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 Introduction

In this paper, we will analyze potential issues about supporting multicast for UEs in RRC_INACTIVE. Basically we advocate design principle for future features to be supported and inter WG impacts.
 Service requirement
Open issues for Rel-18 MBS includes resource efficiency and capacity as follows: supporting multicast for UEs in RRC_INACTIVE can improve power efficiency; while another goal mentioned in Rel-18 MBS WID is to mitigate the congestion in cells due to a large number of UEs kept in RRC_CONNECTED state[1].
Given that Rel-17 MBS already provide the basic function to support MBS services, the general main goal for Rel-18 should be to enable better deployment of MBS, such as improvement of resource efficiency and capacity based on Rel-17 MBS.

In Rel-17, RAN only specifies multicast for UEs in RRC_CONNECTED state, which may not fully fulfil the requirements of, e.g., Mission Critical Services, especially for cells with a large number of UEs according to TR 23.774. Also, to always keep UEs in RRC_CONNECTED state is not power efficient. It is ‎therefore important to support multicast for UEs in RRC_INACTIVE. 

Supporting multicast for UEs in RRC_INACTIVE aims to improve UE power efficiency and scalability for network providing the multicast service. 
Prioritize scalability in multicast reception for UE in RRC_INACTIVE in RAN3 design.
 Multicast reception area
For RRC_INAVTIVE UE with multicast reception UE mobility might frequently trigger RRC resume in following events:

There is no multicast which UE is receiving in the re-selected cell.

UE cannot obtain configuration about multicast reception in the re-selected cell, e.g, the configuration will only be delivered to UE by dedicated signaling.
If large number of RRC_INAVTIVE UEs trigger RRC Resume at the same time, this brings challenges to the scalability of the network. 

RRC resume may be triggered frequently due to multicast receiving UEs' mobility in RRC_INACTIVE, which deteriorates network scalability.
If UE is able to continue to receive the multicast session data in RRC_INACTIVE, i.e., without RRC state transitioning, the frequency of RRC resume will be greatly reduced. We call the area that allows such service continuity multicast reception area. It might be characterized as below:

This multicast reception area may contain multiple cells. 

The multicast(s) that RRC_INACTIVE UEs are interested in receiving are transmitted in this area. 

The configuration of multicast(s) also can be obtained by UEs in RRC_INACTIVE. 

The benefits of introducing multicast reception areas may include: Improved network scalability, reduction of network congestion, and better service of continuity of multicast reception. 

Multicast reception area can reduce the possibility of RRC resume for UEs in RRC_INACTIVE.

Multicast reception area can improve the network scalability and the continuity of multicast reception.
Introduce multicast reception area for UEs in RRC_INACTIVE, and in such area UE is able to continue the multicast reception without RRC state transitioning.

The next question would be how to define such area, or how broad such area can be configured. If we can have a look at the SA2 discussion on the area, currently SA2 has the following two alternatives regarding the mobility within RNA:

a) UE triggers the NG-RAN node to establish the shared tunnel within the RNA other than the anchor NG-RAN node, when UE moves to the new NG-RAN node and cannot receive multicast MBS data. 

b) Anchor NG-RAN node triggers the neighbour NG-RAN nodes (within RNA) to establish the shared tunnel, upon sending the UE to RRC_INACTIVE state. 

For option b) it violates Rel-17 architecture that the multicast distribution tree follows where the UE's connected gNB. Also how to coordinate multiple gNBs to deliver the multicast session is still an issues without no clear answer. 
It brings huge spec impacts to support cross gNB mobility in RRC_INACTIVE while 5GC is only aware of the gNB level reachability of the UE.

While if we can limit the multicast reception area to one gNB, it can dynamically allocate the cell resources to setup such an multicast reception area, achieving a balance the spec impacts and also signaling overhead reduction.

Limit the multicast reception area inside one gNB.
 PTM configuration reception/update
Firstly we discuss the impacts to RAN3 about the configuration of multicast reception for UEs in RRC_INACTIVE. In Rel-17, there are two kinds of delivery modes of configuration for MBS service(s).

Mode 1 (dedicated RRC delivery method): delivered by dedicated signaling, such as RRC Reconfiguration

Mode 2 (MCCH delivery method): delivered by broadcast signaling, such as MCCH
Mode 1 is used for multicast reception only when UEs in RRC_CONNECTED, and Mode 2 is used for broadcast reception regardless of the RRC state of UEs. Different configuration delivery method will affect the behavior of the gNB F1 interface, for example,
For Mode 1 (dedicated RRC delivery method), gNB behaviors may include:

gNB-CU triggers to provide PTM configuration to UEs which are about to transition to the RRC_INACTIVE state by dedicated signaling. gNB-CU also informs UEs through dedicated signaling that the PTM configuration is used to receive multicast(s) in RRC_INACTIVE.

gNB-DU somehow needs to allocate resources for not one specific UE, which is current not defined for multicast scheduling.
For Mode 1 (dedicated RRC delivery method), gNB-CU provides the PTM configuration to RRC_CONNECTED UE by dedicated signaling, which is used for multicast reception in RRC_INACTIVE state, which however is not supported by current F1AP.
For Mode 2 (MCCH delivery method), gNB behaviors may include:

gNB-CU triggers to provide PTM configuration about multicast(s) transmitted for UEs in RRC_INACTIVE.
gNB-DU delivers PTM configuration for UEs in RRC_INACTIVE by MCCH. if needed the configuration might be delivered to UE through dedicated signaling, which is not supported either.
For Mode 2 (MCCH delivery method), gNB-DU provides PTM configuration for UEs in RRC_INACTIVE by MCCH.
Different configuration delivery method will affect the behavior of the gNB F1 interface.
RAN3 needs to wait for RAN2 agreements on configuration delivery method for UEs in RRC_INACTIVE.
  Conclusion
Based on the analysis provided above, we have the following observations:

Supporting multicast for UEs in RRC_INACTIVE aims to improve UE power efficiency and scalability for network providing the multicast service. 
RRC resume may be triggered frequently due to multicast receiving UEs' mobility in RRC_INACTIVE, which deteriorates network scalability.
Multicast reception area can reduce the possibility of RRC resume for UEs in RRC_INACTIVE.

Multicast reception area can improve the network scalability and the continuity of multicast reception.
It brings huge spec impacts to support cross gNB mobility in RRC_INACTIVE while 5GC is only aware of the gNB level reachability of the UE.

For Mode 1 (dedicated RRC delivery method), gNB-CU provides the PTM configuration to RRC_CONNECTED UE by dedicated signaling, which is used for multicast reception in RRC_INACTIVE state, which however is not supported by current F1AP.
For Mode 2 (MCCH delivery method), gNB-DU provides PTM configuration for UEs in RRC_INACTIVE by MCCH.
Different configuration delivery method will affect the behavior of the gNB F1 interface.
Based on the analysis provided above, we have the following proposals:

Prioritize scalability in multicast reception for UE in RRC_INACTIVE in RAN3 design.
Introduce multicast reception area for UEs in RRC_INACTIVE, and in such area UE is able to continue the multicast reception without RRC state transitioning.

Limit the multicast reception area inside one gNB.
RAN3 needs to wait for RAN2 agreements on configuration delivery method for UEs in RRC_INACTIVE.
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