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1	Introduction
The Rel-18 work item on Enhancements of NR Multicast and Broadcast services has been agreed in [1] with the objectives including: 
· 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]
Rel-17 work specified multicast reception for UEs in RRC_CONNECTED state, whereas Rel-18 WID targets especially cells with a large number of UEs. In addition to the varied limitations on the network side for keeping all UEs receiving a multicast service in RRC_CONNECTED state, receiving multicast transmission in RRC_INACTIVE state by the UEs is assumed to be more power efficient [1]. 
In this paper, we provide a high-level analysis of the principles to operate the feature of multicast reception in RRC_INACTIVE state, in addition to the principles for mobility and state transitions. Furthermore, initial agreements in RAN2#119-e and #119bis-e meetings [2][3] are considered and open issues are targeted.
2	Principles for MBS reception in RRC_INACTIVE state
2.1	Delivery Mode for Multicast Reception in RRC_INACTIVE state
In RAN2#119-e meeting [2], to enable reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state, RAN2 had agreed to investigate two options, whose baseline descriptions were agreed as the following in the RAN2#119bis-e [3]:
The following general description is taken as baseline for PTM configuration delivery Option 1:
(1-a) PTM configuration(s) (i.e., configurations used for multicast reception in RRC_INACTIVE) of one or more multicast sessions for at least one cell are provided via dedicated RRC signaling to a UE. 
(1-b) The RRC message for this includes RRCReconfiguration and/or RRCRelease and/or RRCResume (details FFS)
(1-c) UE stores the received configurations while it is in RRC_INACTIVE, and if there is a need to update some or all the configurations, the UE is notified of such changes and may trigger RRC connection resume to obtain the updated configurations. In case of mobility in RRC_INACTIVE, the UE triggers RRC connection resume if the configuration of the session is not available for the new cell.
The following general description is taken as baseline for PTM configuration delivery Option 2:
(2-a) PTM configurations (i.e., configurations used for multicast reception in RRC_INACTIVE) are provided via an MCCH-like channel (same or different as used for MBS broadcast), and information regarding MCCH scheduling is provided via SIB, FFS dedicated signalling
(2-b) UE can receive such configurations when it is in RRC_INACTIVE, FFS whether it is allowed/needed to also receive when UE is in RRC_CONNECTED
(2-c) If there is a need to update some or all the received configurations, UE does not need to resume RRC connection but is notified of such changes (e.g. via MCCH DCI) and obtains the updated configurations via MCCH.

Furthermore, it was agreed that “mixed” mode operations, where some aspects of above solutions are adopted together are not precluded. 
In the following table, we compare the advantages/disadvantages of these options. In addition, we target the FFSs in the above descriptions of both options:
	
	Option 1 (Dedicated Signalling)
	Option 2 (Solution based on SIB/MCCH)

	Configuration for Multicast Reception in RRC_INACTIVE State

	Each time a gNB sends the UE to RRC_INACTIVE state, the gNB needs to contact all other gNBs whose cells are within the RNA of the UE to receive the multicast configuration or alternatively gNBs need to keep all the gNBs aware of configuration changes within RNA. This operation is needed, even if these cells do not provide multicast delivery to the UEs in RRC_INACTIVE state (e.g., not enough UEs receiving a particular multicast service to enable RRC_INACTIVE reception).
Considering that RNAs of different UEs may be different, and the main use case for RRC_INACTIVE reception is for scalability, i.e., significant amount of UEs to be sent to RRC_INACTIVE, this would initiate significant signalling overload among gNBs. Inter-node signalling aspects should be studied carefully in RAN3.
Size of the RRCRelease message can become an issue, as well, considering the size of a PTM configuration for receiving multicast services in Rel-17 even for only one cell. 
There is possibility also to provide some configuration by SIB/MCCH approach to mitigate some problems of dedicated signalling (mixed mode operation). 
	gNB can make cell level decisions without special need to contact other gNBs whose cells are in the RNA of the UE.
The UE can obtain configurations of other cells using SIB/MCCH when reselecting a new camped cell.
The solution is similar to the one defined for Rel-17 broadcast services, therefore, requires minimal changes in the specifications.
There is possibility also to provide some configuration by dedicated signalling within RRCRelease to mitigate, e.g., possible service disruptions, when changing from RRC_CONNECTED to RRC_INACTIVE state. However, as the UE will perform cell selection, further investigations shall be performed how to provide best possible service continuity in such scenario. More explanations on this option are provided below.
 

	Updates in the Configuration for Multicast Reception for UE in RRC_INACTIVE State
	In case any cell that is within the RNA of the UE changes configuration of the multicast delivery to the UEs in RRC_INACTIVE state, paging is required to provide the UE with the changes of a single cell.  
Each UE that joined the session, sent to RRC_INACTIVE state and has the cell whose configuration has changed in its RNA needs to reconnect and receive the new configuration. This needs to be done for different multicast services at different times.
Significant amount of signalling load would be created. Also impacts to UE power consumption is not insignificant due to frequent paging required to move UE to RRC_CONNECTED state.
There is possibility also to provide some updates by SIB/MCCH approach to mitigate above problems (mixed mode operation).
	gNB can reflect any change in the configuration within any of its cells individually using MCCH changes using well-defined MCCH modification mechanism of Rel-17 broadcast.
No need for paging the UEs unnecessarily.
The UEs do not need to perform RRC state changes to receive configuration updates.

	Updates in the Delivery Mode of the Multicast Service, i.e., in case NW/gNB(s) finds the need to start/stop delivery of multicast in RRC_INACTIVE
	Reception of a multicast service in RRC_INACTIVE state shall be used for scalability which is the main objective of WI [1]. However, the number of UEs in a cell that receives a particular multicast service changes frequently. 

After the UE is sent to RRC_INACTIVE and provided with multicast configuration to receive multicast in RRC_INACTIVE state within the RNA, if any cell within the RNA of the UE changes the delivery mode (e.g., instead of having UEs in RRC_INACTIVE state receiving a service, the cell uses Rel-17 multicast reception method in RRC_CONNECTED  that provides better reliability and spectral efficiency as the number of UEs in the cell got smaller),  paging would be required. 

Otherwise, when the UE starts camping on the cell whose delivery method has changed (i.e., all the UEs shall use Rel-17 multicast delivery method that is only for RRC_CONNECTED state), the UE would either not be able to receive the multicast service or receive it with lower reliability and spectral efficiency. 

There is possibility also to provide such information by SIB/MCCH approach to mitigate above problems (mixed mode operation).
	A gNB can easily indicate to the UEs in SIB/MCCH whether it provides the multicast service using the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state. 
A UE can easily understand whether it shall stay in RRC_INACTIVE state in a cell to receive a service or whether it shall reconnect for the reception of multicast data using Rel-17 delivery method.
Delivery mode changes do not require extra paging towards the UEs.


	Updates in the Activation Status of the Multicast Service
	If any change in the activation status of the multicast session is made in any of the cells within the RNA (as each cell may be in different MBS service areas providing different services), the UE needs to be paged and to be provided with the new configuration. 

Otherwise, for example, if the UE assumes that a particular multicast session is active whereas the session is deactive, the UE unnecessarily tries to receive the associated data in RRC_INACTIVE state that would cause unnecessary power consumption. In an opposite scenario, paging would be required for the UE to start trying to receive multicast data in RRC_INACTIVE state.
There is possibility also to provide the activation status of a multicast session by SIB/MCCH approach to mitigate above overhead (mixed mode operation).
	A gNB can easily indicate to the UEs in SIB/MCCH whether a specific multicast service is active/deactive, which would avoid any unnecessary power consumption at the UE side.
For a quick activation, i.e., a mechanism where the UE in RRC_INACTIVE state does not need to wait for the next MCCH period occurence, group-paging can still be used. More details are provided in Sec. 2.2


	Security
	No extra security issues are foreseen compared to Rel-17 multicast.
	Some concerns were raised in last RAN2 meeting indicating that MCCH-based approach to provide multicast presumably creates security issues. Furthermore, concerns on a fake gNB to transmit MCCH messages were raised.
In our view, security would be needed from UP encryption at application level or at core level (MBSTF) appropriately, as defined for Rel-17, to avoid multicast to be received by any UE in a geographical area and limit the service only to the UEs that joined the session.
However, this is doable by Rel-17 specifications, and this is not unnatural. Indeed, for that reason, no major security concerns were raised for MCCH-based approach of broadcast, which shall be similar to what we define for Rel-18 multicast for RRC_INACTIVE UEs.
In our view, fake gNB issue is not an actual problem specific for multicast. Any fake gNB that can send SIB messages would also spoil the system in a similar fashion – and note that SIB can also be provided using dedicated signalling, which is not something specific to multicast framework. 
Thus, security is not a major problem with SIB/MCCH-based approach.

	Mobility interruption

	As stated in [4], this option may reduce control plane latency within the RNA to continue receiving a multicast service in a new camped cell in RRC_INACTIVE state after cell reselection as there is no need to wait to receive MCCH by the UE (and corresponding SIB to find MCCH scheduling).

	A UE in RRC_INACTIVE state receiving a multicast service would need to read SIB/MCCH to receive the configuration of the new camped cell to continue receiving the multicast service. However, WID explicitly mentions that seamless/lossless mobility is not required, and further optimizations can be investigated, if this problem is found critical. 
For example, the UE can be provided with the MCCH configuration of the cells of the same gNB (intra-gNB cells) via the RRC release message with suspendConfig, so that no Xn overhead would be introduced, paging would not become a significant issue and there would be no mobility interruption when the UE performs mobility among the cells of the same gNB. More explanations on this option are provided below.



Based on the conclusions from the above table, reusing broadcast-based approach for RRC_INACTIVE UEs receiving multicast would seem quite straightforward solution that could reuse lots of Rel-17 principles, thus, avoiding redesigning completely new approach for MBS multicast delivery. It can also provide a complete framework that could target different scenarios that may frequently happen in the network without introducing significant overhead and without bringing additional security issues. Moreover, to provide better service continuity, a mixed mode operation (what we will call Option-2bis) can be introduced. 
In Option-2bis, a UE can be provided with the full MCCH information (i.e., SIB20 + MCCH content) of the cells of the same gNB (intra-gNB cells) via the RRC release message with suspendConfig in order to avoid excessive inter-gNB signaling caused by inevitable configuration changes in the neighbouring gNBs. The UE in RRC_INACTIVE state can directly start receiving the multicast data, e.g., when going from RRC_CONNECTED to RRC_INACTIVE state after initial cell selection to an intra-gNB cell; and after reselecting a new intra-gNB cell to camp on. If the UE does not have a valid SIB20/MCCH (e.g., MCCH content changed), it can obtain the newer version of the SIB20/MCCH that is periodically broadcasted in the cell, i.e., the UE can immediately start looking for multicast data, and in parallel, decode SIB20/MCCH to test validity of its own configuration. For future changes, the UE would monitor MCCH, as well. For inter-gNB cells, the UE would still use what was defined as Option-2, i.e., after reselection, the UE would read SIB20/MCCH to start receiving multicast data.  
Note that a UE in RRC_INACTIVE state that joined successfully via NAS signalling to an MBS session shall monitor SIB20/MCCH for that particular TMGI.
This kind of mixed mode approach would necessitate minimum amount of Xn and paging overhead (which in our view is showstopper of Option-1), while mitigating a possible disruption of service continuity during the mobility in the cells of the same gNB and during RRC state transitioning from RRC_CONNECTED to RRC_INACTIVE state (note that WID states that seamless/lossless mobility is not required anyhow).
Therefore, we propose:
Proposal 1: In Rel-18, for multicast reception by UEs in RRC_INACTIVE state, RAN2 adopts a mixed mode option, where:
· A UE is provided with the full MCCH information (i.e., SIB20 + MCCH content) of only the cells of the same gNB (intra-gNB cells) via the RRC release message with suspendConfig,
· The UE in RRC_INACTIVE state can start receiving the multicast data, e.g., when going from RRC_CONNECTED to RRC_INACTIVE state after initial cell selection tocell or after reselecting a cell for which UE has been provided configuration (limited to intra-gNB case from the cell where UE was released to RRC_INACTIVE state),
· The UE still monitors SIB20/MCCH for possible changes in multicast configuration and when UE does not have configuration via suspendConfig.
Proposal 2: Note that a UE in RRC_INACTIVE state that joined successfully via NAS signalling to an MBS session shall monitor SIB20/MCCH for that particular TMGI.
2.2	Management of Delivery Mode
Several elements are needed to be considered to manage the delivery of the multicast service to the UEs in RRC_INACTIVE state. This section will include the details on how those elements can be efficiently operating in a cell providing a service to the UEs in RRC_INACTIVE state.
Indication of Multicast Session Activation/Deactivation to UEs in RRC_INACTIVE State
The following agreements were made in RAN2#119bis-e meeting on multicast session activation/deactivation:
Rel-18 UE in INACTIVE can be informed when the session is activated (Details FFS).
As a baseline, group paging can be used to inform Rel-18 UE(s) about the session activation (Details FFS, e.g., UE behavior when receiving such group notification).

For activation of an MBS session, RAN2 agreed that the group paging can be used similar to Rel-17. However, in Rel-18 multicast, if the gNB decides to use the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state for Rel-18 UEs, those UEs which are already in RRC_INACTIVE state don’t need to transition to RRC_CONNECTED state to receive the multicast, as those can already receive the multicast session in RRC_INACTIVE state. Therefore, means shall be provided to avoid transitioning the Rel-18 UEs in RRC_INACTIVE state to RRC_CONNECTED state after group paging, in case the gNB decides to use the delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state.
This issue was discussed, and the following was agreed in the last meeting:
FFS how UE determines whether it can receive the multicast session in RRC_INACTIVE or not when the session is activated, taking into account the following solutions (can further update the descriptions if needed, and several solutions may be needed, some solutions may apply only for certain configuration options)
		1. When the multicast session is activated, UE can receive the multicast session in RRC_INACTIVE 		if the PTM configuration used in RRC_INACTIVE for the session is available to the UE and the 		UE has joined the session already (e.g., configuration provided to UE via dedicated RRC signaling 		or via MCCH), otherwise it goes back to RRC_CONNECTED to receive the multicast session.  
		2. When the multicast session is activated, UE is indicated by group paging whether it can receive 		the	multicast session in RRC_INACTIVE or not (detailed signaling FFS).
		3. UE is configured "whether it can receive the multicast session in RRC_INACTIVE" by 				dedicated signaling before UE is released. When the multicast session is activated, UE stays in 			RRC_INACTIVE or resumes RRC connection accordingly (detailed signaling FFS).

In our view, some variation of all three options above are relevant for proper operation of different options (dedicated signalling and SIB/MCCH-based methods). 
Note that for Rel-17 UEs, group-paging would anyway be there when the session is activated. 
Observation 1: Group-paging would be there when the session is activated for Rel-17 UEs that can be in RRC_INACTIVE/IDLE state, and the group-paging can also be obtained by Rel-18 UEs in RRC_INACTIVE state.
In our view, the group paging message can easily be enhanced with an indication that the Rel-18 UEs can stay in RRC_INACTIVE state and start receiving the multicast transmission. For dedicated signalling approach (Option-1), this would mean that the UE applies the multicast configuration directly, whereas for the SIB/MCCH-based method (Option-2 or -2bis), this would be an indication to start reading MCCH. If this indication is not present in the group-paging message, group-paging would guide the UEs to RRC_CONNECTED state, which then would be served by the Rel-17 delivery method of multicast. 
Without enhancing the group paging message, a Rel-18 UE will get confused when seeing a group-paging message for Rel-17 UEs: should the UE move to RRC_CONNECTED or should it stay in RRC_INACTIVE. 
Moreover, for Option-1 above with dedicated signalling approach, it would be impossible to get any Rel-18 UE to RRC_CONNECTED state with group-paging as the UE would assume the paging is for activation of reception in RRC_INACTIVE state. Therefore, for any updates of any configuration that the UE has, group-paging would not be feasible without any enhancements.
Proposal 3: Group paging message is enhanced to enable RRC_INACTIVE UEs to stay in RRC_INACTIVE state, in case the gNB is to provide the multicast service with the delivery mode that enables the reception of a multicast session in a cell by the UEs in RRC_INACTIVE state.
Moreover, additional mechanisms are needed in addition to group paging for indication of activation/deactivation of a multicast session to UEs in RRC_INACTIVE state. For example, a UE in RRC_INACTIVE state may be out of the service area of the multicast session initially, but then may go into a cell within the service area. This UE may have missed the group paging performed by the gNB (as above).

Observation 2: A UE in RRC_INACTIVE state may be out of the service area of the multicast session initially, but then may go into a cell within the service area. This UE may have missed the group paging performed by the gNB.

For a pure dedicated signalling approach, such UE would be unaware whether the service is active/deactive. For the SIB/MCCH-based approach we propose in this document, the UE can check SIB/MCCH to see whether the configuration of the multicast service is there. There are two possibilities:
1- SIB/MCCH contains the configuration of the multicast session: In this case, the UE would understand the session is active and it can receive the service in RRC_INACTIVE state.
2- SIB/MCCH does not contain the configuration of the multicast session. Therefore, either the service shall be deactive, or the service is provided only to the UEs in RRC_CONNECTED state, e.g., audience size is small, therefore, gNB decides on Rel-17 multicast delivery method. 

To overcome above mentioned problem for both dedicated signalling and SIB/MCCH methods, an indication can be provided in SIB20, indicating whether a service is active/deactive. The indication should be in SIB20 rather than MCCH in order to reduce the time UE needs to receive the information (faster reading by the UE, as MCCH would require reading SIB20 first).

Proposal 4: An indication is provided in SIB20, indicating whether a service is active or deactive.
QoS Control
It is to be noted that, due to lack of feedback in the RRC_INACTIVE state (e.g., no HARQ feedback), the gNB cannot monitor/estimate the QoS of the multicast service for UEs in RRC_INACTIVE state. RAN2 should consider how can UE/NW recover from the scenario that UE in RRC_INACTIVE does not receive multicast service with sufficient QoS.
One way to monitor the QoS of UEs in RRC_INACTIVE state – and eventually improve -  is that the gNB can configure the UE with QoS threshold levels (e.g., set of QoS metrics that the UE monitors while in RRC_INACTIVE state) such that whenever an RRC_INACTIVE UE experiences a QoS worse than the configured threshold, UE may come back to RRC_CONNECTED state. By varying the QoS threshold levels, the gNB may also manage the trade-off between the QoS improvement of the RRC_INACTIVE UEs and high number of RRC_CONNECTED UEs.   
Proposal 5: UEs can be configured with QoS threshold levels (e.g., set of QoS metrics that the UE monitors while in RRC_INACTIVE state) such that whenever an RRC_INACTIVE UE experiences a QoS worse than the configured threshold, UE can come back to RRC_CONNECTED state.

2.3 Dual Delivery Mode Operation in Cell
Delivery of Multicast Data to UEs in RRC_CONNECTED and RRC_INACTIVE State
In some practical deployments, there may be Rel-17 and Rel-18 UEs together that would receive the same multicast service in a cell. In such a case, the Rel-17 UEs can only receive the multicast in RRC_CONNECTED state, as they would not be supporting multicast reception in RRC_INACTIVE state. However, still, there may be significant amount of Rel-18 UEs in the cell, and the gNB may prefer to send them to RRC_INACTIVE for scalability reasons or in order to make them save power, while receiving the multicast transmission in RRC_INACTIVE state. 
Moreover, there may be some scenarios, e.g., due to UE preference, where the gNB decides to keep some number of Rel-18 UEs in RRC_CONNECTED and provide Rel-17 multicast delivery, and serve some other Rel-18 UEs in RRC_INACTIVE state for the same multicast service.
In the first RAN2 meeting on this agenda item, the following agreements were made [2]:
It is supported that gNB transmit one multicast session to both UEs in CONNECTED and INACTIVE in the same cell. FFS how the gNB configures this.
The following is taken as baseline: we assume the same PDCCH/PDSCH resources (e.g. resources used for MTCH) can be used for all UEs (including UEs in CONNECTED and/or INACTIVE states) for receiving the same multicast session. Different configuration/resources are not precluded as well. FFS what exactly can be common and what not (e.g. HARQ, SPS etc.) and what is needed in addition (to legacy PTM config).
A dual delivery mode, i.e., a cell transmitting a multicast MBS session to both UEs in RRC_CONNECTED and RRC_INACTIVE state, can be considered for multicast services delivery regardless of UE RRC states, where for the “dual delivery mode” there are: 
· A single multicast data payload (group common PDSCH) transmission for both RRC_CONNECTED and RRC_INACTIVE UEs,
· Link adaptation for multicast delivery that is based on the UEs feedback that are in RRC_CONNECTED state.

In our view, there are two different options how PDCCH(s) can be delivered to the UEs receiving in different RRC states that schedules the same PDSCH transmission:
1. Option 1- Two (simultaneous) DCIs with associated group common PDCCH transmissions corresponding to the same group common PDSCH transmission; one for UEs receiving in RRC_CONNECTED (e.g., with HARQ-feedback fields), and another one for UEs receiving in RRC_INACTIVE (e.g., without the DCI fields for HARQ-feedback). 
2. Option 2- One DCI with associated group common PDCCH transmission corresponding to the same group common PDSCH transmissions, received both by UEs in RRC_CONNECTED and RRC_INACTIVE.
In the following table, we compare the advantages/disadvantages of these possible options:

	
	Option 1 (Two DCIs that schedule a single PDSCH)
	Option 2 (Single DCI that schedules a single PDSCH)

	Standardization Impact

	DCI format 4_0 and corresponding PDCCH configurations of Rel-17 broadcast can be reused to deliver the multicast service to UEs in RRC_INACTIVE state; whereas DCI 4_1/4_2 and corresponding PDCCH configurations of Rel-17 multicast can be reused to deliver the same service and TB to the UEs in RRC_CONNECTED.
Minimal specification impact is expected.
RRC_INACTIVE UEs do not need to decode DCI formats 4_1/4_2.
	DCI format 4_1/4_2 shall be the baseline, as DCI format 4_0 lacks some necessary fields for UEs in RRC_CONNECTED state, e.g., HARQ scheduling information (note that Rel-17 UEs shall not be impacted).
Some fields in DCI 4_1/4_2 shall be ignored by a UE receiving multicast in RRC_INACTIVE state, however, the size of the DCI (and size of configurable fields of DCI format 4_2) should be aligned among all the UEs.
Standardization impact is not minimal.

	Efficiency
	Two PDCCH transmissions are needed to schedule one PDSCH. Less efficient than Option 2.
	One PDCCH transmission to schedule one PDSCH. More efficient than Option 1.

	BWP Considerations
	CFR/CORESET for multicast reception by UEs in RRC_CONNECTED state should be aligned with the CFR/CORESET for multicast reception by UEs in RRC_INACTIVE state. 
Scenarios where such overlap is not possible would require the transmission of the same PDCCH/PDSCH more than once in the cell, which shall be avoided.
Therefore, two separate DCIs/PDCCHs would not be required in this regard. Option 1 does not have an advantage over Option 2.
	No disadvantage compared to Option 1, when discussions on the left are considered.



Proposal 6: An LS should be sent to RAN1 on the scheduling PDCCH design for dual delivery mode, i.e., how UEs in RRC_CONNECTED and RRC_INACTIVE state can receive the same PDSCH for multicast. 
Enabling/disabling of Multicast Data Delivery to UEs RRC_INACTIVE State
Rel-17 multicast delivery mode provides significant benefits to the UE compared to reception of multicast in RRC_INACTIVE state, as it offers HARQ feedback that can feed MCS selection and enable retransmissions. Moreover, if the reception of a multicast session by the UEs in RRC_INACTIVE is enabled, the gNB should perform beam-sweeping similarly to any broadcast channels, as the gNB would not be aware under which beam the UE is located, which decreases spectral efficiency compared to Rel-17 mechanism where the gNB is aware of the location of the UE within beam accuracy (and does not transmit data multiple times in different beams). 
Observation 3: Rel-17 multicast delivery mode provides significant benefits to the UE compared to reception of multicast in RRC_INACTIVE state, as it offers HARQ feedback that can feed MCS selection and enable retransmissions.
Observation 4: If the reception of a multicast session by the UEs in RRC_INACTIVE is enabled, the gNB should perform beam-sweeping, as the gNB would not be aware under which beam the UE is located, which may decrease spectral efficiency compared to Rel-17 mechanism where the gNB is aware of the location of the UE (and not transmit data multiple times in different beams). 
Therefore, a gNB shall be able to decide when to disable the reception of the multicast data by the RRC_INACTIVE UEs (or at least to a part of those UEs), and switch them to RRC_CONNECTED state, if the number of UEs in the cell receiving multicast transmission is relatively low and their return to RRC_CONNECTED state would not affect scalability.
Moreover, delivery of multicast data to the UEs in RRC_INACTIVE should not always be "enabled", Even if RAN2 decides to have same PDCCH/PDSCH transmissions are used, still additional signalling is needed in SIB/MCCH to provide several information elements for proper operation, as discussed in Sec. 2.1. In addition, if the delivery of multicast data by the UEs in RRC_INACTIVE state is always enabled, gNB cannot control to get a newcomer UE in RRC_INACTIVE state to the cell to RRC_CONNECTED when needed, which is more beneficial for such a UE in terms of reliability and spectral efficiency. Furthermore, enabling reception of the multicast by the UEs in RRC_INACTIVE state would require beam-sweeping, which decreases the spectral efficiency of the system. Therefore, dual delivery mode shall be enabled based on the decision of the gNB, i.e., not always on.
Observation 5: Following drawbacks are there if the the delivery mode that enables the reception of a multicast session in a cell by the UEs in RRC_INACTIVE state is always enabled:
	1- Enabling reception of the multicast by the UEs in RRC_INACTIVE state would require beam-sweeping, which 	decreases the spectral efficiency of the system.
	2- Additional signalling is needed in SIB/MCCH to provide several information elements, in case SIB/MCCH-based 	solution is used.
	3- gNB cannot control to get a newcomer UE in RRC_INACTIVE state to the cell to RRC_CONNECTED when 	needed, which is more beneficial for such a UE in terms of reliability and for the gNB in terms of spectral 	efficiency.
Proposal 7: The delivery mode that enables reception of a multicast session in a cell by the UEs in RRC_INACTIVE state is enabled/disabled based on the decision/need of the gNB.
For this decision, a gNB that uses delivery of multicast session to the UEs in RRC_INACTIVE state should estimate periodically the number of UEs in RRC_INACTIVE state in the cell that are receiving a multicast service, if the MBS multicast session is active. Therefore, some sort of mechanism is required to evaluate the number of UEs receiving a multicast session in RRC_INACTIVE state in a cell. 
Observation 6: A gNB that uses a delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state needs to estimate periodically the number of UEs in the cell that are receiving a multicast service in RRC_INACTIVE state in order to be able to adapt to the changing audience size.
Proposal 8: A procedure should be introduced to count the number of UEs in RRC_INACTIVE with active multicast session.
For the gNB to be able to count the number of UEs receiving a particular MBS session in RRC_INACTIVE state, either the UEs need to reconnect to the network each time for counting purposes, or an efficient mechanism shall be developed to enable resource/power efficient periodic counting. In our view, the latter is needed, and that mechanism would require UEs to transmit information in RRC_INACTIVE state (e.g., using RACH resources). Therefore, RAN2 should send an LS to RAN1 to develop the needed functionality and corresponding requirements that RAN2 sees needed for such a mechanism. 
In practice the gNB would need to have sufficient information to decide multicast delivery mode, i.e., basically the gNB would need to know if there is significant population of UEs requiring multicast delivery in RRC_INACTIVE mode, but there is no need to know exact number of UEs.
Proposal 9: RAN2 sends an LS to RAN1 to design a counting mechanism for the UEs in RRC_INACTIVE state receiving a particular multicast service.


3	Conclusion
This document has made the following observations:
Observation 1: Group-paging would be there when the session is activated for Rel-17 UEs that can be in RRC_INACTIVE/IDLE state, which can also be obtained by Rel-18 UEs in RRC_INACTIVE state.
Observation 1: Group-paging would be there when the session is activated for Rel-17 UEs that can be in RRC_INACTIVE/IDLE state, which can also be obtained by Rel-18 UEs in RRC_INACTIVE state.
Observation 2: A UE in RRC_INACTIVE state may be out of the service area of the multicast session initially, but then may go into a cell within the service area. This UE may have missed the group paging performed by the gNB.

Observation 3: Rel-17 multicast delivery mode provides significant benefits to the UE compared to reception of multicast in RRC_INACTIVE state, as it offers HARQ feedback that can feed MCS selection and enable retransmissions.
Observation 4: If the reception of a multicast session by the UEs in RRC_INACTIVE is enabled, the gNB should perform beam-sweeping, as the gNB would not be aware under which beam the UE is located, which may decrease spectral efficiency compared to Rel-17 mechanism where the gNB is aware of the location of the UE (and not transmit data multiple times in different beams). 
Observation 5: Following drawbacks are there if the the delivery mode that enables the reception of a multicast session in a cell by the UEs in RRC_INACTIVE state is always enabled:
	1- Enabling reception of the multicast by the UEs in RRC_INACTIVE state would require beam-sweeping, which 	decreases the spectral efficiency of the system.
	2- Additional signalling is needed in SIB/MCCH to provide several information elements, in case SIB/MCCH-based 	solution is used.
	3- gNB cannot control to get a newcomer UE in RRC_INACTIVE state to the cell to RRC_CONNECTED when 	needed, which is more beneficial for such a UE in terms of reliability and for the gNB in terms of spectral 	efficiency.

Observation 6: A gNB that uses a delivery mode that enables the reception of a multicast MBS session in a cell by the UEs in RRC_INACTIVE state needs to estimate periodically the number of UEs in the cell that are receiving a multicast service in RRC_INACTIVE state in order to be able to adapt to the changing audience size.

And proposed the following:
Proposal 1: In Rel-18, for multicast reception by UEs in RRC_INACTIVE state, RAN2 adopts a mixed mode option, where:
· A UE is provided with the full MCCH information (i.e., SIB20 + MCCH content) of only the cells of the same gNB (intra-gNB cells) via the RRC release message with suspendConfig,
· The UE in RRC_INACTIVE state can start receiving the multicast data, e.g., when going from RRC_CONNECTED to RRC_INACTIVE state after initial cell selection tocell or after reselecting a cell for which UE has been provided configuration (limited to intra-gNB case from the cell where UE was released to RRC_INACTIVE state),
· The UE still monitors SIB20/MCCH for possible changes in multicast configuration and when UE does not have configuration via suspendConfig.
Proposal 2: Note that a UE in RRC_INACTIVE state that joined successfully via NAS signalling to an MBS session shall monitor SIB20/MCCH for that particular TMGI.
Proposal 3: Group paging message is enhanced to enable RRC_INACTIVE UEs to stay in RRC_INACTIVE state, in case the gNB is to provide the multicast service with the delivery mode that enables the reception of a multicast session in a cell by the UEs in RRC_INACTIVE state.
Proposal 4: An indication is provided in SIB20, indicating whether a service is active or deactive.
Proposal 5: UEs can be configured with QoS threshold levels (e.g., set of QoS metrics that the UE monitors while in RRC_INACTIVE state) such that whenever an RRC_INACTIVE UE experiences a QoS worse than the configured threshold, UE can come back to RRC_CONNECTED state.
Proposal 6: An LS should be sent to RAN1 on the scheduling PDCCH design for dual delivery mode, i.e., how UEs in RRC_CONNECTED and RRC_INACTIVE state can receive the same PDSCH for multicast. 
Proposal 7: The delivery mode that enables reception of a multicast session in a cell by the UEs in RRC_INACTIVE state is enabled/disabled based on the decision/need of the gNB.
Proposal 8: A procedure should be introduced to count the number of UEs in RRC_INACTIVE with active multicast session.
Proposal 9: RAN2 sends an LS to RAN1 to design a counting mechanism for the UEs in RRC_INACTIVE state receiving a particular multicast service.
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