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Introduction
In RAN2#119-e meeting, some initial agreements [1] were reached on multicast reception in RRC_INACTIVE, and candidate solutions for PTM configuration have been further discussed in the post email discussions [2].
[bookmark: OLE_LINK1]This contribution discusses the open issues related to Multicast reception in RRC_INACTIVE. The contribution is organized as the following. Section 2 discusses PTM configuration aspects, Section 3 discuses mobility. Section 4 provides some discussions on RRC state transitions. Section 5 discusses notification of session state change. The proposals are summarized in Section 6. 
PTM configuration(s) delivery
Regarding on how to deliver multicast configuration to UE in RRC_INACTIVE, the following have been agreed:
	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


Then in the post-meeting email discussions, the descriptions/issues of Option 1 and 2 have been discussed. The following table provides detailed analysis on these two options. 
Table 1 Further analysis of the Option 1 and 2
	
	Option 1
	Option 2

	Resource/signaling load
	High
Dedicated resource/signaling used for configuration delivery to each UE
	Low
Shared resource/signaling used for configuration delivery to the UEs

	PTM configuration update
	Issue in the cases with high number of UEs
If a large number of UEs need PTM configuration update ,there is critical issue in RACH congestion/system load
	No issue
UEs can obtain the updated PTM configuration from MCCH, no need to trigger RRC Resume

	PTM configuration for neighbor cell
	Optimization required
It is essential to support PTM configuration applicable area, otherwise UE triggers RRC connection resume upon each cell change
	Optimization is not required
PTM configuration applicable area is not essential, UE can read MCCH from target cell directly, no need to trigger RRC Resume

	Availability of PTM configuration without  joining the session
	Yes
If a UE once joined but has already left the session, it can still keep the PTM configuration that was acquired previously
	Yes
UEs can obtain the PTM configuration from MCCH


Among the aspects shown in Table 1, the first 3 clearly shows that Option 2 is a better choice from performance point of view. Regarding the last aspect, it is noted that for both options the configuration may be available to the UE regardless whether UE has joined the session or not previously. Also, in our view from RAN perspective there is no big issue in terms of security since application layer enables the security protection. 
We therefore have a preference on Option 2, which is reflected in the following. 
Observation 1: For option 1, Resource/signaling load is high.
Observation 2: For option 1, there is critical issue in RACH congestion/system load when a large number of UEs in the cell needs PTM configuration update.
Observation 3: For option 1, it is essential to support PTM configuration applicable area, which is not very easy to realize at the network side and requires more discussions in both RAN2 and RAN3.
Observation 4: For both options the PTM configuration may be available to the UE regardless whether UE has joined the session or not previously. Also, from RAN perspective there is no big issue in terms of security since application layer enables the security protection.
Proposal 1: Support Option 2 for PTM configuration delivery for UEs to receive multicast in RRC_INACTIVE.
Mobility
In the previous RAN2 meeting the following were agreed on mobility support 
	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.
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.


In our understanding, the part of condition that ‘the configuration of the new cell is available for the UE’ requires that the new cell allows the UE(s) to receive multicast in INACTIVE. We could discuss in a later stage how the corresponding PTM configuration(s) are made available to the UE(s), but currently one issue is whether it is beneficial to introduce some prioritization to the cells and/or frequencies where UE can receive multicast in INACTIVE in the cell reselection procedure. 
In Rel-17, there are the following mechanism for service continuity: the UE which is receiving or interested to receive MBS broadcast service(s) via PTM and can only receive these MBS broadcast service(s) via PTM while camping on the frequency providing these MBS broadcast service(s) is allowed to make this frequency highest priority when the conditions described in TS 38.304 are met; when the MBS broadcast service(s) which the UE is interested in are no longer available (after the end of the session) or the UE is no longer interested in receiving the service(s), the UE no longer prioritizes the frequency providing these MBS broadcast service(s).
And in Rel-18 we think the following options can be further discussed. 
Proposal 2	The following options can be further discussed for cell reselection when UE is receiving multicast in RRC_INACTIVE 
· Option 1: neighbor cell(s) on which the same multicast session can be received in INACTIVE may be prioritized for cell reselection 
· Option 2: a frequency on which multicast reception in INACTIVE is supported may  be prioritized for cell reselection
· Option 3: no enhancement to the cell reselection
RRC state transitions
Service continuity during RRC states transitions
During transitions between RRC_CONNECTD and RRC_INACTIVE, the service is supposed to be continued after state transition if the UE is receiving multicast before state transition. This should be supported as a general principle.
Proposal 3: Support service continuity when switching RRC state for multicast reception.

It has been agreed that HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE. So ‘data lossless’ transmission needs not to be supported for multicast reception in INACTIVE. Following this, ‘data lossless’ is also not required when switching between RRC_CONNECTD and RRC_INACTIVE states.

Proposal 4: Data lossless transmission is not required when switching RRC state for multicast reception.

State transition from CONNECTED state to INACTIVE state 
In the email discussions [2], the majority’s view is that dedicated RRC signaling (i.e. RRC release message with suspendConfig) is used for switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE. 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, as shown in the following proposal. 
Proposal 5: When switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE, RRC Release message is used, and it is indicated in the message whether multicast reception should be continued when UE is in RRC_INACTIVE. FFS on the following options. 
-	Option 1: explicit indication (i.e., 1-bit flag)
-	Option 2: implicit indication via the presence of the PTM configuration

State transition from INACTIVE state to CONNECTED state 
The following was agreed in last meeting
	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.


In the email discussion [2] the following has been concluded
Common issue 2	How does network switch multicast receiving UE(s) from RRC_INACTIVE to RRC_CONNECTED?
Proposal 4 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.
We further discuss this in the following in several different cases, i.e., switching from INACTIVE to CONNECTED for a single UE, some of the UEs, or all the UEs. 
Case 1: Move one or multiple UE(s) receiving multicast from INACTIVE state to CONNECTED state
To move one or multiple UEs in the same PO to CONNECTED state, it is straightforward to use individual RAN paging. When UE receiving multicast in INACTIVE receives an individual RAN paging (i.e. with I-RNTI), UE triggers the RRC Connection Resume if its UE identity is included in the paging message. Then UE can continue the multicast reception after entering the CONNECTED state. This is already supported in Rel-17.
Proposal 6: Individual RAN paging can be used to selectively move one or multiple multicast receiving UEs from RRC_INACTIVE from RRC_INACTIVE to RRC_CONNECTED.
Case 2: Move all UEs receiving multicast from INACTIVE state to CONNECTED state
As discussed in [2], it is FFS whether Rel-17 group paging can be reused for this case. In our view there is potential issue if Rel-17 group paging is reused to move all UEs receiving multicast from INACTIVE state to CONNECTED state
For example, let us assume Rel-17 group paging is reused, then the Rel-18 UE behaviors in the different cases are:
a) If UE is in INACTIVE and the session is not activated, UE will start multicast reception in INACTIVE if it has valid PTM configuration when receiving the group paging.
b) If UE is in INACTIVE and the session is activated, UE will trigger RRC Connection Resume when receiving the group paging.
If gNB sends Rel-17 group paging for the sake of multicast session activation multiple times (which is typical case in practice), a Rel-18 UE in INACTIVE may receive the same group paging message more than once. If so it is possible a Rel-18 UE do behavior b) above upon receiving the same Rel-17 group paging message which is intended for session activation, which is an error case. In order to avoid such issue we think group paging needs to be enhanced in Rel-18, and this is reflected in the following proposal. 
Proposal 7: To move all multicast receiving UEs from RRC_INACTIVE to RRC_CONNECTED, Rel-17 group paging cannot be reused and enhancements are needed to differentiate the case with session activation.
Notification of session state change
Notification of the session activation and whether the session can be received in INACTIVE
In [2] the following has been concluded
Proposal 6 Rel-18 UE in INACTIVE can be informed when the session is activated (Details FFS).
Proposal 7 Further discuss the following alternatives regarding how UE is indicated whether it can receive the multicast session in RRC_INACTIVE or not when the multicast session is activated:
Alt. 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 (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.  
Alt. 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 (detail signaling FFS).
Other possible alternative(s) if any.

[bookmark: _GoBack]In our view both Alt. 1 and Alt. 2 are workable. But Alt. 2 is more efficient. 
In Alt.1, UE may not already have the PTM configuration used in INACTIVE upon receiving the session activation notification. This means UE may need to obtain the PTM configuration in order to determine whether the configuration is available or not. However, there are cases when network does not provide the PTM configuration, and as a result UE fails to obtain the configuration, and according to Alt. 1 it goes back to CONNECTED to receive the multicast session. We think this mechanism is less efficient as UE is not supposed to read PTM configuration for used in INACTIVE if the session cannot be received in INACTIVE. Therefore we prefer Alt. 2, which is to give indication in the group paging to notify UE whether the session can be received in INACTIVE upon session activation. 
Proposal 8: Group paging is used to notify UE whether the session can be received in INACTIVE upon session activation.

Session deactivation
In [2] the following has been concluded
Observation 1 Majority of the companies see a need to inform UEs in RRC_INACTIVE when a multicast session is deactivated. 
Proposal 8 Further discuss whether UEs in INACTIVE should be informed when the multicast session is deactivated, and if yes what is the solution.
In Rel-17, UE moves to IDLE/INACTIVE and stop G-RNTI monitoring after session is deactivated. In our view, it is not very reasonable not to inform Rel-18 UEs in INACTIVE in the similar situation. This leads to unnecessary UE power consumption. 
In terms of the solution, one possible way is to implicitly indicate it by the deletion of PTM configuration by the network. In our understanding, it is not an efficient way as UE has to re-acquire the PTM configuration again when the session is activated later. So we suggest to have some enhancements to group paging, so that it can indicate session deactivation to Rel-18 UEs that are receiving multicast in INACTIVE. 
Proposal 9: Group paging is used for Session deactivation to UE receiving multicast in INACTIVE.

Session release
In [2] the following has been concluded
Proposal 9 Rel-17 mechanism (NAS-based indication) is applicable for multicast session release, if Rel-18 UEs move from RRC_INACTIVE to RRC_CONNECTED. FFS if any enhancement is needed.
We do not have strong view on this, but from UE power consumption point of view, it is beneficial to notify session release to UE so that UE can stop G-RNTI monitoring once received the notification. With this, there is no need for Rel-18 UEs to move to CONNECTED, which saves signaling and power. So if RAN2 considers enhancements to this direction, the following is suggested. 
Proposal 10: Group paging is used by RAN for session release notification to UE receiving multicast in INACTIVE.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution we discuss several key issues related to multicast reception in RRC_INACTIVE. The following observations and proposals are made based on the discussions.  
PTM configuration aspects
Observation 1: For option 1, Resource/signaling load is high.
Observation 2: For option 1, there is critical issue in RACH congestion/system load when a large number of UEs in the cell needs PTM configuration update.
Observation 3: For option 1, it is essential to support PTM configuration applicable area, which is not very easy to realize at the network side and requires more discussions in both RAN2 and RAN3.
Observation 4: For both options the PTM configuration may be available to the UE regardless whether UE has joined the session or not previously. Also, from RAN perspective there is no big issue in terms of security since application layer enables the security protection.
Proposal 1: Support Option 2 for PTM configuration delivery for UEs to receive multicast in RRC_INACTIVE.

Mobility
Proposal 2	The following options can be further discussed for cell reselection when UE is receiving multicast in RRC_INACTIVE 
· Option 1: neighbor cell(s) on which the same multicast session can be received in INACTIVE may be prioritized for cell reselection 
· Option 2: a frequency on which multicast reception in INACTIVE is supported may  be prioritized for cell reselection
· Option 3: no enhancement to the cell reselection

RRC state transitions
Proposal 3: Support service continuity when switching RRC state for multicast reception.

Proposal 4: Data lossless transmission is not required when switching RRC state for multicast reception.
Proposal 5: When switching a multicast receiving UE from RRC_CONNECTED to RRC_INACTIVE, RRC Release message is used, and it is indicated in the message whether multicast reception should be continued when UE is in RRC_INACTIVE. FFS on the following options. 
-	Option 1: explicit indication (i.e., 1-bit flag)
-	Option 2: implicit indication via the presence of the PTM configuration
Proposal 6: To selectively move one or some UEs receiving multicast from RRC_INACTIVE to RRC_CONNECTED, individual paging can be used.
Proposal 7: To move some multicast receiving UEs from RRC_INACTIVE to RRC_CONNECTED, group paging with enhancement can be used.

Notification of session state change
Proposal 8: Group paging is used to notify UE whether the session can be received in INACTIVE upon session activation.
Proposal 9: Group paging is used for Session deactivation to UE receiving multicast in INACTIVE.
Proposal 10: Group paging is used by RAN for session release notification to UE receiving multicast in INACTIVE.
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