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 Introduction

In this paper, we will discuss several issues for multicast reception in RRC_INACTIVE based on agreements of SA2/RAN2 and latest progress in RAN3, including:

section 2, how to interpret the indication from CN to RAN,
section 3, network awareness of the distribution of UEs receiving multicast in RRC_INACTIVE, 
section 4, F1 impact of multicast reception in RRC_INACTIVE based on the progress of RAN2.
 Assistant information from 5GC
In the RAN3#119 meeting, discussion about assistant information from 5GC resulted in following agreements and todo:

	Support a per UE per MBS session indication from CN to RAN.
It is FFS which interpretation on the indication from CN to RAN should be adopted in RAN3:
Interpretation 1: UE is preferred to be kept in RRC connected when receiving the related MBS session data.
Interpretation 2: The IE indicates that the UE requires preferential treatment within the multicast group, guaranteeing steady and prompt provision of system resources for data transmission and reception. 


It can be seen that the assistant information per UE per MBS session from 5GC to RAN is supported, but how to interpret such indication in RAN3 is still FFS. It should be quite straightforward to look for the root cause of this IE from SA2 agreements. 

Firstly the function of this indication is to inform network of the preferred RRC state of the UE based on the traffic pattern [TR 23.700-47 v18.0.0].
	-
For MBS session level assistance information:

-
The existing MBS session QoS parameters (e.g. ARP, 5QI) can be used as the MBS session level assistance information by NG-RAN to differentiate different MBS sessions.

-
For UE level MBS assistance information:

-
The UE level MBS assistance information is an optional new parameter and set per MBS session. It is indicated by the AF to inform the network whether from the expected traffic pattern of the UE the indicated UE is preferred to be kept in the RRC Connected state even if it is able according to its radio capabilities to receive the MBS session data in RRC_INACTIVE state, e.g. a frequent talker.


Also in the same documents, SA2 clarified that the indication is used to help NG-RAN but not to replace NG-RAN to decide UE's RRC state.

	-
NG-RAN use the MBS session level and UE level MBS assistance information as help for the decisions on whether to enable delivery for reception in RRC_INACTIVE state for an MBS session and/or on which UEs to keep in RRC_CONNECTED or. RRC_INACTIVE state. How NG-RAN performs those decisions is up to NG-RAN implementation.


The assistant information from 5GC is only to help gNB make better scheduling decision, and whether UE is kept in RRC_CONNECTED state or not (as part of the scheduling result) is up to gNB implementation.
Secondly we can refer to the interpretation of other assistant information IE from core network in the existing spec, e.g., Expected UE Behaviour in Core Network Assistance Information for RRC INACTIVE IE (This IE provides assistance information for RRC_INACTIVE configuration), the interpretation of Expected UE Behaviour IE is as follows.

	This IE indicates the behaviour of a UE with predictable activity and/or mobility behaviour, to assist the NG-RAN node in e.g. determining the optimum RRC connection time or helping with the RRC_INACTIVE state transition and RNA configuration (e.g. size and shape of the RNA).


Also in the procedural text of, it says (take PSRA for example) which validates our previous observation:
	If the Core Network Assistance Information for RRC INACTIVE IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision and RNA configuration for the UE and RAN paging if any for a UE in RRC_INACTIVE state, as specified in TS 38.300 [8]


In previous NGAP interactions, 5GC transfers assistant information to help gNB make scheduling decisions on UE's RRC state (e.g., Core Network Assistance Information for RRC INACTIVE IE).

This is also the understanding of most of the companies, that gNB makes the final decision, during non-official offline discussions. We suggest considering the following two possible options to describe this IE in semantic description like (that complies with existing spec, SA2 guidance and RAN's implementation flexibility):

This IE indicates that the UE requires preferential treatment within the multicast group, guaranteeing steady and prompt provision of system resources for data transmission and reception; it is up to NG-RAN implementation to decide whether or not to release UE to RRC_INACTIVE. For example, NG-RAN node may understand the UE is preferred to be kept in RRC connected when receiving the related MBS session data.

or we we leave the semantic description of this IE absent, while only describing the NG-RAN node behaviour in the procedure text like: If a XXX IE is contained in the XXX message, the NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision, e.g., whether to send a UE to RRC_INACTIVE state for multicast reception.

We have the following recommendation on the IE:

RAN3 to discussion which option to take,
option 1. The IE indicates that the UE requires preferential treatment within the multicast group, guaranteeing steady and prompt provision of system resources for data transmission and reception; it is up to NG-RAN implementation to decide whether or not to release UE to RRC_INACTIVE. For example, NG-RAN node may understand the UE is preferred to be kept in RRC connected when receiving the related MBS session data.
option 2. Leave the semantic description of this IE absent, while describing the NG-RAN node behaviour in the procedure text like: If a XXX IE is contained in the XXX message, the NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision, e.g., whether to send a UE to RRC_INACTIVE state for multicast reception.

 Network awareness of UE distribution
In RAN3#118 meeting, whether network should be aware of the distribution of UEs receiving multicast in RRC_INACTIVE or not was discussed without any agreements. Two options had been discussed:

Option 1: it is OK for gNB not aware of the distribution of RRC_INACTIVE UEs.
Option 2: enhancement is needed to help gNB be aware of the distribution of RRC_INACTIVE UEs.
For option 1, gNB always keep PTM delivery for UE in RRC_INACTIVE since the first UE transitions to RRC_INACTIVE to receive multicast. Due to the fact that RRC_INACTIVE UEs may move to other cells, this method may cause the waste of PTM transmission resources as claimed by some companies. But considering the cell is congested, it is assumed that for each congested cell, there are already a lot of UE being receiving the multicast service in RRC_INACTIVE. This is already a balance between the congestion control and service delivery in large scale. Just look at the Broadcast method introduced in Rel-17 which is to broadcast the service to whatever RRC state in an area despite of UE's distribution. In the case of multicast reception of UE in RRC_INACTIVE, the first priority shall be the scalability in case of network congestion, PTM transmission resources that are pre-configured shall be allowed.

Introducing multicast reception in RRC_INACTIVE is a good balance between the congestion control and service delivery in large scale.
For option 2, any enhancement might be an overkill, e.g., we did not introduce counting for Rel-17 Broadcast in the first place. Moreover, existing mechanism may help too. A possible method is that gNB estimates the distribution of UEs receiving multicast in RRC_INACTIVE by strategically paging some of RRC_INACTIVE UEs receiving multicast by legacy paging or group paging which is able to selectively paging sub-group of the UE by carefully selecting the POs. By this way, gNB can roughly estimate how many RRC_INACTIVE UEs receiving multicast move in and out of the cells. 

Also, network is always able to limit the multicast region dynamically based on which cells are congested and how congested it is, by reducing/expanding the cell numbers.
gNB can estimate the distribution of UEs receiving multicast in RRC_INACTIVE by strategically paging some of RRC_INACTIVE UEs receiving multicast.
gNB can dynamically allocate the resources (number of cells transmitting multicast for UEs in RRC_INACTIVE) based on the congestion level.
No enhancement is needed to enable network to be aware of the distribution of UEs receiving multicast in RRC_INACTIVE.
 F1 impact of multicast reception in RRC_INACTIVE
In RAN2#120 Toulouse meeting, there is an agreement about the delivery method of PTM configuration in RRC_INACTIVE as follows:

	=>MCCH is used in case there is a need to indicate a PTM configuration in case there is a need for change in PTM config or during mobility beyond serving cell / gNB. FFS session status change and other indications. 


MCCH is used to deliver the updated PTM configuration for multicast reception in RRC_INACTIVE. 

Please be aware that in Rel-18, there are always RRC_CONNECTED UEs and RRC_INACTIVE UEs receiving the same multicast session at the same time, so for the same multicast, the PTM configuration will be delivered by RRC message and MCCH message. 

For the same multicast, the updated PTM configuration will be delivered by RRC message and MCCH message, for at least UE in RRC_CONNECTED and UE in RRC_INACTIVE, respectively.
In RAN2#121 Athens meeting, there are several agreements about the configuration of MCCH for multicast reception in RRC_INACTIVE.

=>We introduce a new MCCH logical channel for multicast in INACTIVE (different from broadcast MCCH)

=>Multicast MCCH configuration is provided via new SIB. 

A new MCCH logical channel and a new SIB are introduced for multicast reception in RRC_INACTIVE.
 Interaction between gNB-CU and gNB-DU
How the gNB-CU interacts with gNB-DU to enable multicast reception in RRC_INACTIVE needs to be discussed. There are two options:
Option 1: Enhancing multicast related procedure.
Option 2: Reusing the broadcast related procedure.
For Option 1, gNB-DU will generate and broadcast the PTM configuration for UE in RRC_INACTIVE by means of multicast MCCH. For option 2, gNB-DU receives the same session context (such as same session ID and maybe same MRB config) in multicast related procedure and broadcast related procedure, gNB-DU then generates and provides the updated PTM configuration of the multicast by means of multicast MCCH. 

Further for option 2, gNB-DU may need to complete the following operations:

gNB-DU needs to distinguish whether the contexts received by the two processes are related or not 

gNB-DU then decides whether these two associated contexts need to be managed separately or merged. If they are merged, in case the gNB-CU sends different commands from two processes, gNB thinks about how to deal with it.

Compare with Option 1, the same multicast context (such as MRB configuration/QoS configuration) will be transferred twice in different procedures. It is unnecessary and it may complicate the context management at gNB-DU.
Reusing the broadcast related procedure will cause unnecessary context duplicated transfer and complicated context management at gNB-DU.
gNB-CU interacts with gNB-DU about multicast reception in RRC_INACTIVE by enhancing multicast related procedure.
There are two types of F1 signaling are included in multicast related procedure, which F1 signaling to be used to interact with gNB-DU needs to be discussed. 
Session-associated F1 signaling, such as MULTICAST CONTEXT SETUP REQUEST/MULTICAST CONTEXT MODIFICATION REQUEST

UE-associated F1 signaling, such as UE CONTEXT SETUP REQUEST/UE CONTEXT MODIFICATION REQUEST
The configuration delivered in MCCH is session related, therefore it may be hard to choose which UE is suitable to carry this indication. In this sense, it is more suitable to choose session-related F1 signaling.
The configuration delivered in MCCH is session associated .
In multicast associated procedure, there are two possible F1 signaling, i.e.,

MULTICAST CONTEXT SETUP REQUEST: to establish an MBS Session context in the gNB-DU for a multicast session.
MULTICAST CONTEXT MODIFICATION REQUEST: to modify an established MBS session context in the gNB-DU for a multicast session.
The solution shall be able to deal with at least the following two different scenarios:

Scenario 1: In a congested cell, the first UE just joined the multicast session which can be received in RRC_INACTIVE.

Scenario 2: Transmitting multicast sessions are allowed to be received in RRC_INACTIVE when the cell becomes congested.
For above both scenarios, MULTICAST CONTEXT SETUP REQUEST and MULTICAST CONTEXT MODIFICATION REQUEST are needed

Enhance MULTICAST CONTEXT SETUP REQUEST/MULTICAST CONTEXT MODIFICATION REQUEST to enable multicast reception in RRC_INACTIVE.

 Impact of session state on gNB-DU
In Rel-17, gNB-CU CU will only notify gNB-DU of multicast context changes (such as multicast context setup/modification/release), but not session state. But in Rel-18, gNB-DU will deliver PTM configuration for multicast via a multicast MCCH, and the configuration for inactive session may be removed/modified from MCCH. Whether gNB-CU needs to notify gNB-DU of multicast session status changes needs to be discussed.
The configuration for inactive session may be removed/modified from MCCH.
In order to modify the PTM configuration in MCCH when the session is deactivated, Two possible options can be discussed.

Option 1: gNB-CU notifies gNB-DU the session state when session state changes.

Option 2: gNB-CU only setup/modify/release multicast contexts in gNB-DU, like Rel-17.
For Option 1, it seems that multicast context at gNB-DU does not need to be modified frequently at gNB-DU when session status change, and DU’s behavior becomes more flexible. But the modification of spec and complicated context management will be introduced at the same time. 

For Option 2, the gNB-CU does not inform the gNB-DU about the multicast session state change, but follows the procedure of Rel-17, guides the behavior of the gNB-DU through the modification/release of the session context. There is no spec modification and DU’s behavior will be more easier.

In order to minimize the impact on the spec and simplify the behavior of gNB-DU, RAN3 to follow the procedure of Rel-17 (e.g., multicast context modification/release procedure) without notifying gNB-DU the session states.
 Conclusion
We have the following recommendations:

RAN3 to discussion which option to take,
option 1. The IE indicates that the UE requires preferential treatment within the multicast group, guaranteeing steady and prompt provision of system resources for data transmission and reception; it is up to NG-RAN implementation to decide whether or not to release UE to RRC_INACTIVE. For example, NG-RAN node may understand the UE is preferred to be kept in RRC connected when receiving the related MBS session data.
option 2. Leave the semantic description of this IE absent, while describing the NG-RAN node behaviour in the procedure text like: If a XXX IE is contained in the XXX message, the NG-RAN node shall, if supported, store this information in the UE context and use it for the RRC_INACTIVE state decision, e.g., whether to send a UE to RRC_INACTIVE state for multicast reception.

No enhancement is needed to enable network to be aware of the distribution of UEs receiving multicast in RRC_INACTIVE.
gNB-CU interacts with gNB-DU about multicast reception in RRC_INACTIVE by enhancing multicast related procedure.

Enhance MULTICAST CONTEXT SETUP REQUEST/MULTICAST CONTEXT MODIFICATION REQUEST to enable multicast reception in RRC_INACTIVE.

In order to minimize the impact on the spec and simplify the behavior of gNB-DU, RAN3 to follow the procedure of Rel-17 (e.g., multicast context modification/release procedure) without notifying gNB-DU the session states.
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