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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 and Broadcast services for UEs in different RRC states and how multicast and Broadcast service configuration can be provided. 
2. Discussion 

2.1 NR Broadcast and Multicast service delivery  
High level key comparison between Broadcast Vs Multicast is provided in our companion paper [3].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.

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. Atleast 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, UEs are required to establish RRC connection to join multicast service and network can release connection to move UEs into RRC_IDLE or RRC_INACTIVE state. Unlike broadcast service support in RRC_IDLE/RRC_INACTIVE state, support for multicast service in RRC_IDLE/RRC_INACTIVE is not straight forward.  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. Services which does not require high reliability requirement can be delivered by using NR Broadcast mode for UEs in both RRC_IDLE and RRC_INACTIVE states. Support of multicast services in RRC_IDLE/RRC_INACTIVE states adds significant complexity, there are both system level and RAN impacts as well. Since Rel-17 RAN WID scope is very broad and without having specific multicast service requirements or benefits, we think it is reasonable not to support R17 Multicast service reception in RRC_IDLE/RRC_INACTIVE states.    
Observation 1. 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 2. Multicast services received in RRC_IDLE and RRC_INACTIVE state does not get the advantage of reliable delivery, no loss less mobility and has significant RAN and system level impact.
Proposal 1.  R17 Multicast services are limited to RRC_CONNECTED state UEs to meet high reliability QoS service requirements.
Proposal 2.  R17 Multicast services are not supported for RRC_IDLE and RRC_INACTIVE state UEs.
2.3 How to provide Multicast service configuration

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

· PTM configuration
· SDAP

· PDCP

· RLC

· PHY/MAC

· Multicast Service list 

· Multicast QoS-PTM mapping

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

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

Proposal 3.   Multicast service configuration includes PTM/PTP configuration, Multicast service list and associated QoS parameters, 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, PTM/PTP 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 or short message options to trigger UEs to get into RRC_CONNECTED state to indicate about start of multicast data session, change of multicast service configuration, addition or removal of multicast services etc.For multicast page monitoring, RAN2 need to discuss about how UE monitor multicast PO during multicast idle DRX cycle and relation between unicast and multicast DRX cycles etc. In which geographic location, network to send multicast paging needs SA2 system level discussion.

For UEs receiving multicast services in RRC_CONNECETD state, CDRX can be optimized to meet both multicast QoS latency requirements and also to reduce UE power consumption. It is possible to have connected mode DRX configuration for multicast to be different from unicast CDRX configuration and which requires further RAN2 discussion. As part of email discussion [Post111-e][906][MBS] Idle mode support [7], some companies indicated that there may not be enough gNB capacity to support large number of RRC_CONNECTED Multicast UEs . From our view it is more of gNB soft capacity issue and it is worth to note that there is no reliability in RRC_IDLE/RRC_INACTIVE states. 
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. 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 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. 
We prefer Option 2 because it allows flexibility for idle/inactive UEs to perform idle cell reselection for service continuity and detailed configuration of MRB reception in RRC_CONNECTED state can be received through dedicated signalling.

Based on above discussion, we propose
Proposal 4.   
For Rel-17 NR Multicast service reception in RRC_CONNECTED state, all multicast MRB related configuration parameters are sent by using unicast RRC signalling and broadcast RRC signalling is used to indicate availability of different multicast services per neighbour cell per frequency level.
Proposal 5.   NR Multicast service update, configuration change, multicast data service start alert can be provided to multicast UEs in RRC_IDLE, RRC_INACTIVE state by using group paging, enhanced short message options and FFS: Multicast idle mode DRX details.

Proposal 6.   Support Multicast Connected mode DRX configuration which is independent of unicast C-DRX configuration.

2.4 NR Broadcast service reception mode 

Similar to LTE eMBMS, SC-PTM services, NR Broadcast services are expected to be broadcasted in a given broadcast service area and any UE registered with 5GC can receive broadcast service(s) while in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states. NR Broadcast services are best effort reliability services and there is no specific QoS requirement and actual broadcast QoS services requirements to be discussed in SA2. From RAN point of view, it is reasonable to assume that NR services can be received by UEs in all RRC states.
Proposal 7.   NR Broadcast service reception is supported by UEs in RRC_IDLE, RRC_INACTIVE, RRC_CONNECETD states.

One key aspect to consider is how to provide NR Broadcast service configuration and PTM configuration for UEs in all RRC states. As this topic is being discussed extensively in email discussion [Post111-e][906][MBS] Idle mode support . Similar to LTE SC-PTM design, we can reuse MCCH design as much as possible for NR broadcast as well. A new NR SIBxx (similar to LTE SIB 20) can be used to specify NR MCCH configuration, which carries NR SC-MTCH configuration. In NR, SIBs can be either broadcast or on demand and is upto network configuration choice to reduce network overhead. In similar manner, we think it is important to reduce network overhead by considering on demand NR MCCH support. Depending on whether broadcast services are delay sensitive or not, amount of overhead, UEs power impact due to periodic MCCH monitoring, it is upon operator to decide whether to broadcast MCCH all the time or support on demand MCCH transmission. 
Proposal 8.   Broadcast service configuration and PTM configuration is provided to UE by using MCCH (similar to LTE SC-PTM)

Proposal 9.   Introduce new SIBxx for providing NR MCCH configuration and NR MCCH is used to provide NR broadcast services configuration and MRB 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. 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 and 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. Detailed design for NR MCCH can be further discussed once RAN2 makes some progress.
Proposal 10. NR MCCH can be transmitted either by using Broadast mode or on-demand as network configuration choice.

Proposal 11. NR MCCH change notification can be provided by PDCCH scrambled with new RNTI and details of MCCH is FFS.

In order to support NR Broadcast service continuity in both RRC_IDLE/RRC_INACTIVE states, LTE based idle cell reselection based on broadcast service availability per frequency level can be used as baseline.
Proposal 12. In order to support NR broadcast service continuity in RRC_IDLE, RRC_INACTIVE states, as baseline support prioritization of idle cell resection by taking frequnecy level broadacst service availablity into account and FFS: broadcast service continuity based on cell level service availability. 

2.5 ROM for NR Broadcast service reception  

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.
In order to enable UEs to receive broadcast services using ROM mode, there are dependencies from overall SA2 system architecture perspective. In LTE eMBMS and SC-PTM, SA2 specified a range of TMGIs to identify ROM mode services as specified in Annex E of TS 23.246 [6]. The main idea behind using a range of specified TMGIs for supporting ROM mode of broadcast service reception is to prevent different operator UEs from receiving Broadcast services and it is upto operator to configure which TMGIs are used for which broadcast services and also ROM UEs needs to be provisioned in their USD to receive Broadcast Services using a specified frequencies, TMGI etc. ROM UEs are required to comply with these requirements to receive broadcast services from an operator network. 

Since RAN WID excludes ROM support and there are SA2/SA6 system level dependencies, R17 NR Broadcast is not required to support ROM operation.

Observation 3. Current RAN WID indicates that “No support of Free to air/receive only mode is provided in this WI” and there are SA2/SA6 dependencies to enable ROM. 
Proposal 13.   R17 NR Broadcast service reception using ROM mode is not supported.  

3. Conclusion

In this contribution, we discussed various proposals related to how to enable support for providing multicast,broadcast configuration in different RRC states.  
Observation 1.
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 2.
Multicast services received in RRC_IDLE and RRC_INACTIVE state does not get the advantage of reliable delivery, no loss less mobility and has significant RAN and system level impact.
Observation 3.
Current RAN WID indicates that “No support of Free to air/receive only mode is provided in this WI” and there are SA2/SA6 dependencies to enable ROM.


Proposal 1.
R17 Multicast services are limited to RRC_CONNECTED state UEs to meet high reliability QoS service requirements.
Proposal 2.
R17 Multicast services are not supported for RRC_IDLE and RRC_INACTIVE state UEs.
Proposal 3.
Multicast service configuration includes PTM/PTP configuration, Multicast service list and associated QoS parameters, and Multicast QoS: LCID: G-RNTI configuration.  FFS other parameters.
Proposal 4.
For Rel-17 NR Multicast service reception in RRC_CONNECTED state, all multicast MRB related configuration parameters are sent by using unicast RRC signalling and broadcast RRC signalling is used to indicate availability of different multicast services per neighbour cell per frequency level.
Proposal 5.
NR Multicast service update, configuration change, multicast data service start alert can be provided to multicast UEs in RRC_IDLE, RRC_INACTIVE state by using group paging, enhanced short message options and FFS: Multicast idle mode DRX details.
Proposal 6.
Support Multicast Connected mode DRX configuration which is independent of unicast C-DRX configuration.
Proposal 7.
NR Broadcast service reception is supported by UEs in RRC_IDLE, RRC_INACTIVE, RRC_CONNECETD states.
Proposal 8.
Broadcast service configuration and PTM configuration is provided to UE by using MCCH (similar to LTE SC-PTM)
Proposal 9.
Introduce new SIBxx for providing NR MCCH configuration and NR MCCH is used to provide NR broadcast services configuration and MRB configuration.
Proposal 10.
NR MCCH can be transmitted either by using Broadast mode or on-demand as network configuration choice.
Proposal 11.
NR MCCH change notification can be provided by PDCCH scrambled with new RNTI and details of MCCH is FFS.
Proposal 12.
In order to support NR broadcast service continuity in RRC_IDLE, RRC_INACTIVE states, as baseline support prioritization of idle cell resection by taking frequnecy level broadacst service availablity into account and FFS: broadcast service continuity based on cell level service availability.
Proposal 13.
R17 NR Broadcast service reception using ROM mode is not supported.
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