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1. Introduction 
Rel-17 NR Multicast and Broadcast Services includes following objective: 
· 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].
From RAN2#112e, below are relevant agreements.

· For Rel-17, R2 specifies two modes: 


1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)


2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).


R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 


R2 assumes that delivery mode 2 is used for broadcast sessions. 


The applicability of delivery mode 2 to multicast sessions is FFS.

· No data: When there is no data ongoing for the multicast session, the UE can stay in RRC_CONNECTED. Other cases FFS
From RAN2#113e, below are relevant agreements:

· Both idle/inactive UEs and connected mode UEs can receive MBS services transmitted by NR MBS delivery mode 2 (Broadcast service as already agreed, TBD other). The ability for connected mode UEs to receive this may depend on the network provisioning of the service (e.g. which freq), UE connected mode configuration and UE capabilities. 

· The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2.

· Assume it is possible to reuse LTE SC-PTM mechanism for the CONNECTED UEs to receive the PTM configuration for NR MBS delivery mode 2, i.e. broadcast based manner. 

· Assume that MCCH change notification mechanism is used to notify the changes of MCCH configuration due to session start for delivery mode 2 of NR MBS (other cases FFS, if any). 

· Assume that MBS Interest Indication is supported for UEs in connected mode for Broadcast service (assume that as usual there is no mandatory network requirement, network action is up to network).

· MBS Interest Indication is NOT supported for UEs in idle/inactive mode for NR MBS delivery mode 2.

· Assume that some information for purpose of service continuity can be provided for NR MBS delivery mode 2. (FFS what - need to be revisited, e.g. based on progress in other groups, e.g. USD, SAI/TMGI etc)

· FFS whether support UE awareness of MBS services on frequency basis for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

· FFS Support frequency prioritization during cell reselection for service continuity for NR MBS delivery mode 2 (i.e. Reuse LTE SC-PTM mechanism).

· P2: Whether UEs that receive Multicast can be released to RRC Inactive / Idle and continue receiving Multicast is Postponed. Should limit to RRC inactive in future discussions
In this document, we will discuss on 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 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 an RRC connection. For reliable multicast service delivery based on Multicast service QoS requirements, UEs are expected to stay in RRC_CONNECTED state. As per Rel-17 SA2 system architecture for multicast, both RAN and CN are required to maintain UE’s context. For certain multicast services which do not require high reliability, it may be possible that UEs are first expected to establish RRC connection to join multicast session, 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.
Support for reception of multicast services in RRC_INACTIVE is not straight forward like NR broadcast and some of challenges are discussed below.

For example, how 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_INACTIVE state may not support reliable service delivery, no support for PTM - PTP switching, no support for loss less mobility. Additionally, 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 do not require high reliability requirement can be delivered by using NR Broadcast mode for UEs in both RRC_IDLE and RRC_INACTIVE states. 
One of key motivations to support Multicast reception in RRC_INACTIVE state is arguably to reduce gNB congestion. However, purely from radio interface perspective, gNB congestion can be either DL or UL radio congestion. For Multicast, due to usage of group common PDCCH and PDSCH, there should not be any DL congestion issue. If there is any UL congestion due to multicast UEs’ L1/L2 feedback, that can be simply handled by disabling UL feedback as configuration choice. Any other forms of gNB congestion due to memory management, processor overload, maximum number of simultaneous connections supported etc. are dependent on implementation. In our view, such gNB overload conditions can be managed though proper design of overload control algorithms.

In order to support multicast service reception in RRC_INACTIVE state, every time RRC_INACTIVE UE does idle cell reselection, UE has to resume RRC connection to get MRB configuration using dedicated RRC signalling. This causes significant signalling overhead, high UE power consumption and defeats the purpose of keeping UE in RRC_INACTIVE for reducing RAN congestion. 

One could think of using MCCH as an alternative to provide multicast control signalling. However, to support Multicast services in RRC_CONNECTED state for high reliability services, certain aspects of MRB configuration (example: UL PUCCH resources for HARQ feedback), bandwidth part configuration etc. require dedicated RRC signalling configuration and as such MCCH will not be suitable. If MCCH is to be used for providing multicast configuration, it is not clear where to page multicast UEs for multicast activation alert, since service area concept is mainly applicable for broadcast service only.  

In our view, supporting multicast service reception in RRC_INACTIVE state requires more careful design to reduce signalling overhead after every idle cell reselection. In Rel-17, we think RAN congestion can be better handling by gNB implementation.

Observation 1. For joining multicast session and for receiving NR multicast service(s) with high reliability, UEs are expected to establish and stay in RRC_CONNECTED state.

Observation 2. Multicast services received in RRC_INACTIVE state do not get the advantage of reliable delivery, loss less mobility and has significant RAN and system level impact.
Observation 3. RRC connection resume procedure to get MRB configuration via dedicated RRC signalling after every idle cell reselection of RRC_INACTIVE state multicast UEs will cause significant signalling overhead and additional UE power consumption. 

Observation 4. RAN congestion for multicast service UEs can be handled through gNB implementation. 

Proposal 1. In Rel-17, Multicast service reception is not supported for UEs in RRC_INACTIVE state.
2.2 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 the 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 2.   Multicast service configuration includes PTM/PTP radio bearer configuration, Multicast service list, and mapping configuration for Multicast QoS: LCID: G-RNTI per MBS session.  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 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 may 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. Details about NR Multicast group paging are discussed in our companion paper [5]. 
For UEs receiving multicast services in RRC_CONNECTED state, CDRX can be optimized to meet both multicast QoS latency requirements and also to reduce UE power consumption. It is possible to have  CDRX configuration for multicast to be different from unicast CDRX configuration. This requires further RAN2 discussion. 
RAN2#112e agreement:

· No data: When there is no data ongoing for the multicast session, the UE can stay in RRC_CONNECTED. Other cases FFS
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 3.   
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 in serving cell and neighbour cell per frequency level.
Proposal 4.   Support Multicast Connected mode DRX configuration which is independent of unicast C-DRX configuration.

2.3 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 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 give different priority for unicast vs multicast 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 multicast access attempts belonging to normal and high priority multicast services for RAN congestion handling. 
When a multicast UE is accessing gNB for multicast service purpose, 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 6. Specify new establishment cause value for multicast services in both RRC setup request message and RRC resume request message.
When multicast group paging is sent for a group of UEs, all devices will try to establish RRC connection almost at the same time which can cause RAN 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.
A) 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.

B)    NAS based solution: to be discussed in CT1.

Proposal 7. 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 
· Send LS to CT1, SA1 and Cc: SA2.

2.4 NR Broadcast configuration and service continuity 

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. RAN2 already agreed to support NR broadcast service reception in all RRC states.

During RAN2#113e, for NR broadcast it was agreed to use SIB + MCCH to provide control signaling.
· The two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2.

In NR, SIBs can be either broadcast or on demand and is up to network configuration choice to reduce network overhead. In a similar manner, we think it is important to reduce network overhead by considering on demand NR MCCH support. Depending on delay sensitivity of broadcast services, amount of overhead, UE’s power impact due to periodic MCCH monitoring, it is up to the network to decide whether to broadcast MCCH all the time or support on demand MCCH transmission. 
Proposal 8. NR MCCH can be transmitted either by using Broadcast mode or on-demand as network configuration choice.

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. 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 9. Support area specific and cell specific NR MCCH configuration as configuration choice.
In order to support multiple broadcast services with different service requirements, it is beneficial to group different broadcast services of similar latency requirements into different categories. Different group of broadcast services control signalling can be delivered by using different MCCH.
Proposal 10. Support multiple NR MCCH for different broadcast services having different latency requirements.

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 11. For NR broadcast service continuity in RRC_IDLE, RRC_INACTIVE states, as baseline support prioritization of idle cell resection by taking frequency level broadcast service availability into account. 

3. Conclusion

In this contribution, we discussed various proposals related to enabling support for providing multicast, broadcast configuration in different RRC states and UAC enhancements for multicast congestion handling.  
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_INACTIVE state does not get the advantage of reliable delivery, no loss less mobility and has significant RAN and system level impact.
Observation 3.
RRC connection resume procedure to get MRB configuration via dedicated RRC signalling after every idle cell reselection of RRC_INACTIVE state multicast UEs will cause significant signalling overhead and additional UE power consumption.
Observation 4.
RAN congestion for multicast service UEs can be handled through gNB implementation based overload control methods.


Proposal 1.
In Rel-17, Multicast service reception is not supported for RRC_INACTIVE state UEs.
Proposal 2.
Multicast service configuration includes PTM/PTP radio bearer configuration, Multicast service list,, and Multicast QoS: LCID: G-RNTI configuration per MBS session.  FFS other parameters.
Proposal 3.
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 in serving cell and neighbour cell per frequency level.
Proposal 4.
Support Multicast Connected mode DRX configuration which is independent of unicast C-DRX configuration.
Proposal 5.
Introduce two new UAC Access Categories for multicast access attempts belonging to normal and high priority multicast services for RAN congestion handling.
Proposal 6.
Specify new establishment cause value for multicast services in both RRC setup request message and RRC resume request message.
Proposal 7.
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: CT1 to specify NAS based solution
-
Send LS to CT1, SA1 and Cc: SA2.
Proposal 8.
NR MCCH can be transmitted either by using Broadast mode or on-demand as network configuration choice.
Proposal 9.
Support NR MCCH configuration as area specific and cell specific as configuration choice.
Proposal 10.
Support multiple NR MCCH for different broadcast services having different latency requirements.
Proposal 11.
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.
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