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Introduction
In RAN2#113-bis-e meeting, following agreements were made for NR MBS in Idle/Inactive mode [1].
	Group Notification:
· Chair: RAN2 will prioritize Active Multicast support in RRC Connected mode in Rel-17. If time permits Multicast support for RRC Inactive can be considered later (once connected mode Multicast solution, and Broadcast solution has become more mature).
· 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 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. 
       
MCCH:
· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. 
· New RNTI is defined for scheduling MCCH.
· The concept of MCCH transmission window, similar to the one used for LTE SC-PTM, is used for NR MCCH scheduling. The exact parameters to define the window are FFS (discussed in the following proposals).
· Common search space is needed for MCCH scheduling. RAN2 should request RAN1 to discuss the details of CSS for MCCH.
· R2 assumes PDCCH occasions for MCCH search space are associated with SSBs in a pre-defined manner so that the UE can receive MCCH scheduling on PDCCH occasions according to its detected SSB. 
· R2 assumes, In case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· R2 assumes that If common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331. 

· Request RAN1 to discuss the details of the configuration of the bandwidth for MCCH reception. 
· The modification period is defined for NR MCCH and NR MCCH contents are only allowed to be modified at each modification period boundary.
· The updated MCCH message should be sent in the same MCCH modification period where the change notification is sent.
· UE in RRC IDLE/INACTIVE should be able to monitor/read both MCCH channel and SI/Paging without BWP switch. It is up to RAN1 to decide how this is ensured.
· It is up to RAN1 to to decide about the RNTI and DCI format used for MCCH change notifications. 
· FFS whether to support multiple MCCH, e.g. to support different service types. 
· RAN2 will discuss and down-select from the following two options for the UE to get aware of session stop/modification:
· Reading MCCH once per each MCCH modification period when receiving an ongoing broadcast session
· DCI used for MCCH notification indicates the change of an ongoing broadcast session 



In this contribution, we further discuss the aspects related to NR MBS in Idle and Inactive modes.
Discussion
Multicast Session Group Notification
As a multicast session can change across activated and deactivated service states, UEs belonging to pertinent multicast group, need to be informed about service state change. Since as per RAN2 agreement only RRC_CONNECTED state is prioritized for active multicast support in Rel-17, only RRC_CONNECTED UEs would receive session deactivation notification and furthermore, dedicated signalling will provide both activation and deactivation related notification. However, UEs which have moved to RRC_IDLE or RRC_INACTIVE state, need to be provided session notification for activation (of their deactivated multicast session(s)) by utilizing group notification approach. 
Approach for multicast session group notification
For the purpose of multicast session notification indicating activation for UEs in RRC_IDLE and RRC_INACTIVE states, there seem 3 potential approaches/options possible:
Option 1: Unicast Paging
Multicast session notification can be accommodated as an alternate paging identity or a new field in a paging record representing MBS session Id. Same PF/PO for the unicast UE/UE-paging-group is monitored for session notification. Paging is addressed to legacy P-RNTI.
Option 2: Group Paging
UEs monitor new PF/PO for group paging of multicast session notification. Paging Identity is mapped to MBS session Id and paging can be addressed to a common RNTI e.g. M-RNTI.
Option 3: MCCH based approach
MCCH change notification can also indicate notification for multicast session activation. MCCH can carry the activated multicast session Id. Further, potentially, MCCH may also carry all presently activated multicast session Ids and relevant information.


Table 1: Comparison for multicast session notification approaches
	Approach →
Factors ↓
	Unicast Paging
	Group Paging
	MCCH based approach

	Complexity
	High as need to additionally accommodate MBS paging record and handling
	High with a new mechanism, new PF/PO monitoring
	Low with reusing existing mechanism; change limited to MCCH signalling message

	Resource Cost
	High: Separate MBS paging record for each UE/UE-paging-group
	Medium: Separate PF/PO but addressing entire multicast group of UEs together
	Low: Existing MCCH change notification and MCCH can be easily extended

	Power Cost
	Medium: Additional processing for MBS paging record
	High: Separate monitoring occasions (worst case – legacy paging, MCCH change notification, multicast group paging)
	Low: no new monitoring occasions (worst case – legacy paging and MCCH change notification)

	Effort & Specification Impact
	Medium to High
	High
	Low as proven approach of MCCH change notification/MCCH from legacy LTE; change limited to signalling message

	Flexibility
	Low
	Medium
	High as MCCH message has bandwidth/flexibility

	Reliability/ Robustness
	Low
	Low
	High as inherent repetition for MCCH change notification /MCCH. Moreover, MCCH can  also accommodate all presently activated multicast session list

	Scalability
	Low as limitation of paging capacity
	Medium
	High as MCCH message offers bandwidth and flexibility; can accommodate multiple sessions information

	Latency of approach
	Limited by unicast paging configuration (min 320ms)
	Configurable (power consumption / multiple sessions may be limiting factors)
	Configurable (existing provisions of MCCH can support e.g. repetition period)



Proposal 1: Adopt MCCH based approach for multicast session group notification.
Reliability and robustness of notification approach
There can be many reasons and causes due to which an UE in RRC_IDLE or RRC_INACTIVE state may miss the multicast session group notification and will be unable to regain the multicast session reception (e.g. UE has a temporary service or coverage loss, notification decoding issue, MUSIM switching gap). This demands for the need of reliability and robustness of notification approach. For this purpose, repetitions of group notification can be targeted. In general, repetition at every “Nth” paging cycle for “M” iterations can be considered for unicast paging and/or group paging approaches. However, this would certainly add to complexity and power cost, and still may not be able to achieve 100% reliability. 
It is worthwhile to note that MCCH change notification has inherent repetitions and can convey session notification during the Modification Period (MP) which is typically large. However, if gap duration for the UE is larger than MP, UE may miss session notification. The issue can be resolved with 100% reliability if MCCH carries the list of all presently activated multicast sessions and UE can check the session activation status when needed i.e. possibly at the earliest repetition. Further, MCCH can, potentially, provide sufficient bandwidth and flexibility to include any other essential configuration information needed for multicast session reception e.g. PTM/PTP mode, BWP, UAC parameters, congestion status etc. We think RAN2 should further study if any additional information for multicast session reception is considered to be provided by MCCH.
Observation 1: Unicast paging and Group paging based notification approaches require paging repetitions to support UEs which may miss session notification. This certainly adds to complexity and power cost, and still may not be able to achieve 100% reliability.
Observation 2: MCCH change notification has inherent repetitions and can convey session notification during the Modification Period which is typically large.
Observation 3: It is possible to achieve 100% reliability and robustness with MCCH carrying the list of all presently activated multicast sessions.
Proposal 2: MCCH change notification conveys the presence of multicast session group notification (e.g. a new multicast session is activated)
Proposal 3: MCCH carries the list of all presently activated multicast sessions. FFS any other additional information for multicast session reception.
RACH congestion
In certain scenarios, where UEs, belonging to large groups or dense deployments (e.g. stadium, concert), when notified for session activation, there would be sudden surge in access attempts at same time. Consequently, it may lead to RACH congestion issue. Further, latency requirements may also vary for different multicast sessions. This twin challenge can be addressed if certain provisions are provided to distribute the access attempts and also differentiate the multiple multicast sessions with regard to their latency needs. We consider that group notification approach involves UAC mechanism for access attempt control and distribution. That is, TMGIs for multicast sessions are associated with access category and/or access identities and they are provided to UEs through USD/EPG or dedicated signalling when UEs join the pertinent multicast session. In the RRC_IDLE/RRC_INACTIVE state, UE avails the UAS barring info for the access category and/or access identities for multicast sessions through SIB1 and determine the access barring for multicast session when group notification (activation) is received and access attempt is to be made.
Proposal 4: To control RACH congestion upon reception of group notification for multicast session, UAC approach is adopted. UE receives the access category and/or access identities for the relevant multicast session(s) through USD/EPG or dedicated signalling while joining group.
Proposal 5: In the RRC_IDLE/RRC_INACTIVE state, UE receives the UAS barring info for access category and/or access identities for multicast sessions through SIB1 and determines the access barring for multicast session when group notification is received and access attempt is to be made.
Session release scenario
Multicast session group notification is primarily focussed on the ‘activation’ signalling to UEs in RRC_IDLE and RRC_INACTIVE states. However, there seems some ambiguity as to how these UEs will get to know about the potential ‘session release’ of the multicast session. It is understood that not all session stop times may be provided in EPG/USD given the dynamic scenario for multicast group services. Thereby, these UEs may be required to continuously and indefinitely monitor for group notification, even though these sessions might have been released. 
Furthermore, UE may also lose interest in multicast session in RRC_IDLE or RRC_INACTIVE state and it is understood that UE is required to provide a session leave indication to 5GC using NAS signalling as per previous RAN2 agreement [2] “RAN2 assumes that MBS session join/leave indications are sent using NAS signalling regardless of the RRC state the UE is in. 5GC should inform RAN about the UE leaving the MBS session”.

Apparently, there is a need to define a clear behaviour for these UEs, in RRC_IDLE and RRC_INACTIVE states, considering following 
a) Whether UEs, are also informed for the session group notification conveying “session release”, apart from session activation? 
b) Whether UEs can terminate the session group notification monitoring after a specified or a configured time duration if the session is not (re-)activated e.g. after a certain Inactivity timer expiry?
c) Whether UEs need to explicitly inform ‘session leave’ indication to network e.g. after completion of configured time duration without activation? Or is it implicitly understood by network?
Proposal 6: RAN2 to discuss on the need to define clear behaviour with regard to multicast session release for UEs in RRC_IDLE and RRC_INACTIVE states.
Catering UEs yet to join multicast session
[bookmark: _GoBack]As agreed in previous RAN2 meeting, multicast session reception is prioritized for RRC_CONNECTED state only.  Many of the UEs could be in RRC_IDLE or RRC_INACTIVE states, when they have interest or need to join multicast session. However, these UEs would not be monitoring for multicast session group notification for activation as they do not have deactivated session previously. Further, as multicast session needs to be joined and/or received in RRC_CONNECTED state, UE would transit to RRC_CONNECTED state. However, it is possible that session is not yet activated and UEs may fall back to RRC_IDLE/RRC_INACTIVE state. Moreover, as per SA2 TR [3], network may also reject or back-off the UE’s request to join, when session is not started or not in activated state, which would degrade user experience.
However, if session group notification message (e.g. MCCH) carries all presently activated multicast session Ids, it becomes readily possible for the UEs to know about activation (availability) status for interested multicast session and accordingly transit to RRC_CONNECTED state and join/receive the session.
Proposal 7: UE in RRC_IDLE/RRC_INACTIVE state, which is yet to join multicast session, can know activation (availability) status of multicast MBS session through MCCH. Based on this information, UE transits to RRC_CONNECTED state to join and/or receive multicast MBS session.
In line with SC-PTM approach, broadcast signalling with utilizing MCCH seems most efficient approach to cater to large number of MBS services including 
a) Service configurations for broadcast services in RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED states 
b) Service availability/activation information for multicast sessions that are to be received in RRC_CONNECTED state only.
Proposal 8: MCCH carries service configurations for broadcast services in RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED states (i.e. delivery mode 2) and availability/activation information for multicast sessions that are to be received in RRC_CONNECTED state only (i.e. delivery mode 1).
MCCH Operation
Change Notification and Service Continuity
As agreed in RAN2#113-e meeting, two step signalling approach with SIB provides configuration for MCCH, and with MCCH, in turn, provides MBS service configuration for DM 2. Further, UEs which are interested but not yet receiving MBS services need to be notified about start of the session. It is inefficient to expect these UEs to continuously read MCCH to determine the same. Again, SC-PTM based approach of utilizing PDCCH/DCI of MCCH change notification (indicating start of session) is simple and efficient. We think any other notification related to change of PTM configuration in MCCH is not needed, as UEs which are receiving MBS services are expected to read MCCH at least once in every modification period. Typically, MCCH modification period for broadcast services can be long (with smaller repetition period to support newly joining UEs) and therefore, no special handling is required and no significant power saving is expected.
A UE in RRC_IDLE/RRC_INACTIVE state can be mobile and can perform reselection to any neighbour cell. For UEs interested to receive MBS services, it is not possible to decide on the best cell for reselection without having the knowledge of MBS services support on the neighbour cells. If the availability of interested MBS services on neighbour cells/frequencies is known, the UE can prioritize those cells or frequencies for reselection. We consider SCPTM approach for frequency prioritization at cell reselection is suitable and sufficient for NR MBS.
Proposal 9: Adhering to SC-PTM principles, following are agreed for NR MBS for broadcast services (delivery mode 2)
· Session start notification for MBS service is provided with MCCH change notification
· No other change notification for MCCH (e.g. PTM MBS configuration change) is notified. UE reads MCCH at least once in every MCCH modification period to determine any change in PTM MBS configuration
· The availability of MBS service on neighbour frequencies should be available for UE in Idle/Inactive mode.
· During reselection evaluation, a UE interested in MBS service prioritizes the frequency on which interested MBS service is available
Broadcast/Control Signalling
We think MBS SIB can be area specific in order to extend the coverage with multiple cells. Also, other SIBs are area specific. Following the general principle, it will have minimal impact to MBS SIB design. Further, as we don’t have SFN operation in NR MBS and MCCH information would be expectedly different between cells due to different PTM services, it is imperative to keep MCCH as cell specific. Further, there is no real need for On-demand MCCH or multiple MCCHs for DM 2 and they bring unnecessary complexity.
Neighbour cell list provided in SC-PTM was not used for Idle mode reselection in LTE and it also adds to the undesired complexity Considering service continuity needs to be provided in DM 2 only in the best effort manner, we think neighbour cell list needs not be provided in PTM configuration.
Proposal 10: RAN2 to adopt following aspects for broadcast signalling
· MBS SIB is area specific.
· MCCH is cell specific. 
· On-demand MCCH transmission is not necessary.
· Single MCCH within a cell is sufficient.
· Neighbour cell list is not provided in PTM configuration
BWP Operation
Considering UEs can receive DM 2 MBS service in RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED states, there could be a BWP mismatch between Initial BWP (or configured MBS BWP/CFR) for DM 2 and RRC_CONNECTED UE’s active/dedicated BWP. To address this, we may need to consider some rules/restrictions, e.g.
a. UE is able to receive MBS on Initial BWP in parallel along with unicast on dedicated BWP
b. UE can receive MBS service in RRC_CONNECTED state when it is provided on frequency region which has overlapping on Initial BWP and dedicated BWP when possible
c. Same MBS broadcast service is provided both on frequency regions on Initial BWP and dedicated BWP separately and UE can receive MBS service based on its RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED state
d. UE decides to continue either unicast service or MBS service if it is not feasible to receive both
We understand DM 2 MBS services e.g. broadcast services should be considered as best effort manner delivery and need not be guaranteed. Therefore, simplest approach among listed would be approach ‘b’ so that UE can receive these MBS services only when it is feasible. Notably approach ‘a’ and ‘c’ complicates the UE capability and network service provisioning respectively. Prioritizing broadcast services by terminating unicast services and switching BWP as in approach ‘d’ will also be drastic.
Proposal 11: MBS services in delivery mode 2 are received in best effort manner only and are not guaranteed for delivery from UE capability, BWP support and/or network provisioning perspective.
Proposal 12: Delivery mode 2 MBS service is received alike for RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED state UEs i.e. on frequency region which has overlapping on Initial BWP (or configured MBS BWP/CFR) and dedicated BWP.
Conclusion
RAN2 is requested to discuss and agree to the following observations and proposals:
Multicast Session Group Notification
Proposal 1: Adopt MCCH based approach for multicast session group notification.
Observation 1: Unicast paging and Group paging based notification approaches require paging repetitions to support UEs which may miss session notification. This certainly adds to complexity and power cost, and still may not be able to achieve 100% reliability.
Observation 2: MCCH change notification has inherent repetitions and can convey session notification during the Modification Period which is typically large.
Observation 3: It is possible to achieve 100% reliability and robustness with MCCH carrying the list of all presently activated multicast sessions.
Proposal 2: MCCH change notification conveys the presence of multicast session group notification (e.g. a new multicast session is activated)
Proposal 3: MCCH carries the list of all presently activated multicast sessions. FFS any other additional information for multicast session reception.
Proposal 4: To control RACH congestion upon reception of group notification for multicast session, UAC approach is adopted. UE receives the access category and/or access identities for the relevant multicast session(s) through USD/EPG or dedicated signalling while joining group.
Proposal 5: In the RRC_IDLE/RRC_INACTIVE state, UE receives the UAS barring info for access category and/or access identities (for multicast sessions) through SIB1 and determines the access barring for multicast session when group notification is received and access attempt is to be made.
Proposal 6: RAN2 to discuss on the need to define clear behaviour with regard to multicast session release for UEs in RRC_IDLE and RRC_INACTIVE states.
Proposal 7: UE in RRC_IDLE/RRC_INACTIVE state, which is yet to join multicast session, can know activation (availability) status of multicast MBS session through MCCH. Based on this information, UE transits to RRC_CONNECTED state to join and/or receive multicast MBS session.
Proposal 8: MCCH carries service configurations for broadcast services in RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED states (i.e. delivery mode 2) and availability/activation information for multicast sessions that are to be received in RRC_CONNECTED state only (i.e. delivery mode 1).
MCCH Operation
Proposal 9: Adhering to SC-PTM principles, following are agreed for NR MBS for broadcast services (delivery mode 2)
· Session start notification for MBS service is provided with MCCH change notification
· No other change notification for MCCH (e.g. PTM MBS configuration change) is notified. UE reads MCCH at least once in every MCCH modification period to determine any change in PTM MBS configuration
· The availability of MBS service on neighbour frequencies should be available for UE in Idle/Inactive mode.
· During reselection evaluation, a UE interested in MBS service prioritizes the frequency on which interested MBS service is available
Proposal 10: RAN2 to adopt following aspects for broadcast signalling
· MBS SIB is area specific.
· MCCH is cell specific. 
· On-demand MCCH transmission is not necessary.
· Single MCCH within a cell is sufficient.
· Neighbour cell list is not provided in PTM configuration
BWP Operation
Proposal 11: MBS services in delivery mode 2 are received in best effort manner only and are not guaranteed for delivery from UE capability, BWP support and/or network provisioning perspective.
Proposal 12: Delivery mode 2 MBS service is received alike for RRC_IDLE/RRC_INACTIVE and RRC_CONNECTED state UEs i.e. on frequency region which has overlapping on Initial BWP (or configured MBS BWP/CFR) and dedicated BWP.
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