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1. Introduction
The work item on Enhancement of MBS (eMBS) aims to supporting the multicast reception by UEs in INACTIVE as follows [1]: 
	· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]

· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]


RAN2 is discussing this objective and has reached a set of agreements [2][3][4][5]. On top of these agreements, the PTM configuration and mobility aspects on multicast reception in INACTIVE are discussed in this contribution. 
2. Discussion 
2.1. Initial configuration procedures 
RAN2#120 reached the consensus on the “mixed approach” to move forward [4]. 

	· We will have a mixed approach and we start with the following:

1. When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).

2. 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. 

3. We assume that the UE can only receive multicast service after it joined the session.

4. FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.


RAN2#121 agreed to the following statements [5]
	· UE shall join in the multicast session before receiving multicast in RRC INACTIVE.

· If network finds it useful, the PTM configuration for the (single) serving cell can be configured to UE before the session activation, and UE stores the configuration. When session is activated, UE can receive multicast in INACTIVE state by applying the configuration without going back to RRC_CONNECTED, if not updated by MCCH after being configured.

· When network configures UE to receive multicast in INACTIVE state, RRCRelease message with suspendconfig can be used to deliver the PTM configuration. Other dedicated RRC messages will not be used to provide PTM configuration for MBS multicast for INACTIVE.

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

	· Multicast MCCH configuration is provided via new SIB. 

· Optionally, Multicast MCCH configuration for the serving cell can also be provided in dedicated signalling. Understanding is we are not optimizing mobility case because of this.


Based on these agreements, the configuration procedures for the on-going (i.e., activated) multicast session and for the deactivated (i.e., before activated) multicast session would be considered as in Figure 1. 
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Figure 1
 Initial configuration procedure for on-going session (left) and deactivated session (right)
2.1.1. On-going (activated) multicast session 
For the on-going multicast session, the UE is configured with the multicast MRB for multicast reception in Connected through RRC Reconfiguration and starts the reception of MTCH, as Rel-17 [6]. For multicast reception in INACTIVE, the UE is configured with the broadcast MRB (or a new “multicast inactive MRB”) for multicast reception via RRC Release. 
Regarding the PTM configuration in RRC Resume, it’s straightforward that the contents (i.e., IEs) are the same with Rel-17 MCCH (i.e., MBSBroadcastConfiguration [7]) as baseline. But RAN2 agreed to “introduce a new MCCH logical channel” [5], so the RRC message name should be also different from Rel-17 MBSBroadcastConfiguration. The same message is transferred via the new MCCH logical channel. 

Proposal 1 RAN2 should agree that the new RRC message for PTM configuration should be defined in RRC Release and the new “multicast MCCH”, e.g., MBSMulticastInactiveConfiguration. 

Proposal 2 RAN2 should agree that the IEs in the new RRC message for PTM configuration are the same with Rel-17 MBSBroadcastConfiguration as baseline. 
The multicast MRB for Connected is suspended when the UE receives RRC Release with suspendConfig as in Rel-17 [7]. The UE continues the same multicast session if RRC Release includes the PTM configuration for INACTIVE. The service continuity of the multicast session should be ensured during/after RRC state transition. So, the UE should apply the PTM configuration for the broadcast MRB (or a new “multicast inactive MRB”) before it suspends the multicast MRB, which is similar to the legacy dedicated configuration such as redirectedCarrierInfo, cellReselectionPriorities, deprioritisationReq and measIdleConfig. The UE should start receiving the broadcast MRB as soon as it applied the PTM configuration. It’s FFS whether the new procedures (i.e., the UE applies the PTM configuration and starts receiving MTCH) is performed when the UE applies suspendConfig. 
Proposal 3 RAN2 should agree that before it suspends the multicast MRB, the UE should apply the PTM configuration for the broadcast MRB (or a new “multicast inactive MRB”) and start receiving the corresponding MCCH. 
2.1.2. Deactivated (before activated) multicast sessions 
For the deactivated multicast session, the UE is configured with the PTM configuration by RRC Release. If Proposal 3 above is agreeable, the UE would immediately start to receive the MTCH, although the UE should refrain from this since the MTCH is not transmitted at this time. Instead, the UE should be notified via RRC Release that the multicast session is still deactivated, so that the UE can wait for the multicast session activation notification without performing MTCH reception. The detailed behaviours are FFS, e.g., whether to apply the PTM configuration but wait for the session activation. 
Proposal 4 RAN2 should agree that the UE is notified by RRC Release whether the multicast session is deactivated, so that the UE does not try receiving the corresponding MTCH.
After transitioning to INACTIVE, the UE monitors the multicast session activation notification (i.e., the group paging). Before the multicast session activation, the gNB may change the PTM configuration for the session and such change is configured by the new “multicast MCCH” for the UEs in INACTIVE. In this case, the gNB may transmit the “multicast MCCH” before the session activation. 
From the UE’s perspective, it increases the UE power consumption if the UE needs to monitor the new “multicast MCCH” for the deactivated multicast session. So, it should be confirmed that the UE is not required to monitor the multicast MCCH before it receives the multicast session activation notification. In other words, the UE only needs to monitor the multicast MCCH once it receives the activation notification on the TMGI of interest. The same behaviour can be applied to the new SIB for MCCH configuration (i.e., the one like SIB20). 
Proposal 5 RAN2 should agree that the UE is not required to monitor the new “multicast MCCH” nor the new SIB (like SIB20) when the corresponding multicast session is deactivated (i.e., before receiving the multicast session notification). 

Upon the reception of multicast activation notification, the UE needs to check whether the MCCH configuration in the new SIB and/or the PTM configuration in multicast MCCH were updated or not, in case RRC Release provided the MCCH configuration and/or the PTM configuration. The stored configuration, i.e., provided by RRC Release, should be applied unless the configuration is updated. Needless to say, if the configuration is updated then the UE should acquire the new SIB and/or the multicast MCCH. 
For the new SIB, it’s expected that the UE can know whether the new SIB bas been updated, by checking the value tag in SIB1, as it is today [7]. On the other hand, the UE does not know whether the multicast MCCH has been updated before receiving and decoding MCCH. In this case, the UE anyway needs to decode MCCH once even if it was configured by RRC Release, which does not make sense as well.  In this sense, the value tag should be introduced for MCCH, in order for the UE to know the PTM configuration update without decoding MCCH. It’s FFS where the MCCH value tag is placed, e.g., in the new SIB, SIB1 or the group paging. 
Proposal 6 RAN2 should agree that the MCCH value tag is introduced, which is used by the UE to know whether the PTM configuration has been updated from the one configured by RRC Release, without decoding MCCH itself. 

2.2. Configuration update in INACTIVE 
In Rel-17, there is a single MCCH in a cell [6]. For Rel-18, RAN2 agreed to “introduce a new MCCH logical channel for multicast in INACTIVE (different from broadcast MCCH)” [5]. The multicast “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.” [4] 
Observation 1 Multicast MCCH is used to update the PTM configuration for UEs in INACTIVE. 
So, there are two MCCHs in Rel-18 network, i.e., (Broadcast) MCCH and Multicast MCCH. In our understanding, the motivation of introducing separate MCCHs in a cell is to handle different service requirements for different cast types, i.e., MBS broadcast and MBS multicast. 
The question is whether there are also different service requirements for different multicast sessions. In our view, the service requirements for a group multimedia call service and a firmware download service are quite different. In addition, the frequencies of PTM configuration updates for these services are different, e.g., a group multimedia call service may need to optimize its PTM configuration frequently since it’s a foreground service, while a firmware download service does not need such a frequent optimization since it’s a background service.  Considering the initial PTM configuration is provided by RRC Release, the PTM configuration update by Multicast MCCH is needed for some services while it does not for other services. In this sense, it would be efficient for the UE and flexible for the network to introduce multiple Multicast MCCHs. 
Proposal 7 RAN2 should discuss whether multiple Multicast MCCHs per cell should be introduced. 
2.3. UE mobility and service continuity 
RAN2#120 agreed that MCCH is used during UE mobility [4]. 

	· We will have a mixed approach and we start with the following:

1. When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).

2. 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. 

3. We assume that the UE can only receive multicast service after it joined the session.

4. FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.


The WID stated the seamless/lossless mobility is not required [1]: 

	· Specify support of multicast reception by UEs in RRC_INACTIVE state [RAN2, RAN3]

· PTM configuration for UEs receiving multicast in RRC_INACTIVE state [RAN2]
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3]


RAN2#120 concluded that Multicast MCCH is used to provide PTM configuration during mobility [4]. 

	· We will have a mixed approach and we start with the following:

1. When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).

2. 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. 

3. We assume that the UE can only receive multicast service after it joined the session.

4. FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.


It’s quite similar to Rel-17 MBS broadcast [6]. So, it’s natural to take the service continuity mechanism in Rel-17 MBS broadcast [6] as the baseline. In this case, it should be first confirmed for multicast sessions that the neighbour cell information is provided by MCCH, and the UE is allowed to prioritize the MBS frequency during cell reselection. 
As assumed in LTE SC-PTM and NR MBS broadcast, it’s up to UE implementation how to ensure the service continuity, e.g., how to use the neighbour cell information, whether to prioritize an MBS frequency, how/when to acquire MCCH from a neighbour cell, etc. 
Proposal 8 RAN2 should agree that the neighbour cell information on multicast sessions is provided by MCCH, same as with MBS broadcast. 
Proposal 9 RAN2 should agree that the UE is allowed to prioritize MBS multicast frequency during cell reselection, same as with MBS broadcast. 

RAN2#121 discussed the area-scope of MCCH [5]. Some companies proposed that the PTM configuration can be valid in multiple cells, which helps the service continuity during UE mobility. For intra-gNB case, the PTM configurations in each cell could be aligned easily (if needed), although for inter-gNB case it becomes difficult and needs to involve Xn-AP for negotiations. At the end, RAN2 agreed the area-scope does not involve other gNBs, while intra-gNB case was left to FFS [5]. 

	· Serving cell will not provide the PTM configuration of neighbour cells from other gNBs.

· FFS whether the network can provide PTM configuration for intra-gNB cells. 


For this small enhancement, it would not be harmful if it’s limited to intra-gNB case. So, RAN2 should discuss whether the PTM configuration may be applicable to multiple cells within a gNB. 
Proposal 10 RAN2 should discuss whether the PTM configuration may be applicable to multiple cells within a gNB, whereby the intra-gNB scenario is the baseline assumption. 

Another consideration is for QoS control by the network. Although the WID states the seamless/lossless mobility is not required, it does not mean all the multicast sessions, which the UE is allowed to receive in INACTIVE, don’t require the seamless/lossless mobility. For example, due to congestion, the network has to move the UE to INACTIVE, but due to QoS requirement the UE needs to be moved back to Connected. For seamless/lossless mobility, Rel-17 MBS multicast supported the handover in RRC Connected. So, it should be considered whether the network needs to have the option to control whether the UE is allowed to perform cell reselection or should resume RRC connection before cell reselection (for handover in Connected). 
Proposal 11 RAN2 should discuss if the gNB can indicate whether the UE is allowed to perform inactive mode mobility or should resume RRC connection before cell reselection, for better QoS control. 
3. Conclusion 
In this contribution, the details of solutions for multicast reception in RRC INACTIVE is discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should agree that the new RRC message for PTM configuration should be defined in RRC Release and the new “multicast MCCH”, e.g., MBSMulticastInactiveConfiguration.
Proposal 2
RAN2 should agree that the IEs in the new RRC message for PTM configuration are the same with Rel-17 MBSBroadcastConfiguration as baseline.
Proposal 3
RAN2 should agree that before it suspends the multicast MRB, the UE should apply the PTM configuration for the broadcast MRB (or a new “multicast inactive MRB”) and start receiving the corresponding MCCH.
Proposal 4
RAN2 should agree that the UE is notified by RRC Release whether the multicast session is deactivated, so that the UE does not try receiving the corresponding MTCH.
Proposal 5
RAN2 should agree that the UE is not required to monitor the new “multicast MCCH” nor the new SIB (like SIB20) when the corresponding multicast session is deactivated (i.e., before receiving the multicast session notification).
Proposal 6
RAN2 should agree that the MCCH value tag is introduced, which is used by the UE to know whether the PTM configuration has been updated from the one configured by RRC Release, without decoding MCCH itself.
Observation 1
Multicast MCCH is used to update the PTM configuration for UEs in INACTIVE.
Proposal 7
RAN2 should discuss whether multiple Multicast MCCHs per cell should be introduced.
Proposal 8
RAN2 should agree that the neighbour cell information on multicast sessions is provided by MCCH, same as with MBS broadcast.
Proposal 9
RAN2 should agree that the UE is allowed to prioritize MBS multicast frequency during cell reselection, same as with MBS broadcast.
Proposal 10
RAN2 should discuss whether the PTM configuration may be applicable to multiple cells within a gNB, whereby the intra-gNB scenario is the baseline assumption.
Proposal 11
RAN2 should discuss if the gNB can indicate whether the UE is allowed to perform inactive mode mobility or should resume RRC connection before cell reselection, for better QoS control.
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