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1. Introduction 
R17 NR Multicast and Broadcast Services includes following set of objectives: 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

·     Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.

·     Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
·     Specify support for basic mobility with service continuity [RAN2, RAN3]
·     Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
·      Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]

·     Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:

·     Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
In this document, we will discuss our views about how to support NR multicast services for UEs in different RRC states and how multicast service configuration can be provided. 
2. Discussion 

2.1 NR Broadcast and Multicast service delivery support 
Multicast services can be delivered to UEs, which joins multicast session either through NAS based session management or IGMP method (SA2 is still discussing which method to be used for Multicast session joining procedure). Broadcast services will be broadcasted to all UEs within a broadcast service area and any UE with service area can receive broadcast service(s) based on UE interest and UEs can received broadcast services either by using Receive Only Mode (ROM) or Non-ROM mode.

Based on on-going SA2 discussions, from TR 23.757 [2], for Key Issue#5 : Support of Broadcast TV Video and Radio communication services, following note is captured 

This key issue aims at addressing:

-
E-UTRA of NG-RAN based support of broadcast TV, video and radio communication;

-
Allow Video/TV/Radio broadcast communication services to devices with no MNO subscription (e.g., "Free to air TV").

A solution to this key issue shall provide means for MNO to enable this service based on policy.

A solution for this key issue shall provide:

-
Support of Free-to-Air service via Receive Only Mode device support.

-
Support of Shared MBS functionality to allow dedicated MBS network.

-
Exposure of MBS service and transport (similar to support of xMB external reference point).

NOTE:
This key issue is not addressed within the Rel-17 timeframe.
From above note, it is clear that SA2 Rel-17 system architecture does not support broadcast service delivery and broadcast reception via ROM mode, while only multicast service delivery will be supported.

Observation 1. SA2 Rel-17 system architecture does not support broadcast service delivery. Only multicast service delivery will be supported.

RAN WID [1], specifies that 

“No support of Free to air/receive only mode is provided in this WI”.
Any design decisions taken for this WI in Release 17 shall not prevent introducing the following features in future Releases:

· Standardised support of SFN over multiple cells above gNB-DU level;

· Support of Free to air/receive only mode

· Resource allocation up to 100% to Broadcast/Multicast service.

Note: collaboration with SA2 is expected in due course.
Observation 2. Current RAN WID indicates that “No support of Free to air/receive only mode is provided in this WI” and only Multicast Service delivery will be supported.
However, there were some discussions in RAN#88e about possibility of supporting ROM based service reception and it is not clear what the outcome will be in next RAN#89e meeting.
2.2 RRC states for delivering NR Multicast service(s)

One key aspect to consider is how to deliver NR multicast services for UEs interested to receive Multicast services.

In order to receive NR multicast service(s), UE has to join multicast session, which requires UE to establish RRC connection. For reliable multicast service delivery based on Multicast QoS requirements, basic requirement is UEs are expected to stay in RRC_CONNECTED state. For certain multicast services which do not require high reliability, it is possible that UEs are first expected to establish RRC connection to join multicast session and network may start delivering multicast service(s) while in RRC_CONNECTED state and subsequently if UEs transition to RRC_INACTIVE state through RRC release signalling procedure, the UEs may continue to receive multicast services without any feedback. Note that for RRC_IDLE state UEs, both RAN and CN does not keep any UE context while for RRC_INACTIVE UEs, both RAN and CN will maintain UEs context. Therefore RRC_INACTIVE state seems more appropriate than RRC_IDLE state for multicast service delivery (other than in CONNECTED state). 
In order to support Multicast service reception while UEs are in RRC_IDLE and RRC_INACTIVE state without requiring UEs to establish RRC Connection to join multicast session may have some SA2 architecture dependency as well. For example, how RRC_IDLE and RRC_INACTIVE UEs will get multicast service configuration, how network will notify about multicast service availability, multicast service area configuration etc. From RAN perspective, multicast service reception in RRC_IDLE, RRC_INACTIVE state does not support reliability service delivery, no support for PTM vs PTP switching, no support for loss less mobility and when UE does idle cell reselection if service configuration is provided in dedicated RRC signalling then UE may have to establish RRC connection to get multicast service configuration which is not efficient. Therefore, for the time being it should be FFS whether to support RRC_INACTIVE state for receiving Rel-17 NR Multicast services.
Observation 3. For joining multicast session and for receiving NR multicast service(s) with high reliability, UE are expected to establish and stay in RRC_CONNECTED state.

Observation 4. Multicast services received in RRC_IDLE and RRC_INACTIVE state does not get the advantage of reliable delivery, no loss less mobility and has SA2 architecture dependency as well.
Proposal 1.   UEs are required to establish RRC Connection to receive R17 NR Multicast services. 
2.3 How to provide Multicast service configuration

Another key aspect, which requires RAN2 discussion, is how to provide MRB configuration and Multicast service configuration for UEs. 
Following is a high level list of multicast service configuration parameters:

· MRB configuration
· SDAP

· PDCP

· RLC

· PHY/MAC

· Multicast Service list 

· Multicast QoS-MRB mapping

· DRB-MRB mapping

· Multicast QoS: LCID: G-RNTI mapping configuration etc.

Note: above list may need to be updated as RAN2 work progresses.

Proposal 2.   Multicast service configuration includes MRB configuration, Multicast service list and associated QoS parameters, MRB-DRB association configuration and Multicast QoS: LCID: G-RNTI configuration.  FFS other parameters.
It may be possible that some of Multicast service configuration and Multicast QoS configuration information may be configured to UEs through NAS based session management signalling procedures depending on SA2 and CT1 discussion.
From RAN perspective, MRB 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, MCCH like channel) 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 may use group paging to trigger UEs to transition into RRC_CONNECTED state to start receiving Multicast Service(s) using MRB or DRB based on gNB configured radio bearer. Whether paging can be used or not depends on outcome of SA2  system architecture discussion (we assume that SA2 may finalize system architecture by November-2020 meeting). This assumes that Multicast service(s) can only be delivered to UEs while in RRC_CONNECTED state or optionally can continue to receive multicast services without any feedback after transitioning to RRC_INACTIVE. One issue with the approach of UE receiving multicast services in RRC_INACTIVE state is how to provide updated MRB or DRB configuration when UE goes to other cells through idle cell reselection procedure. This may require UE to resume RRC connection after Idle Cell reselection to get target cell MRB/DRB configuration. This causes additional signalling and defeats the purpose of UE transition into RRC_INACTIVE state while receiving multicast services for UE power saving. Alternatively, it is possible to use RRC_CONNECTED state CDRX to reduce UE power consumption.
For Option 2, some of the common multicast service configuration (example: BWP/CORESET/SS configuration for PDCCH monitoring etc.) can be delivered to UEs using broadcast RRC signalling and any UE specific MRB configuration (example: L1 HARQ configuration, L2 configuration etc.) can be provided to UEs through dedicated RRC signalling. However, which parameter to be provided in broadcast RRC signalling vs unicast dedicated RRC signalling also depends on ongoing SA2 and RAN1 discussions.  This option assumes that multicast services can be delivered to UEs while in RRC_CONNECTED state with UL feedback for reliable service delivery. As discussed in option 1, it may be possible to use RRC_INACTIVE state for receiving Multicast services but have same concerns as described above.
Considering above options, we think Option 1 can be baseline mechanism and Option 2 can also be considered for RAN2 discussion. 

Based on above discussion, we propose
Proposal 3. For Rel-17 NR Multicast service reception in RRC_CONNECTED state, RAN2 to discuss following options for providing multicast service configuration:  
· Option 1: As baseline all configuration parameters are sent over unicast RRC signalling.

· Option 2: Some of the parameters are provided in unicast RRC signalling and some of the configuration parameters by means of broadcast RRC signalling. 
Proposal 4.   FFS: How multicast services can be delivered to UEs in RRC_IDLE and RRC_INACTIVE and how to provide multicast service configuration based on SA2 system architecture discussion outcome. 
3. Conclusion

In this contribution, we discussed various proposals related to how to enable support for providing multicast configuration in different RRC states.  
Observation 1.
SA2 Rel-17 system architecture does not support broadcast service delivery. Only multicast service delivery will be supported.
Observation 2.
Current RAN WID indicates that “No support of Free to air/receive only mode is provided in this WI” and only Multicast Service delivery will be supported.
Observation 3.
For joining multicast session and for receiving NR multicast service(s) with high reliability, UE are expected to establish and stay in RRC_CONNECTED state.
Observation 4.
Multicast services received in RRC_IDLE and RRC_INACTIVE state does not get the advantage of reliable delivery, no loss less mobility and has SA2 architecture dependency as well.


Proposal 1.
UEs are required to establish RRC Connection to receive R17 NR Multicast services.
Proposal 2.
Multicast service configuration includes MRB configuration, Multicast service list and associated QoS parameters, MRB-DRB association configuration and Multicast QoS: LCID: G-RNTI configuration.  FFS other parameters.
Proposal 3.
For Rel-17 NR Multicast service reception in RRC_CONNECTED state, RAN2 to discuss following options for providing multicast service configuration:
-
Option 1: As baseline all configuration parameters are sent over unicast RRC signalling.
-
Option 2: Some of the parameters are provided in unicast RRC signalling and some of the configuration parameters by means of broadcast RRC signalling.
Proposal 4.
FFS: How multicast services can be delivered to UEs in RRC_IDLE and RRC_INACTIVE and how to provide multicast service configuration based on SA2 system architecture discussion outcome.
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