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1. Discussion
1.1 Multicast service continuity  
From RAN perspective, PTM/PTP radio bearer configuration and Multicast service configuration can be provided in following ways.

Option 1: RAN provides all Multicast Service configuration by using dedicated RRC signalling procedure while in RRC_CONNECTED state.
Option 2: Some of common configuration can be delivered by using broadcast signalling (e.g. SIB) and UE specific configuration can be delivered through dedicated RRC signalling.

For Option 1, based on application layer trigger, UEs are expected to join Multicast session which requires UEs to establish RRC connection. When UE establishes RRC connection, network can provide Multicast service configuration. If such UEs have already transitioned to RRC_IDLE/RRC_INCTIVE state, network can use group paging  to trigger UEs to get into RRC_CONNECTED state to indicate start of multicast data session, change of multicast service configuration, addition or removal of multicast services etc. when multiple Multicast UEs are connected to different frequencies, same Multicast service may have to be provided in different frequencies which consumes more radio resources or UEs need to be redirected to frequency where a UE interested multicast service is available, which causes unwanted additional signalling. 
For Option 2, some of the common multicast service configuration and which multicast services are supported in a given gNB can be delivered to UEs using broadcast RRC signalling and any UE specific MRB configuration (example: L1 HARQ configuration, L2 configuration, BWP/CORESET/SS configuration for PDCCH monitoring etc.) can be provided to UEs through dedicated RRC signalling. Once a UE joins Multicast session and then network can trigger UE to get into RRC_IDLE/RRC_INACTIVE state when there is no active multicast data session on going. In order to avoid network from sending group paging message for Multicast session activation in all frequencies, UE can prioritize frequency on which multicast service is deactivated as long as UE does not leave multicast session.  When RRC_IDLE/RRC_INACTIVE state UEs does idle cell reselection, it is desirable for UE to know which multicast services are available in neighbour cells and which services are supported by different frequencies and this broadcast information can be used by multicast UEs to prioritize idle cell reselection to a neighbour cell/frequency  supporting UE interested multicast services. However, which parameter to be provided in broadcast SIB signalling vs unicast dedicated RRC signalling also depends on RAN1 discussions.   
We prefer Option 2 because it allows flexibility for idle/inactive UEs to perform idle cell reselection for service continuity, optimized resource usage for group paging, same multicast service can be provided in specific frequencies and detailed configuration of MRB reception in RRC_CONNECTED state can be received through dedicated signalling.

Based on above discussion, we propose
Proposal 1. Introduce new SIB indicating list of Multicast Services provided per frequency 

Proposal 2. During idle cell reselection, Multicast UE prioritizes frequency providing Multicast service of UE interest.

Proposal 3.  UE prioritizes frequency where Multicast service is deactivated, and frequency prioritization continues until UE does not leave Multicast session. 

1.2 UAC enhancements for multicast congestion handling 

In legacy NR, Unified Access Control mechanism is used to control UEs from accessing RAN network as congestion control mechanism and is applicable for unicast UEs accessing gNB in all RRC states. 
In NR MBS, following aspects need to be addressed:

For NR Multicast activation, group paging will be sent in unicast paging occasion for group of Multicast UEs in unicast POs. In a given unicast PO, multiple UEs may respond to group paging at same time can cause UL signalling overload. In unicast paging, AC “0” is mapped to paging response access attempts and not subjected to access barring.

From NR RRC specification [6]:

5.3.14.2          Initiation
      Upon initiation of the procedure, the UE shall:

1>  if timer T390 is running for the Access Category:
2>  consider the access attempt as barred;
1>  else if timer T302 is running and the Access Category is neither '2' nor '0':
2>  consider the access attempt as barred;
1>  else:
2>  if the Access Category is '0':
3>  consider the access attempt as allowed;
There are 2 potential methods to reduce RAN signalling overload due to multiple multicast UEs trying to respond to group paging.

·    UAC based solution: define a new AC for multicast group paging response and associated access barring parameters. Here, the goal is to randomize multiple multicast UEs group paging response and distribute gNB’s signalling overload.

·    NAS based solution: to be discussed in CT1.

Proposal 4. RAN2 to discuss and agree one of the following two options. 

· Option 1: Specify new AC as part of UAC for group paging and associated access barring parameters for randomizing UEs group paging response.

· Option 2: Request CT1 to specify NAS based solution. 

In case of RAN congestion, it is possible for gNB to configure different access barring parameters for different access categories (device traffic type) and enable/disable access to different access identities (device type). Similarly, gNBs should have ability to control multicast UEs access attempts. gNB may allocate different priority for unicast vs multicast UE initiated access attempts. This is possible by introducing new access categories for multicast access attempts. For different multicast services with different priorities (example: Video, ethernet traffic etc.), it should be possible to assign different access barring parameters for different multicast access categories.  Multicast services can be categorized into regular and high priority services. Two new access categories can be assigned to regular multicast services and high priority multicast services. With different multicast access categories, it gives flexibility for gNB to configure different access barring parameters and control access for UEs based on priority of different multicast services.  As UAC access categories have impact to CT1, SA1 specifications, we propose to send an LS.
Proposal 5.   Introduce two new UAC Access Categories for UE initiated multicast access attempts belonging to normal and high priority multicast services for RAN congestion handling. 
Proposal 6. Send LS to SA1, CT1 and CC:SA2 to specify new AC for Multicast services.

When a multicast UE is accessing gNB for multicast service joining purpose (not for group paging response), it is beneficial for gNB to identify the purpose of UE’s access attempt to determine whether to accept or reject RRC setup/resume request. This can be accomplished by specifying a new establishment cause and a resume cause for multicast service in both RRC setup request message and RRC resume request message. 
Proposal 7. Specify new establishment cause value for multicast services in both RRC setup request message and RRC resume request message.
1.3 NR Broadcast MCCH configuration  

Like LTE SC-PTM, NR broadcast services can be provided per cell level. However, it is possible for operators to support same broadcast service over a group of cells in given broadcast service area. In order to provide flexibility for operator to make decision about whether to limit broadcast services to one cell or group of cells, from specification point of view it is important to support NR MCCH common per cell level or common to a group of cells and MCCH area can be same as SIB Area configuration. If NR-MCCH configuration is same over a group of cells, when UE moves from one cell to another cell, there is no need for UE to re-acquire NR-MCCH. This helps to reduce signalling overhead and helps to reduce UE power consumption as well. Whenever MCCH configuration changes, gNB can use MCCH change notification mechanism by using PDCCH scrambled with a new RNTI type. 
Proposal 8. Support area specific and cell specific NR MCCH configuration as configuration choice and as baseline MCCH area can be configured same as SIB area.
3. Conclusion

In this contribution, we discussed various  control signaling aspects of NR MBS and summary proposals are given below. 
Proposal 1.
Introduce new SIB indicating list of Multicast Services provided per frequency
Proposal 2.
During idle cell reselection, Multicast UE prioritizes frequency providing Multicast service of UE interest.
Proposal 3.
UE prioritizes frequency where Multicast service is deactivated, and frequency prioritization continues until UE does not leave Multicast session.
Proposal 4.
RAN2 to discuss and agree one of the following two options.
-
Option 1: Specify new AC as part of UAC for group paging and associated access barring parameters for randomizing UEs group paging response.
-
Option 2: Request CT1 to specify NAS based solution.
Proposal 5.
Introduce two new UAC Access Categories for UE initiated multicast access attempts belonging to normal and high priority multicast services for RAN congestion handling.
Proposal 6.
Send LS to SA1, CT1 and CC:SA2 to specify new AC for Multicast services.
Proposal 7.
Specify new establishment cause value for multicast services in both RRC setup request message and RRC resume request message.
Proposal 8.
Support area specific and cell specific NR MCCH configuration as configuration choice and as baseline MCCH area can be configured same as SIB area.
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