(0..31),
		sf40									INTEGER(0..39),
		sf64									INTEGER(0..63),
		sf80									INTEGER(0..79),
		sf128									INTEGER(0..127),
		sf160									INTEGER(0..159),
		sf256									INTEGER(0..255),
		sf320									INTEGER(0..319),
		sf512									INTEGER(0..511),
		sf640									INTEGER(0..639),
		sf1024									INTEGER(0..1023),
		sf2048									INTEGER(0..2048),
		sf4096									INTEGER(0..4096),
		sf8192									INTEGER(0..8192)
	},
	...
}

-- ASN1STOP

Based on the above illustration of the neighbouring cell list for an MBS session in LTE SC-PTM, it’s better to provide a neighbouring cell list for each MBS session in NR MBS.
The next question is whether or not the update of the neighbouring cell list for an MBS session is indicated by MCCH change notification. 
If the neighbouring cell list for an MBS session is regarded as a part of the configuration information of the MBS session, the update of the neighbouring cell list for an MBS session shall be indicated by MCCH change notification according to the following two options.
Option 1: If the configuration information update field of N bits long is used, for an MBS session of the n-th MBS type, if the neighbouring cell list for the MBS session is updated, the n-th bit of the configuration update field is set as 1 to indicate the configuration information of the n-th MBS type is updated. 
Option 2: If only two bits are used for MCCH change notification, the bit indicating the configuration update of an existing MBS session is used to indicate the update of the neighbouring cell list for an MBS session.
Compare the two options, option 1 gives UE the chance to optionally acquire MCCH if MCCH change notification is received by UE. For example, if UE is not interested in some MBS types, UE has no need to acquire MCCH if MCCH change notification indicates that only these MBS types have the configuration information updated. While option 2 needs UE to acquire MCCH each time MCCH change notification is received by UE if UE is interested in or receiving an MBS session.
But if the neighbouring cell list for an MBS session is NOT regarded as a part of the configuration information of the MBS session, the following three options can be used for indicating the update of the neighbouring cell list for an MBS session.
Option 1: MCCH change notification is NOT used to indicate the update of the neighbouring cell list for an MBS session.
Option 2: In addition to the configuration update field of N bits long, a new bit is used to indicate the update of the neighbouring cell list for an MBS session.
Option 3: In addition to the two bits for MCCH change notification, a new bit is used to indicate the update of the neighbouring cell list for an MBS session.
Option 1 can save the power consumption by UE for acquiring MCCH because UE has no need to acquire MCCH for the update of the neighbouring cell list for an MBS session. UE only needs to acquire the latest neighbouring cell list for an interested or received MBS session before related measurement and cell selection/reselection.
Option 2 and option 3 use the same processing to indicate the update of the neighbouring cell list for an MBS session: both options inform UE of the update of the neighbouring cell list for an MBS session and give UE the chance to optionally acquire MCCH. The difference between the two options is listed as below:
(1) Option 2 needs totally N+2 bits for MCCH change notification: 1 bit for indicating a new MBS session, N bits for indicating which MBS types have the configuration information updated, and 1 bit for indicating the update of the neighbouring cell list for an MBS session.
(2) Option 3 needs totally 3 bits for MCCH change notification: 1 bit for indicating a new MBS session, 1 bit for indicating the configuration update of existing MBS sessions, and 1 bit for indicating the update of the neighbouring cell list for an MBS session.
Compared the options with the neighbouring cell list for an MBS session as a part the configuration information of the MBS session and the options with the neighbouring cell list for an MBS session NOT as a part the configuration information of the MBS session, the later options seem better because these options give UE the chance to optionally acquire MCCH if MCCH change notification only indicates the update of the neighbouring cell list for an MBS session.
If a multicast session with low QOS requirement is sent with broadcast mode, the neighbouring cell list for the multicast session may be updated frequently if the UEs joining the multicast session are moving among the cells. For such scenario, the options with the neighbouring cell list for an MBS session NOT as a part the configuration information of the MBS session have obvious benefit over the options with the neighbouring cell list for an MBS session as a part the configuration information of the MBS session.
Based on the above discussion, the following proposals are suggested.
Proposal 7: A neighbouring cell list is provided for an MBS session to indicate which neighbouring cells also provide the MBS session.
Proposal 8: If the neighbouring cell list for an MBS session is regarded as a part of the configuration information of the MBS session, the configuration update field of N bits long is used to indicate the neighbouring cell list for an MBS session is updated.
Proposal 9: If the neighbouring cell list for an MBS session is NOT regarded as a part of the configuration information of the MBS session, a new bit is used to indicate the update of the neighbouring cell list for an MBS session.
Proposal 10: It’s better to use a new bit to indicate the update of the neighbouring cell list for an MBS session.
In the past RAN2 meetings, how to send MCCH change notification was discussed and the following two candidate options were provided.
Option 1: use MCCH-RNTI to send MCCH change notification
Option 2: use a new RNTI to send MCCH change notification
Based on the above introduction of the RAN1 progress for MCCH change notification, the two candidate options work well from RAN1 point of view: option 1 can provide more than 10 idle bits for MCCH change notification on the DCI format for MCCH-RNTI scheduling MCCH while option 2 can provide far more than 10 idle bits for MCCH change notification on the DCI format for a new RNTI scheduling MCCH change notification. Therefore, RAN2 can make the selection between the two options and then send an LS to make RAN1 confirm K idle bits can be provided by the DCI format for the selected RNTI, where 1 idled bit is for indicating a new MBS session, K1 idle bits are for indicating the configuration update of existing MBS sessions, and 1 idle bit is for indicating the update of the neighbouring cell list for an MBS session. 
In detail, if a configuration update field of N bits long and a new bit for indicating the update of the neighbouring cell list for an MBS session are agreed, K=2+N and K1=N, where N=8 or N is configured with a value no more than 8 by RRC signalling. Otherwise, K=3 and K1=1.
Compare the two options for sending MCCH change notification, we can derive the conclusion: option 2 requires UE to decodes a new RNTI and thus increasing the complexity in UE. Therefore, the following proposals are suggested.
Proposal 11: Use MCCH-RNTI to send MCCH change notification.
Proposal 12: Send an LS to RAN1 to make RAN1 confirm that K bits can be provided on the DCI format for MCCH-RNTI scheduling MCCH, where K=10 if the configuration update field of N<=8 bits long is supported by MCCH change notification, otherwise K=3.


4 Conclusion
Based on the discussion in the above sections, the following proposals are suggested.
Multicast activation notification:
Proposal 1: For a multicast session, the parameter Duration can be configured as a part of the configuration information of the multicast session, where Duration represents the number of the available PRACH occasions. For a UE joining the multicast session, after detecting a multicast activation notification for the multicast session, it randomly selects a value within the range [1, Duration] and then triggers the PRACH procedure at the PRACH occasion indicated by the selected value.
Proposal 2: The parameter Duration can be configured per multicast session. If it is not configured for a multicast session, the existing PRACH procedure is used by UE joining the multicast session for the detected multicast activation notification.
Proposal 3: MBS sessions reuse the existing Access Categories.
Proposal 4: MBS sessions reuse the existing establishment causes/resume causes.
MCCH change notification:
Proposal 5: A configuration update field of N bit long is used to indicate which MBS types have the configuration information updated, where N is the number of the MBS types. N=8 or N is configured with a value no more than 8 by RRC signalling. For a cell, N=8 is enough.
Proposal 6: If a configuration update field of N bit long is used by MCCH change notification, the MBS sessions in the cell are divided into N MBS types. On MCCH, N lists are used to give the configuration information of N MBS types with different lists for different MBS types. The list of the n-th MBS type gives the configuration information of L(n) MBS sessions of the n-th MBS type, where L(n) is the number of the MBS sessions of the n-th MBS type, and n=1,…,N.
Proposal 7: A neighbouring cell list is provided for an MBS session to indicate which neighbouring cells also provide the MBS session.
Proposal 8: If the neighbouring cell list for an MBS session is regarded as a part of the configuration information of the MBS session, the configuration update field of N bits long is used to indicate the neighbouring cell list for an MBS session is updated.
Proposal 9: If the neighbouring cell list for an MBS session is NOT regarded as a part of the configuration information of the MBS session, a new bit is used to indicate the update of the neighbouring cell list for an MBS session.
Proposal 10: It’s better to use a new bit to indicate the update of the neighbouring cell list for an MBS session.
Proposal 11: Use MCCH-RNTI to send MCCH change notification.
Proposal 12: Send an LS to RAN1 to make RAN1 confirm that K bits can be provided on the DCI format for MCCH-RNTI scheduling MCCH, where K=10 if the configuration update field of N<=8 bits long is supported by MCCH change notification, otherwise K=3.
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