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 Introduction

In this paper, we will analyze potential issues about supporting multicast for UEs in RRC_INACTIVE.
 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.
 Additional information from 5GC
In the last meeting [2], regarding the selection of multicast which can be received by RRC_INACTIVE UE, there was a discussion about the information which should be considered by gNB. The agreements are as follows:

	It is the common understanding that the following information, among others, may be taken into account by the gnb when deciding to enable ues receiving multicast in rrc_inactive state: 
a) the capability of ue (of whether support the mode “multicast over rrc inactive”);
b) the rel-17 multicast context, e.g. the qos parameters not associated to any specific ue;
c) parameters available at the local gnb without enhancement on interfaces, e.g. cell load.
Whether and which additional information (e.g. per MBS session level assistant information from 5GC, per-UE preference on multicast over RRC_INACTIVE) is needed by the gNB is FFS


Whether and which additional information to enable RRC_INACTIVE multicast reception is needed for the gNB is FFS.
There are some suggested solutions provided by SA2, which are about the additional information from 5GC for multicast reception by RRC_INACTIVE UE. The suggested info includes AS recommendation, per UE priority, and other "assistance information" etc.
	SA2 understands that it is NG-RAN decision on how to deliver MBS data to the UEs and whether to transition UEs receiving MBS data in an MBS session to RRC Inactive state.

SA2 is discussing whether AFs can recommend not to enable the function in NG-RAN for inactive reception for MBS sessions which are particularly sensitive for packet loss. Further, SA2 is discussing solutions where some UEs might not be suitable to be sent to RRC Inactive state (e.g., priority users in a multicast group).

SA2 is also discussing "assistance information" that can be provided by the core network (possibly based on input from the AF) to assist NG-RAN in those decisions.


RAN WGs including RAN3 shall be evaluating such proposed solutions, and formulate our views / LS back to SA2. The additional information from SA2 can be summarized as per MBS session or per UE level.
 Per MBS Session level info

There are following options (not mutually-exclusive):
QoS information of multicast, such as PER/ARP

Multicast session priority
Indication information per session to allow RRC_INACTIVE reception
# QoS info
QoS information might be the most relevant factor to decide whether multicast can be received in RRC_INACTIVE. 
In SA2 LS [3] to RAN, Q1 is all about QoS:

	Q1: SA2 would also like to understand:

a)If there are significant differences in the quality and reliability of the reception of MBS data between UEs in RRC Connected state and UEs in RRC Inactive state

b)If it is possible, as part of the same MBS session, to have some UEs receiving in RRC Connected state, while other UEs receiving in RRC Inactive state

c)If the answer to b) is yes, will a UE incur MBS data loss while transitioning (under NG-RAN control) between RRC Connected state and RRC Inactive state in the middle of MBS data session? If yes, how long can the reception outage be?

d)Whether the existing QoS parameters of MBS QoS Flow(s) are enough or some additional parameter is needed for NG-RAN to differentiate different MBS session and UE, which can be used by NG-RAN to decide how to deliver the MBS data.


Current QoS information of multicast provided from 5GC to gNB should be enough for network to make the right scheduling decision. 

Current QoS framework shall be applied, no new QoS info needed.
Rel-18 WID NR MBS shall be able to provide multicast services to a large number of UEs, if network is congested, network either release the service or provide the service in a compromised way. However in some cases such as mission critical or public safety services, a compromised QoS might be the optimal solution compared to no service at all. 

In case of mission critical services in network congestion scenarios, compromised QoS can be better than no service at all.

Such compromise can be reflected either on lower QoS or releasing some of the UEs. Releasing part of the UEs can be a network implementation (e.g., part of the UEs' connection or audio/video/data transmission dropped, while UE is configured with a wait time to reconnect at AS layer), which brings deterioration in user experience. On the other hand, lower QoS or compromised QoS needs standardized support.
From service layer perspective, such compromised service should be allowed or enabled. Alternative QoS is a framework that can be adopted from legacy QoS modeling. Service layer (e.g.. application function can be notified.
For either case, whether UE maintained in RRC_CONNECTED or released to RRC_INACTIVE, UE receives the multicast service with the compromised QoS or alternative QoS.
Reusing the alternative QoS profile and QoS notification framework could facilitate network to continue the service during RAN resource congestion.
Reuse alternative QoS profile and QoS notification framework for Rel-18 NR MBS at least for multicast session.

# Multicast session priority

The multicast session priority defines the relative importance of an MBS session [4], but the current QoS priority level provided from 5GC to gNB also can used to represent the MBS session priority level, such as ARP. That is, the ARP per flow info shall be enough for RAN to deduce the priority of the session.
For the multicast reception in RRC_INACTIVE, there is no need to provide multicast session priority from 5GC, the current QoS priority level provided from 5GC to gNB can used to represent the MBS session priority level.

# Indication information per session to allow RRC_INACTIVE reception

Again, whether UE can be receiving the multicast service shall be a decision based on the QoS info itself and other AS layer info. Adding an explicit decision makes above info obsolete.

QoS info is enough for RAN to make scheduling decision, e.g., enable multicast reception for UE in RRC_INACTIVE.
 Per UE level info
In [4], there are several options about assistant information provided from 5GC:

UE session priority 

UE capabilities 

UE preferences

indication information per UE to allow RRC_INACTIVE reception.

QoS information of multicast per UE

# UE session priority

From the perspective of RAN, there is no explicit requirements for multicast reception to distinguish privileged UEs, thus it is not necessary to increase the complexity of AS layer’s design for it. Whether the UE is privileged or not can be reflected on the configuration about the multicast session from 5GC, or be represented by “keep alive” in the application layer. 
There is no explicit requirements for multicast reception to distinguish privileged UEs, thus it is not necessary to increase the complexity of AS layer’s design for it.
# UE capabilities

As for UE capabilities, whether UE is supporting to receive multicast in RRC_INACTIVE or not should be provided by UE at AS layer rather than from 5GC.

Whether UE supports to receive multicast in RRC_INACTIVE or not can be provided by UE at access layer as UE capability.

# UE preferences
There is already an assistant information about UE preference on the RRC state from UE, it is not necessary to provide UE preference by 5GC.

There is already an assistant information about UE preference on the RRC state from UE, it is not necessary to provide UE preference by 5GC.

# indication information per UE to allow RRC_INACTIVE reception

The same concern as UE session priority, for the same multicast session, there is no explicit requirements to distinguish UEs. There is no need to increase the complexity of AS layer design for it
The same concern as UE session priority, for the same multicast session, there is no explicit requirements to distinguish UEs.
# QoS information of multicast per UE

From the perspective of RAN, for the same multicast, there is no explicit requirements to for different UEs to have different QoS information.

From the perspective of RAN, for the same multicast, there is no explicit requirements to for different UEs to have different QoS information.

By analyzing the discussion in SA2, for multicast reception in RRC_INACTIVE, we propose:
No addition information (per multicast session level or per UE level) is needed by the gNB.
 Multicast reception area
In the last RAN2 119-e meeting[5], the agreements for mobility in RRC_INACTIVE are as follows:

	=>P1: Multicast service continuity after cell reselection in RRC_INACTIVE state (i.e. without resuming RRC connection) will be supported (if the configuration of the new cell is available for the UE). FFS whether there are cases where the UE needs to resume the connection. FFS RAN3 impacts due to inter-gNB mobility.

=>P4: Upon cell reselection to neighbour cells during active multicast session, if the configuration of the session is not available for the new cell for UEs in INACTIVE, then the UE is required to resume RRC connection to get the Multicast MRB configuration. 


UE is allowed to move among cells while receiving multicast data and staying in RRC_INACTIVE, based on RAN2 agreements.

If we can reformulate the scenarios above:

UE is able to stay in RRC_INACTIVE during cross cell mobility. This is beneficial for RRC_INACTIVE UE with multicast reception, since the frequency of UE mobility trigger RRC resume in following events will be reduced.

UE resumes RRC connection in following scenarios: 1/ if there is no multicast in the re-selected cell cell;  or 2/ UE cannot obtain configuration about multicast reception in the re-selected cell.
If large number of RRC_INAVTIVE UEs trigger RRC Resume at the same time, this brings challenges to the scalability of the network, e.g., especially when the neighbouring cell can be congested too.   

RRC resume may be triggered frequently due to multicast receiving UEs' mobility in RRC_INACTIVE, which deteriorates network scalability.
It is a reasonable assumption that the distribution of multicast UEs covers the area defined by multiple cells geographically, as multicast UEs like terminals of mission critical services could move in a certain area, while such area in existing deployment could be crossing multiple cells.
Reception of distribution of multicast service covers the area defined by multiple cells geographically.

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. Such multicast reception area can 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 before or after UEs transitions to 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.
To be consistent with RAN2 agreement, we suggest in RAN3 to introduce the concept of multicast reception area for the benefit above:
RAN3 introduces the multicast reception area, in such area an UE in RRC_INACTIVE 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 issue without no clear answer. The impacts might include:

The UP architecture of the Rel-17 multicast distribution tree, which was updated based on the 5GC's awareness of one UE's reachability. while in option B it needed to be updated to one specific area defined by RNA which in a decision made unknown to 5GC (ideally).
Coordination on Xn about the setup and release of the transmission tunnel (or Xn-U), the context for released UEs/multicast services.
It brings huge spec impacts to support cross gNB mobility for UE 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
In last RAN3 meeting the F1AP was touched a bit and no conclusion was made as any F1AP is deeply connected to Uu options RAN2 take. We here made some further analysis based on RAN2 progress.
Firstly we discuss the impacts to RAN3 about the configuration of multicast reception for UEs in RRC_INACTIVE. In RAN2 119-e meeting[5], the agreements for delivery of PTM configuration are as follows:
	=>P3: For PTM configuration delivery, RAN2 further investigates the following solutions:

Option 1: Dedicated signalling

Option 2: Solution based on SIB+MCCH

We do not preclude some “mix” of the options


Different configuration delivery method will affect the behavior of the gNB F1 interface, for example,
For Option 1 (dedicated signaling 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 RRC_INACTIVE UE whose context is removed at DU side. Although it can be controversial, spec update should be applicable theoretically, .
For Option 1 (dedicated signaling 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 can be controversial since UE in RRC_INACTIVE has no context anymore at DU side.
For Option 2 (SIB+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 Option 2 (SIB+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.
Above analysis is for information only, on specific F1AP impacts, RAN3 anyway needs RAN2's further progress.
On F1AP impacts, RAN3 needs to wait for RAN2 agreements on PTM 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. 
Whether and which additional information to enable RRC_INACTIVE multicast reception is needed for the gNB is FFS.
Current QoS framework shall be applied, no new QoS info needed.
In case of mission critical services in network congestion scenarios, compromised QoS can be better than no service at all.

Reusing the alternative QoS profile and QoS notification framework could facilitate network to continue the service during RAN resource congestion.
For the multicast reception in RRC_INACTIVE, there is no need to provide multicast session priority from 5GC, the current QoS priority level provided from 5GC to gNB can used to represent the MBS session priority level.
QoS info is enough for RAN to make scheduling decision, e.g., enable multicast reception for UE in RRC_INACTIVE.
There is no explicit requirements for multicast reception to distinguish privileged UEs, thus it is not necessary to increase the complexity of AS layer’s design for it.
Whether UE supports to receive multicast in RRC_INACTIVE or not can be provided by UE at access layer as UE capability.

There is already an assistant information about UE preference on the RRC state from UE, it is not necessary to provide UE preference by 5GC.

The same concern as UE session priority, for the same multicast session, there is no explicit requirements to distinguish UEs.
From the perspective of RAN, for the same multicast, there is no explicit requirements to for different UEs to have different QoS information.

UE is allowed to move among cells while receiving multicast data and staying in RRC_INACTIVE, based on RAN2 agreements.
RRC resume may be triggered frequently due to multicast receiving UEs' mobility in RRC_INACTIVE, which deteriorates network scalability.
Reception of distribution of multicast service covers the area defined by multiple cells geographically.

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 for UE in RRC_INACTIVE while 5GC is only aware of the gNB level reachability of the UE.

For Option 1 (dedicated signaling 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 can be controversial since UE in RRC_INACTIVE has no context anymore at DU side.
For Option 2 (SIB+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.
Reuse alternative QoS profile and QoS notification framework for Rel-18 NR MBS at least for multicast session.

No addition information(per multicast session level or per UE level) is needed by the gNB.
RAN3 introduces the multicast reception area, in such area an UE in RRC_INACTIVE is able to continue the multicast reception without RRC state transitioning.

Limit the multicast reception area inside one gNB.
On F1AP impacts, RAN3 needs to wait for RAN2 agreements on PTM configuration delivery method for UEs in RRC_INACTIVE.
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