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Introduction
This contribution further discusses the open issues related to session state change notifications and RRC state transitions.
The contribution is organized as the following. In section 2, we discussed the necessary signaling for RRC state transition between RRC_CONNECTED and RRC_INACTIVE state. In section 3, we discuss the notification mechanism for session state change and also inactive multicast reception on/off. In section 4, we provided an overview on the R18 group paging message design.The proposals are summarized in section 5.
RRC state transitions
Transition from RRC_CONNECTED to RRC_INACTIVE
Previously the following has been agreed, according to [1],
	Dedicated RRC signalling (i.e. RRC release message with suspendConfig) is used for switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE and continue multicast reception (details FFS).


Here the difference compared with Rel-17 is that when a Rel-17 UEs that has been receiving the multicast session is released to INACTIVE, it assumes that either the session has been deactivated or there is currently no data to receive, and if the situation changes it will receive group paging. For Rel-18, the case that is being discussed here is the UE has been receiving the multicast session, but network may want to move it to INACTIVE and continue with the multicast reception. So this is different from Rel-17, and we need to discuss how network indicates so to the UE. In our view, there are two possible options,
Option 1: explicit indication (i.e., 1-bit flag)
In option 1, based on the indication in RRC release message, UE determines whether multicast reception should be continued when UE is in RRC_INACTIVE.
Option 2: implicit indication via the presence of the PTM configuration
In option 2, if PTM configuration is included in RRC release message, UE knows that the multicast reception can be continued when UE is in RRC_INACTIVE. With this option, it basically restricts the gNB to always include PTM configuration in RRC release message, if it wants to indicate the above mentioned state change to the UE. In our view such restriction is not needed as UE can also acquire PTM configuration from MCCH and then continue the multicast reception in INACTIVE state. So it should be up to network implementation on whether to provide PTM configuration in RRC release.
The on the granularity of the indication, it is necessary to indicate  it per multicast session as UE may have joined multiple sessions and not all the session  necessarily supports inactive reception.  
Another question is whether such indication can also be used to UE which was not receiving multicast in CONNECTED state(e.g a UE enters CONNECTED for joining the session and then after the join procedure gNB may move it to INACTIVE directly for multicast reception). As we discussed in the later section (section 3.2, 3.3), group paging are used for session activation/inactive reception notification and session deactivation notification. For a UE joined the multicast session later, it cannot be aware of the current session state via group paging as the gNB is not sending group paging anymore at that time.so UE cannot determine whether to decode MTCH (i.e. monitor the G-RNTI) when it is release to INACTIVE state. One simple way is to indicate it in RRC release. i.e., when a new UE enters CONNECTED state to join the multicast session, NW can also indicate UE whether to receive multicast in INACTIVE state in RRC release message after session join procedure is done, based on the current session state. If the session is activated and inactive multicast reception is on, in RRC release message gNB indicates UE to start the multicast reception in INACTIVE state. If the session is deactivated, In RRC release message gNB will not indicate UE to start the multicast reception in INACTIVE state.
Therefore, it is proposed,
Proposal 1: When moving a UE from RRC_CONNECTED to RRC_INACTIVE, UE is indicated per multicast session in the RRCRelease message that,
- Continue/start the multicast reception in RRC_INACTIVE, or
- Only monitor group paging in RRC_INACTIVE.
Transition from RRC_INACTIVE to RRC_CONNECTED
Previously the following has been agreed, according to [1],
	It is assumed the network can choose which UEs receive in RRC INACTIVE and which in RRC Connected and can move UEs between the states for Multicast service reception.


And then it was also agreed that group paging can be used to switch UEs receiving multicast from RRC_INACTIVE to RRC_CONNECTED, and UEs continue the multicast reception in CONNECTED,
	For both option 1 and option 2, as a baseline, group paging can be used to switch UEs receiving multicast from RRC_INACTIVE to RRC_CONNECTED, and UEs continue the multicast reception in CONNECTED. FFS if there is any potential issue if Rel-17 group paging is reused. FFS if there are other cases when UE triggers resume. FFS if MCCH can also be used in case of option 2.


Regarding the FFS on whether there is any issue if Rel-17 group paging is reused for moving UE to CONNECTED to continue the multicast reception, we see no issue to use R17 group paging to move all multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED. In R17 MBS, a UE in INACTIVE state will resume the RRC connection when receive the R17 group paging. The expected behavior of R18 UE when it is paged for transiting to CONNECTED to continue the multicast reception is same as R17 UE, so the R17 group paging can be reused for this case in R18 MBS.
One may argue that the Rel-17 group paging may not be efficient or flexible when gNB only wants to address a subset of all the UEs. In many cases the changes in the system load is gradual, and gNB may want to switch only a portion of all the UEs receiving multicast from RRC_INACTIVE to RRC_CONNECTED. There are different possible solutions to this issue. 
Option 1：gNB sends the R17 group paging on some of all the available POs.
If gNB only sends the R17 group paging on some of all the available POs, the only the UEs on the corresponding POs can receive the paging message and then transit to CONNECTED state.
Observation 1: To move some of the multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED, gNB can choose to send R17 group paging message on subset of the available POs.
Option 2: UEs are divided into groups, the group paging message can address the specific group(s).
With option 2, if gNB wants to move UE belongs to one or multiple groups to CONNECTED, it can include UE group index(s) in group paging message. Option 2 has more spec impact. i.e., UE needs to be configured with the group configuration in advance. And group paging message needs enhancement to include the group index.
Option 3: Specify a rule at UE side for UEs selection
With option 3, no additional UE information is needed in group paging message, but UE decides whether to move to CONNECTED if the rule is met. Option 3 is complicated and gNB cannot control how many UEs to be moved to CONNECTED in an accurate way.
As above, option 1 can be only up to NW implementation and has no any spec impact, so it is preferred.
Therefore, it is proposed,
Proposal 2: To move multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED, R17 group paging can be reused. It is up to network implementation to send it on subset or all of the available POs.
Furthermore, it is straightforward that legacy individual paging can also be used if gNB want to move one or some certain UEs to CONNECTED state to continue the multicast reception.
Proposal 3: Legacy individual paging can be used to move certain multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED.
Notifications
Session activation
The following has been agreed for session activation to R18 UEs in previous meeting, according to [1],
	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).


But for how UE determines whether it can receive the multicast session in RRC_INACTIVE or not when the session is activated, it is still FFS and several options are on the table.
	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).



A comparison between Option 1, Option 2, and Option 3 above is provided in table 1 as below,
Table 1
	Option
	Feasibility
	Pros
	Cons

	Option 1
	Yes
	NA
	1. It will mandate UE to re-read MCCH even though MCCH does not change and UE has stored PTM configuration for the concerned multicast session. 
2. Option 1 means that UEs in INACTIVE state may stay in INACTIVE when receiving R17 group paging (i.e. for session activation). However, to avoid potential compatibility issue, it is preferred that the behavior of R18 UE and R17 UE are same when receiving the R17 group paging. 

	Option 2
	Yes
	1. It enables gNB to control the inactive reception dynamically.
2. Small spec impact as it is easy to enhance based on R17 group paging message. 
3. It is beneficial to UE power consumption as UE needs not to blindly decode MCCH before session activation.
	NA

	Option 3
	No
	NA
	Option 3 is not feasible as there is an issue on the valid area of the static configuration (i.e. "whether it can receive the multicast session in RRC_INACTIVE").
There are two alternatives on the valid area of the static configuration (i.e. "whether it can receive the multicast session in RRC_INACTIVE").One is to configure it separately in each cell, another one is to use same static configuration among multiple gNBs (e.g. in all gNB in the RNA). It is not motivated for all gNBs to use same configuration for UEs and the network interface design will be complex from solution perspective. So the static configuration should be configured separately on each cell.
As the static configuration may be different on different cell, UE needs to enter CONNECTED state to acquire the static configuration of the new cell after each cell reselection. It is not preferred as it defeats the benefit of supporting multicast reception in INACTIVE. 


Based on above, option 2(i.e. When the multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not) is preferred.
Therefore, it is proposed,
Proposal 4: When the multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not.
Session deactivation
For session deactivation, the following has been agreed,
	If a UE is in RRC_INACTIVE and is configured to receive a multicast session in RRC_INACTIVE, the UE may be notified when the multicast session is deactivated. FFS how (e.g., informed via group paging, MCCH, or other ways).


In R17 MBS, UE may be moved to RRC_INACTIVE state when there is temporarily no data or when an MBS multicast session is deactivated, then UE will stop G-RNTI monitoring and only monitor group paging in RRC_INACTIVE state. So the event “temporarily no data” and “session deactivation” are treated the same way by UE and by gNB. The same principle can also apply to R18 MBS. i.e., if a R18 UE is in RRC_INACTIVE and is configured to receive a multicast session in RRC_INACTIVE, the UE is notified in the same way when the multicast session is deactivated or when there is temporarily no data. Furthermore, since “temporarily no data” is decided by gNB but “session deactivation” is triggered by CN, it is possible that session deactivation may happen after UE was notified by group paging due to no data. In this case, there is no need to for gNB to notify the session deactivation to UE again as UE has already stopped G-RNTI monitoring when received the notification due to temporarily no data. 
Observation 2: R18 UE in RRC_INACTIVE needs to be notified about the temporarily no data or session deactivation in the same way.
For the mechanism to notify session deactivation/no data to R18 UEs in RRC_INACTIVE state, the possible options are as following.

Option 1: Indication in group paging
When there is temporarily no data or when a session is to be deactivated, gNB may send group paging and indicate the deactivation state for the concerned multicast session ID (i.e. via TMGI).

Option 2a: indication of the session state (e.g. active or inactive) on MCCH
With option 2, UE needs to read the MCCH if the session state changes for any ongoing multicast session.it causes frequent MCCH change and increases the UE power consumption.

Option 2b: Implicitly indicated by the presence of PTM configuration on MCCH
With Option 2b, the PTM configuration is removed from MCCH when there is temporarily no data or when the session is deactivated. Later PTM configuration is included in MCCH again when the session is re-activated. That means UE need to read MCCH twice upon session deactivation/re-activation. It is not necessary as typically the PTM configuration does not change during the session deactivation period. So it causes unnecessary frequent MCCH change and UE power consumption, similar as option 2a. 
Therefore, it is proposed,
Proposal 5:In case of temporary no data or session deactivation, UE in RRC_INACTIVE can be indicated to stop G-RNTI monitoring via group paging.
Inactive multicast reception on/off
Notification of switching off inactive multicast reception
When gNB switches off the inactive multicast reception, UE is supposed to enter CONNECTED state and then receive the multicast in CONNECTED state under network control. It is sufficient to use R17 group paging message for such purpose.
Observation 3:Upon the switching off of the inactive multicast reception for a ongoing multicast session, R17 group paging can be used to inform UE to resume RRC connection.
Upon switching off the inactive mutlicast reception, the PTM config of the session should be removed from MCCH.
UE can enter CONNECTED state autonomously when UE notices such MCCH change in case UE has not received the group paging yet.
Observation 4: Upon switching off the inactive multicast reception, the PTM config of the session is  supposed to be removed from MCCH.
Proposal 6: UE in RRC_INACTIVE detemines that the inactive multicast reception is switched off and resumes the RRC connction if it receives the R17 group paging, or detects the removal of PTM configuration in MCCH.
[bookmark: _GoBack]Notification of switching on the inactive multicast reception
Regarding how to inform UE in INACTIVE state when gNB switch on the inactive multicast reception,there are different cases to consider seperately,
Case 1:The session is not in active state
In this case,UE only need to know the inactive multicast reception is enabled when the session is to be activated,then the issue to solve is same as the issue discussed in section 3.1(i.e. how UE determines whether it can receive the multicast session in RRC_INACTIVE or not when the session is activated).
Thus,no extra mechanism is needed in addition to the solution proposed in section 3.1.
Case 2:The session is in active state
If the session is in active state when gNB switches on the inactive multicast reception.we assume all UEs joined the multicast session should already be receiving multicast in CONNECTED state.Thus no extra notification mechanism is needed as UEs in CONNECTED are controlled by gNB via dedicated RRC signalling.
Proposal 7: For notification of inactive mutlicast reception ON,the following understanding is confirmed,
· If the session is not in active state, UE in RRC_INACTIVE is indicated by group paging whether it can receive the multicast session in INACTIVE or not (i.e., the same indication for inactive multicast reception upon session activation). 
· If the session is in active state, UE is in RRC_CONNECTED and is indicated by dedicated signalling whether it can receive the multicast session in RRC_INACTIVE or not (i.e., the same indication for moving a UE from RRC_CONNECTED to RRC_INACTIVE to continue the multicast reception).
Group paging message design
As discussed in section 2 and section 3 in this paper, group paging can be used in R18 MBS for multiple purposes (i.e. session state change notification, or for moving UE in INACTIVE state to CONNECTED to continue multicast reception), it can be summarized as following,
1. For session state change notification(i.e.R18 group paging is used):
· Notification of session activation and indication on whether it can/cannot be received in INACITVE (according to P5 in section 3.1).
· Notification of temporarily no data or Session deactivation (according to P6/P7 in section 3.2).
2. For moving UE receiving multicast to connected when the session is in active state(i.e.R17 group paging is used)
· Switch off the Inactive multicast reception (according to P8 in section 3.3).
· Move multicast receiving UEs to CONNECTED state to continue the multicast reception (according to P2 in section 2.2).
3. For R17 connected multicast purpose(i.e.R17 group paging is used)
-Move UE in INACTIVE to CONNECTED state when session is activated or temporarily no data.
Based on above, it is proposed,
Summary: Based on R17 group paging message, R18 group paging additionally includes the following information per TMGI,
· Indication on whether the inactive reception is enabled
· Indication of the session state change (e.g. activation, no data/deactivation)
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2 and 3, our main conclusions are summarized as follows:
RRC state transitions
Proposal 1: When moving a UE from RRC_CONNECTED to RRC_INACTIVE, UE is indicated per multicast session in the RRCRelease message that,
- Continue/start the multicast reception in RRC_INACTIVE, or
- Only monitor group paging in RRC_INACTIVE.
Observation 1: To move some of the multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED, gNB can choose to send R17 group paging message on subset of the available POs.
Proposal 2: To move multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED, R17 group paging can be reused. It is up to network implementation to send it on subset or all of the available POs.
Proposal 3: Legacy individual paging can be used to move certain multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED.
Notifications
Proposal 4: When the multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not.
Observation 2: R18 UE in RRC_INACTIVE needs to be notified about the temporarily no data or session deactivation in the same way.
Proposal 5:In case of temporary no data or session deactivation, UE in RRC_INACTIVE can be indicated to stop G-RNTI monitoring via group paging.
Observation 3:Upon the switching off of the inactive multicast reception for a ongoing multicast session, R17 group paging can be used to inform UE to resume RRC connection.
Observation 4: Upon switching off the inactive multicast reception, the PTM config of the session is  supposed to be removed from MCCH.
Proposal 6: UE in RRC_INACTIVE detemines that the inactive multicast reception is switched off and resumes the RRC connction if it receives the R17 group paging, or detects the removal of PTM configuration in MCCH.
Proposal 7: For notification of inactive mutlicast reception ON,the following understanding is confirmed,
· If the session is not in active state, UE in RRC_INACTIVE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not (i.e., the same indication for inactive multicast reception upon session activation). 
· If the session is in active state, UE is in RRC_CONNECTED and is indicated by dedicated signalling whether it can receive the multicast session in RRC_INACTIVE or not (i.e., the same indication for moving a UE from RRC_CONNECTED to RRC_INACTIVE to continue the multicast reception).
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