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1 Introduction
In the last RAN2 meeting [1], some agreements related to multicast reception in RRC_INACTIVE had been achieved, which are given as follows,
	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.


In this contribution, we would like to provide our initial considerations on the mixed approach, including the modeling on PTM (re)configuration and mobility continuity.
2. Discussion
2.1 First PTM configuration acquisition
In practice, when the UE joins a Multicast Session, its serving gNB is aware of the interests and radio condition of this UE and then can decide whether to release it to RRC_INACTIVE for multicast reception (e.g. based on system resource load). If so, the gNB needs to inform the UE of the appropriate configuration, so that the UE can initialize MRB resumption and group common PDCCH monitoring afterward. 
Specifically, for Scenario 1 (i.e. UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception), to minimize the service disruption during RRC state transition, it is supposed that the gNB shall include all the necessary PTM configurations (e.g. MRB configuration and MAC-PHY configuration) of the activated Multicast session(s) for multicast reception in the RRC_INACTIVE state in RRC Release message to the UE. On the UE side, upon reception of this RRC Release message, the UE should restore the multicast MRB configuration and keep the multicast MRB (associated with an RLC entity used for PTM reception) resumed. Meanwhile, it should also camp on the last serving cell and apply the MAC-PHY configuration (e.g. DRX and CFR configuration, details in our companion paper R2-2300243). With this, multicast reception in the RRC_INACTIVE state becomes feasible, as shown in the following Figure 1. 


Figure 1: Multicast reception in scenario 1
Next, for Scenario 2 (i.e. a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session), as the Multicast Session has not been started, we think the NW may have no idea about the exact PTM configuration for subsequent multicast reception in RRC_INACTIVE state. If the NW decides to keep the UE in the RRC_INACTIVE state for subsequent multicast reception, then it can just simply deliver an indicator to the UE in the RRC Release message without any PTM configuration, telling the UE that multicast reception in the RRC_INACTIVE state is enabled. Upon the moment when a multicast session is about to be started, the NW can use the Multicast MCCH for PTM configuration acquisition (more details regarding session activation via group paging are given in our companion paper R2-2300244). After reading the Multicast MCCH, the UE is able to get the corresponding PTM configuration for its interested Multicast Session and perform the multicast reception in the RRC_INACTIVE state, as the figure below.


Figure 2: Multicast reception in scenario 2
Based on the modeling given above, we have the following proposals, 
Proposal 1: The PTM configuration of a joined session, that is used for multicast reception in RRC_INACTIVE state, is contained in the RRC Release or Multicast MCCH message.
Proposal 2: The PTM configuration can include all scheduling information for multicast reception in RRC_INACTIVE state (e.g. MRB configuration and L1 parameters).
Proposal 3: The RRC Release message contains an explicit indication for enabling multicast reception of a joined session in RRC_INACTIVE in the case of scenario 2.
Proposal 4: Upon the reception of RRC Release message configured with a PTM configuration of a joined session, the UE can at least perform the following actions:
· SRBs and DRBs are suspended except SRB0 nor related multicast MRB(s);
· select the cell in which the UE received the RRC Release message;
· configure the PHY layer in accordance with the PTM configuration;
· monitor GC-PDCCH of multicast MCCH.
Proposal 5: If the RRC Release message only contains the explicit indication for enabling multicast reception but without PTM configuration, the UE obtains PTM configuration via Multicast MCCH.
2.2 Multicast MCCH framework
The next important issue is how the UE obtains the scheduling information of MCCH signaling, e.g. via SIB method or dedicated signaling (e.g. RRC Release message). And we have the following considerations.
Regarding dedicated signaling, proponents of dedicated signaling believe that the dedicated signaling method will provide better security performance than the SIB method (i.e. only the UE who has successfully joined and been authorized with a Multicast Session can acquire the MCCH configuration). We agree that’s right. However, if so, to provide such a level of security performance, we have to design multiple MCCHs framework basis on one or more than one multicast service level (e.g. one MCCH for PTM configuration acquisition of one Multicast Session, so that a UE cannot acquire any PTM configuration of a Multicast Session that it has not joined). In addition, to guarantee multicast service continuity, the dedicated signaling needs to provide the scheduling information of multiple MCCHs of both the current serving cell and neighbor cells. Without a doubt, such kind of modeling is quite complicated and cannot perfectly work without potential efforts from RAN3 (e.g. configuration exchange procedure via Xn). 
To make it simple and flexible, we propose that a new SIB is introduced to carry the Multicast MCCH configuration. That is to say, if a UE has joined successfully for a Multicast Session, then it can read the new SIB to obtain the Multicast MCCH configuration and then get the PTM configurations of the Multicast Services it has joined. Even though cell reselection happens, the UE can still read the new SIB in the new selected cell and continue with multicast reception. Furthermore, we would like to emphasize that only a single Multicast MCCH is sufficient. The reason is similar to why we use a single MCCH for broadcast services in Release 17 (i.e. generally the QoS requirements of broadcast services are likely the same as those of multicast services with reception in RRC_INACTIVE state, and the single MCCH framework can guarantee the requirements). Hence, we propose
Proposal 6: A new SIB is introduced to carry Multicast MCCH configuration.
Proposal 7: Only single Multicast MCCH is supported. 
In R17 MCCH design, MCCH change notification has 2 separate bits in DCI, i.e. one for new service starting and one for on-going service change. Since there is no RAN1 TU allocation in the R18 MBS work item and no new functionality is required, it seems a spontaneous logic to simply reuse the R17 MCCH change notification mechanisms for Multicast MCCH framework, specifically:
· One bit in DCI is for new multicast service configuration starting in MCCH. When this bit is set to ‘1’, all UEs, which are indicated to receive a multicast service in RRC_INACTIVE state but have not yet been configured with the corresponding PTM configuration of that service, should apply the Multicast MCCH information acquisition procedure to obtain the PTM configuration.
· The other bit in DCI is for on-going multicast service configuration change notification. When the bit is set to ‘1’, all UEs receiving multicast service(s) in the RRC_INACTIVE state should apply the Multicast MCCH information acquisition procedure to obtain the potential modified configuration(s) of its joined service(s), which provides an efficient way to update the PTM configuration.
Proposal 8: 2 bits in legacy MCCH DCI, i.e. one for new service configuration starting and the other one for on-going service configuration change notification, can be reused for the Multicast MCCH DCI.
Proposal 9: Upon reception of 1-bit for new service configuration starting, all UEs which are indicated to receive a multicast service in RRC_INACTIVE state but have not yet been configured with the corresponding PTM configuration of that service should apply the Multicast MCCH information acquisition procedure.
Proposal 10: Upon reception of 1-bit for on-going service configuration change notification, all UEs receiving multicast service(s) in RRC_INACTIVE state should apply the Multicast MCCH information acquisition procedure.
2.3 Mobility and Service Continuity
In R17, broadcast service(s) is usually deployed per frequency based, e.g. same broadcast service on the intra-frequency cells. In MBS USD (User Service Description) and FSAI (Frequency Selection Area Identity) of SIB21, there are some frequency information to help UE for cell reselection and frequency prioritization for MBS broadcast service continuity.
However, for multicast service(s), there has never been a feature based on the same frequency deployment from R17 and also no specific USD and SIB for frequency information. Hence, it seems it is useless to introduce the frequency-based cell reselection mechanism for multicast reception in RRC_INACTIVE state.
Proposal 11: Frequency-based cell reselection mechanism is not introduced for multicast reception in RRC_INACTIVE state.  
For multicast service continuity in RRC_INACTIVE state, we think multicast Neighbour Cell List (NCL) information is useful, which can be included in the multicast MCCH per service level. For example, a UE can obtain the NCL information from its serving cell that its joined multicast service 1 has been supported in neighbour cell 1 and neighbour cell 2 for reception in RRC_INACTIVE state. When the UE moves and reselects to cell 1 or cell 2, it does not need to trigger RRC state transition to RRC_CONNECTED state but can directly obtain the configuration of multicast service 1 from MCCH signaling and stay in RRC_INACTIVE state. Or, the UE moves and reselects to cell 3, and it immediately triggers RRC state transition to RRC_CONNECTED state for multicast service 1 reception since cell 3 can not support RRC_INACTIVE reception based on the above NCL information.


Figure 3: Service continuity via mixed approach
Furthermore, R17 broadcast NCL mechanism has two levels, i.e. one whole NCL list in SIB per cell level and detailed bitmap indicator in the same order with NCL of SIB in MCCH per service level. This design can save signaling overhead and can be baseline for Rel-18 multicast MCCH. Of cause, it can also be considered that each service has separate NCL if there is less overlap among cells of each multicast service location.
Hence, multicast NCL information can be included in the multicast MCCH per service level and broadcast NCL alike mechanism can be baseline for Rel-18 multicast MCCH.
Proposal 12: Multicast NCL information is optionally included in the Multicast MCCH per multicast service level. 
Proposal 13: Broadcast NCL mechanism is used as baseline for multicast reception in RRC_INACTIVE state.
Last but not least, based on our modeling of the mixed approach regarding mobility and service continuity aspects, we fail to see the necessity to introduce area-specific PTM configuration for multicast reception in the RRC_INACTIVE state as the UE anyway can acquire the PTM configuration of a neighbor cell via new SIB and Multicast MCCH. In fact, due to cross-layer complexity and limited deployment scenarios, the concept of area-specific NR MBS is not specified in Rel-17. Thus, based on the historical story and performance necessity, we think the PTM configuration for multicast reception in the RRC_INACTIVE state is only applicable to a single cell. 
Proposal 14: PTM configuration for multicast reception in the RRC_INACTIVE state is only applicable to a single cell.
3. Conclusion
In this contribution, we have provided our initial considerations on the mixed approach, including the modeling on PTM (re)configuration and mobility continuity. All the proposals are summarized as follows,
First PTM  configuration acquisition:
Proposal 1: The PTM configuration of a joined session, that is used for multicast reception in RRC_INACTIVE state, is contained in the RRC Release or Multicast MCCH message.
Proposal 2: The PTM configuration can include all scheduling information for multicast reception in RRC_INACTIVE state (e.g. MRB configuration and L1 parameters).
Proposal 3: The RRC Release message contains an explicit indication for enabling multicast reception of a joined session in RRC_INACTIVE in the case of scenario 2.
Proposal 4: Upon the reception of RRC Release message configured with a PTM configuration of a joined session, the UE can at least perform the following actions:
· SRBs and DRBs are suspended except SRB0 nor related multicast MRB(s);
· select the cell in which the UE received the RRC Release message;
· configure the PHY layer in accordance with the PTM configuration;
· monitor GC-PDCCH of multicast MCCH.
Proposal 5: If the RRC Release message only contains the explicit indication for enabling multicast reception but without PTM configuration, the UE obtains PTM configuration via Multicast MCCH.

Multicast MCCH framework
Proposal 6: A new SIB is introduced to carry Multicast MCCH configuration.
Proposal 7: Only single Multicast MCCH is supported. 
Proposal 8: 2 bits in legacy MCCH DCI, i.e. one for new service configuration starting and the other one for on-going service configuration change notification, can be reused for the Multicast MCCH DCI.
Proposal 9: Upon reception of 1-bit for new service configuration starting, all UEs which are indicated to receive a multicast service in RRC_INACTIVE state but have not yet been configured with the corresponding PTM configuration of that service should apply the Multicast MCCH information acquisition procedure.
Proposal 10: Upon reception of 1-bit for on-going service configuration change notification, all UEs receiving multicast service(s) in RRC_INACTIVE state should apply the Multicast MCCH information acquisition procedure.

Mobility and Service Continuity
Proposal 11: Frequency-based cell reselection mechanism is not introduced for multicast reception in RRC_INACTIVE state.  
Proposal 12: Multicast NCL information is optionally included in the Multicast MCCH per multicast service level. 
Proposal 13: Broadcast NCL mechanism is used as baseline for multicast reception in RRC_INACTIVE state.
Proposal 14: PTM configuration for multicast reception in the RRC_INACTIVE state is only applicable to a single cell.
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