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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 notification and RRC state transition aspects on multicast reception in INACTIVE are discussed in this contribution. 
2. Discussion 
In RAN2#119e, the aspects related to RRC state change was left to FFS [2]. 
	· In Rel-18, multicast reception for UEs in INACTIVE supports at least the following scenarios, with the assumption that the UE already has a valid PTM configuration:

-
Scenario 1: a UE has been receiving multicast in CONNECTED, and it enters INACTIVE and continues the multicast reception.

-
Scenario 2: a UE has joined a multicast session and has been directed to INACTIVE, the UE starts to receive the multicast session

FFS for state changes, e.g. due to service being not provided in INACTIVE anymore etc.


It could be considered there are multiple cases related to RRC state change, from the perspectives of network and UE. Some of cases are also related to the notifications which are sent from the network to the UE. So, it would be discussed case-by-case below. 
2.1. Case 1: Multicast session deactivation/release 
RAN2#119bis-e agreed that the UE is notified when the multicast session is deactivated, and Rel-17 mechanism is applicable when the multicast session is released [3]. 
	· 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).

· Rel-17 mechanism (NAS-based indication) is applicable for multicast session release. FFS if any enhancement is needed.


It could be considered that the multicast session is deactivated or released [8] when the UE in INACTIVE is receiving the MBS service, and the gNB may stop transmitting PTM/MTCH accordingly. In this case, there is no reason for the UE to continue monitoring MTCH, but the UE shall do it unless the PTM configuration is removed. From the UE power saving point of view, it’s desired to stop monitoring MTCH as soon as possible. 

Observation 1 It’s inefficient, from the UE power consumption point of view, that the UE continues monitoring PTM/MTCH after the multicast session is deactivated or released. 
So, it’s worth clarifying the UE behaviour upon the multicast session deactivation, i.e., the UE should be allowed to stop monitoring MTCH when it receives the notification for multicast session deactivation, regardless of how it’s notified. Also, the UE should stay in RRC INACTIVE when such a notification is received. 
Proposal 1 RAN2 should agree that the UE is allowed to stop monitoring MTCH upon reception of multicast session deactivation notification. 

For the multicast session deactivation, RAN2 left FFS how the UE is notified, e.g., the group paging, MCCH or other ways [3]. 
In LTE SC-PTM, SC-PTM Stop Indication MAC CE was introduced to notify that the UE stops monitoring the PDCCH for a G-RNTI, whereby the MAC CE is multiplexed with SC-MTCH associated with the G-RNTI [9]. This light-weight signalling could work under the restriction of one-to-one mapping between TMGI and G-RNTI [10].  On the other hand, NR MBS allows many-to-one mapping between TMGI and G-RNTI [5], so the MAC CE, if introduced, needs to indicate the TMGI(s) which is deactivated.  Since the MAC CE is sent together with MTCH, it’s expected to minimize the delay between the reception of last multicast data and the stop of MTCH monitoring. 
Another option is to reuse the group paging. The group paging is used to page the multiple UEs within a group(s) at the same time, by means of TMGI(s) instead of UE-ID [7]. Since the existing paging group list (i.e., the list of TMGIs) is applicable to the legacy UEs, the group paging needs to add a new TMGI list for the deactivation notification, in order to avoid any impact to the legacy UEs.  The group paging is sent at the paging occasions, i.e., based on I-DRX cycle, there would be some delay between the reception of last multicast data and the stop of MTCH monitoring.
The third option is to reuse MCCH. There are two possibilities on how to notify the multicast session deactivation, i.e., either to remove the PTM configuration of deactivated TMGI or to add a new indication notifying the deactivated TMGI.  In any way, MCCH needs to be updated, so MCCH Change Notification should be sent to the UE in advance [7]. So, it needs a longer delay between the reception of last multicast data and the stop of MTCH monitoring. 

According to the RAN2 agreement that “MCCH is used […] in case there is a need for change in PTM config” [4], it could be interpreted that the UE in INACTIVE shall wake-up at MCCH occasions, and the multicast session deactivation is seen as kind of “change in PTM config”. So, the UE can anyway notice the multicast session is deactivated if the corresponding PTM configuration is removed from MCCH. However, it makes a delay for the UE to stop monitoring MTCH. So, it’s preferable to have the notification by MAC CE. 
In summary, the delay between the reception of last multicast data and the stop of MTCH monitoring could directly impact the unnecessary increase in UE power consumption. From the UE power saving point of view, the notification should be sent as soon as possible, so the first option with MAC CE is the preferable solution. 
Proposal 2 RAN2 should agree that the UE in INACTIVE is notified by a new MAC CE (like the existing SC-PTM Stop Indication) when the multicast session is deactivated. 
For the multicast session release, RAN2 agreed Rel-17 NAS-based indication is applicable, which could be the “Multicast session leave requested by the network or MBS session release” (section 7.2.2.3 in [8]). In this procedure, it’s assumed that the UE is paged by the gNB and transitions to RRC Connected to communicate with the AMF. It’s assumed the existing group paging (or even the legacy individual paging) can be reused for this procedure. 
Just for an optimization, if the new MAC CE is introduced for the notification of multicast session deactivation as in Proposal 2, it can be used in this procedure for free, i.e., the gNB may send the MAC CE to allow the UE to stop monitoring MTCH, then the gNB may distribute the timing of pages for UEs, i.e., using the legacy individual paging, to avoid the signalling storm caused by simultaneous RRC state transitions. 
Proposal 3 RAN2 should agree that no enhancement specific to the multicast session release is needed, i.e., the UE transitions to RRC Connected by the existing (group) paging. 
2.2. Case 2: Selective transition upon multicast session activation 
RAN2#119e reached the following agreements related to Case 2 [2]. 
	· It is up to gNB to decide whether a multicast session may be received by UE(s) in INACTIVE. FFS what information gNB may be provided to form such decision (related to SA2 discussion).

· 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. 

· 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.


When the gNB releases UEs to INACTIVE, the gNB can select which UE to be released as it is today, i.e., by RRC Release with Suspend Config [9], based on e.g., the UE capability, the UE assistance information and/or the CN assistance information (if specified). So, in terms of the RRC Release message, there is no enhancement foreseen for the selective transition of UEs. 
Observation 2 The existing RRC Release is used by the gNB to select which UE to be released. 

For the multicast session activation, RAN2#119bis-e agreed to the following sentences [3]. 

	· 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).

	· 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 Rel-17, the multicast session activation is notified by the group paging [5]. There is no need to differ Rel-18 from the legacy mechanism, so RAN2 should confirm the group paging is used to notify the UEs of multicast session activation. 

Proposal 4 RAN2 should confirm the baseline that the group paging can be used to inform Rel-18 UE(s) about the session activation. 

On top of the confirmation, RAN2 identified the three options for the UE behaviour upon reception of the multicast activation notification as referred above. 

For Option 1, the UE can receive the multicast session in INACTIVE if it has the valid PTM configuration. It could be considered as the baseline for all other UE behaviours since the UE in INACTIVE anyway cannot receive the multicast session without the PTM configuration. So, Option 1 has to be agreed. 
Proposal 5 RAN2 should agree with UE behaviour Option 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.”

For Option 2, the UE is indicated just upon reception of the group paging whether it should receive the multicast session in INACTIVE. 

For Option 3, the UE is indicated in advance whether it should receive the multicast session in INACTIVE, by RRC Reconfiguration or RRC Release. 
The mechanisms for the two options are very similar, except for the message to indicate the UE to do so. So, these options could be analysed from the perspective of motivations of multicast reception in INACTIVE, i.e., network congestion and UE power saving. 
For the network congestion case, it could be assumed that the cell load varies from time to time.  Option 2 allows the gNB to take into account the up-to-date load condition when it decides whether the UE should stay in INACTIVE, since the indication is sent within the group paging.  On the other hand, Option 3 requires the gNB to predict future load when it indicates to the UE, whereby the cell load may have changed when the gNB actually sends the group paging. So, there are some risks, e.g., more UEs transition to Connected even when the congestion has become worse, or more UEs stay in INACTIVE even when the congestion is reduced.  So, Option 2 is preferable for efficient control of RRC states of UEs. 
From the UE power saving perspective, it may be assumed some kind of “power saving preference” in UE Assistance Information may be introduced. Such a preference indication can only be sent by the UE in Connected, i.e., there is no way to do it for the UEs in INACTIVE. So, the gNB can indicate the UE whether the UE is allowed to receive the multicast session in INACTIVE, when the UE was previously in Connected.  In case such a preference indication is not introduced, the gNB may indicate to the UE at any time since it does not know whether or not the UE prefers power saving.  So, there is no difference between Option 2 and Option 3. 
Given the analysis above, Option 2 is considered as more efficient and can cover the usage of Option 3. So, RAN2 should at least agree to Option 2. 
Proposal 6 RAN2 should agree with UE behaviour Option 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).”

With regards to the group paging for Option 2, the current specification specifies the UE behaviour upon reception of the group paging [9], i.e., all the UEs initiate the RRC Resume procedure when the TMGI of interest is included in the paging message, so the gNB cannot include TMGI in the paging message when selective paging is needed for Option 2 . If the gNB only includes UE-IDs for selective paging (i.e., the legacy individual paging without TMGI, to page the selected Rel-18 UEs), it cannot page Rel-17 UEs which wait for multicast activation in INACTIVE. In addition, it’s inefficient in terms of signalling overhead. 
Observation 3 The Rel-17 group paging cannot select a subset of UEs to be paged, i.e., all UEs transition to RRC Connected when TMGI of interest is included in the paging message. 
Assuming the current Paging Group List is set to the group paging message [7] at least to page Rel-17 UEs, it also pages Rel-18 UEs by TMGI of interest. So, for the selected UEs NOT to transition to Connected, it’s a possible solution to define a “paging cancel list” (or a “INACTIVE allowed list”) which is a new list of UE-IDs, whereby the UEs listed in this list should stay in INACTIVE to receive the multicast session.  
So, RAN2 should discuss how to enhance the group paging to page a subset of UEs. 
Proposal 7 RAN2 should discuss how to enhance the group paging to page a subset of UEs, e.g., with a new UE-ID list to stay in INACTIVE for multicast session reception. 
2.3. Case 3: QoS enforcement 
RAN2#119e reached the agreement below, which is related to Case 3 [2]. 
	· HARQ feedback and PTP are not supported for multicast reception in RRC_INACTIVE. 


According to the agreement, the multicast reception in INACTIVE is similar to the MBS broadcast reception specified in Rel-17 (i.e., so called Delivery mode 2) [3]. The MBS broadcast is intended as the best-effort basis. 
On the other hand, it’s a key issue for multicast sessions to ensure QoS/reliability assurance as pointed out in [11]. SA2 also wondered if there is any difference on multicast reception quality/reliability between Connected and INACTIVE, and RAN2#119bis-e agreed to the following answer [3]. 

	· RAN2 Answer to Q1-a) If there are significant differences in the quality and reliability of the reception of MBS data between UEs in RRC Connected state and UEs in RRC Inactive state: 

The quality and reliability of the reception of MBS data between UEs in RRC_CONNECTED state and UEs in RRC_INACTIVE state may or may not be different, as HARQ feedback and PTP transmission are not supported and seamless/lossless mobility is not required for multicast reception in RRC_INACTIVE.


In RAN2#119e, it was proposed to introduce a threshold of receiving quality, e.g., RSRP and BLER [12][13] [14], which is considered to be used for ensuring a certain level of QoS requirement for the multicast reception. It’s also useful for the network to manage the QoS requirement. When the multicast reception in INACTIVE cannot fulfil a corresponding QoS requirement, the UE should transition to Connected, to take advantages of HARQ feedback/retransmission and/or PTP (or Split MRB) for guarantee of receiving quality. 
Observation 4 Multicast session should be ensured a certain QoS requirement, even if the UE is in INACTIVE. 
Regarding the RSRP threshold, it could be considered that the UE always needs to transition to Connected whenever it moves to the cell-edge and/or it performs cell reselection, since NR MBS is assumed for the single-cell transmission manner. It may not be the optimal behaviour under some deployments, from the perspectives of network congestion and UE power saving.  
Regarding the BLER threshold, it could be considered more straightforward to ensure QoS requirements. So, these options will need to be discussed, if the receiving quality based RRC state transition is decided to be introduced. 
Proposal 8 RAN2 should agree that the UE in INACTIVE should transition to Connected when the receiving quality becomes worse than a threshold, e.g., RSRP or BLER. 
2.4. Case 4: PTM configuration update 

RAN2#120 agreed that MCCH is used when the PTM configuration needs to be updated [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 use RRC Release for the PTM configuration (even before the session activation), and to introduce a new MCCH (which is different from Rel-17 MCCH) [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)


According to these agreements, there are two cases on PTM configuration update as below: 
· Case 1: For UEs in INACTIVE receiving the already activated multicast session; 
· Case 2: For UEs in INACTIVE waiting for the multicast session activation: 
· Note: Case 2 may be further categorized by whether the PTM configuration was provided by RRC Release or not. 

It would be preferable that the solution should be common for these cases as much as possible. 
Proposal 9 RAN2 should aim to a common solution for the notification on PTM configuration update, at least taking into account the two cases of already activated sessions and sessions before activation. 
In our understanding, the motivation to use MCCH is to reduce the signalling overhead upon PTM configuration update, i.e., the UE can stay INACTIVE to acquire the updated PTM configuration. So, from the perspective of UE in INACTIVE, the new PTM configuration delivery method in Rel-18 is rather similar to Delivery mode 2 in Rel-17 [5]. In this case, it might be seen as reasonable to reuse the existing MCCH Change Notification to notify the update of PTM configuration [7]. 
However, the MCCH Change Notification mandates the UE to wake up once in each MCCH modification boundary, which is an additional burden on top of monitoring the paging occasions. Also, the MCCH Change Notification is not efficient especially for Case 2 above (i.e., the UE needs to monitor the MCCH Change Notification even if it just waits for the multicast session notification, in order to check whether the PTM configuration provided by RRC Release is updated). 
To resolve these issues, group paging may be enhanced for the notification of PTM configuration update. The UE only needs to monitor the paging occasions, to determine whether the PTM configuration is updated, regardless of whether the UE is receiving the multicast session or not (i.e., Case 1 or Case 2 above). So, RAN2 should agree to use the group paging for this notification. The details of enhancements are FFS. 

Proposal 10 RAN2 should agree that, instead of the existing MCCH Change Notification, the group paging is used for PTM configuration update. 
2.5. Case 5: Service continuity upon RRC resumption 
It should be considered as a possibility that the UE, which is already receiving a multicast session in INACTIVE (i.e., via Broadcast MRB [5] or a new MRB for multicast reception in INACTIVE), is paged and initiates the RRC Resume procedure. After transitioning to Connected, the UE, of course, wants to continue receiving the same multicast session. In this case, however, the UE has the two MRBs for the same multicast session, i.e., the Broadcast MRB (or a new MRB) which was configured for multicast reception in INACTIVE, and Multicast MRB which is resumed for multicast reception in Connected. 
In Rel-17, the multicast session is only allowed to be received via Multicast MRB which is configured by RRC Reconfiguration. On the other hand, Rel-18 will likely allow the UE to receive the multicast session via Broadcast MRB (or a new MRB) which is configured by either RRC Reconfiguration or the new MCCH [5]. 
In our view, the UE should use the Multicast MRB for the reception after it transitions to Connected (as with Rel-17). However, it’s unclear how the UE switches between these MRBs, when the UE discards the Broadcast MRB (or a new MRB), how the UE should behave if the Multicast MRB is AM MRB (i.e., in terms of lossless principle), etc. So, RAN2 should discuss the UE behaviour upon RRC resumption, in terms of MRB handling and service continuity of multicast session. 
Proposal 11 RAN2 should discuss the UE behaviour upon RRC resumption, during continuous reception of multicast session, e.g., handling of Broadcast MRB and Multicast MRB. 
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: 
Observation 1
It’s inefficient, from the UE power consumption point of view, that the UE continues monitoring PTM/MTCH after the multicast session is deactivated or released.
Proposal 1
RAN2 should agree that the UE is allowed to stop monitoring MTCH upon reception of multicast session deactivation notification.
Proposal 2
RAN2 should agree that the UE in INACTIVE is notified by a new MAC CE (like the existing SC-PTM Stop Indication) when the multicast session is deactivated.
Proposal 3
RAN2 should agree that no enhancement specific to the multicast session release is needed, i.e., the UE transitions to RRC Connected by the existing (group) paging.
Observation 2
The existing RRC Release is used by the gNB to select which UE to be released.
Proposal 4
RAN2 should confirm the baseline that the group paging can be used to inform Rel-18 UE(s) about the session activation.
Proposal 5
RAN2 should agree with UE behaviour Option 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.”
Proposal 6
RAN2 should agree with UE behaviour Option 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).”
Observation 3
The Rel-17 group paging cannot select a subset of UEs to be paged, i.e., all UEs transition to RRC Connected when TMGI of interest is included in the paging message.
Proposal 7
RAN2 should discuss how to enhance the group paging to page a subset of UEs, e.g., with a new UE-ID list to stay in INACTIVE for multicast session reception.
Observation 4
Multicast session should be ensured a certain QoS requirement, even if the UE is in INACTIVE.
Proposal 8
RAN2 should agree that the UE in INACTIVE should transition to Connected when the receiving quality becomes worse than a threshold, e.g., RSRP or BLER.
Proposal 9
RAN2 should aim to a common solution for the notification on PTM configuration update, at least taking into account the two cases of already activated sessions and sessions before activation.
Proposal 10
RAN2 should agree that, instead of the existing MCCH Change Notification, the group paging is used for PTM configuration update.
Proposal 11
RAN2 should discuss the UE behaviour upon RRC resumption, during continuous reception of multicast session, e.g., handling of Broadcast MRB and Multicast MRB.
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