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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#119e started the discussion for this objective and reached a set of agreements [2]. On top of that, the details of multicast reception in INACTIVE are discussed in this contribution. 
2. Discussion 
2.1. Delivery mode baseline 
In Rel-17, the two delivery modes were specified, i.e., the so called Delivery mode 1 for multicast sessions and Delivery mode 2 for broadcast sessions, whereby the configuration for receiving MTCH is provided by RRC Reconfiguration only for UEs in Connected in Delivery mode 1 while it’s done by MCCH for UEs in all RRC states in Delivery mode 2 [3]. 

RAN2#119e identified these delivery modes are the candidate for the multicast reception in INACTIVE, i.e., Option 1 and Option 2, whereby the “mix” of these Options is also on the table [2]. 
	· 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


According to the contributions submitted in RAN2#119e, the support of multicast reception in INACTIVE is motivated by the two reasons, i.e., the network congestion and the UE power saving. 

Observation 1 The network congestion and the UE power saving are the motivations of multicast reception in INACTIVE. 
The analysis for Option 1 and Option 2 was provided in [4]. According to the contribution, Option 1 is superior to Option2 in terms of the signalling overhead, which directly impacts to the network congestion. In other words, from the motivation point of view, it does not make sense to allow additional signalling overhead due to SIB20 and MCCH transmissions when the network experiences congestion. 
Observation 2 Signalling overhead due to MCCH transmission is critical under the condition of network congestion. 
From the perspective of UE in INACTIVE, it performs DRX for paging monitoring to reduce its power consumption. If Option 2 is taken for multicast reception in INACTIVE, the UE has to do an additional DRX activity, i.e., MCCH monitoring, which causes additional power consumption. So, it’s not aligned with the motivation of UE power saving. 
Observation 3 MCCH monitoring activity causes additional UE power consumption in RRC INACTIVE. 
Of course, Option 1 mandates the UE to initiate the RRC Resume procedure when the MBS configuration is provided or updated. However, it’s clarified in [5] that “Once the MRB is configured and the session has been activated, the configuration is not expected to change often during the session.” Also, it’s agreed in RAN2#119e [2] that “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).” So, it should not be a big problem on the network congestion and the UE power consumption. 
In addition, it’s the common understanding in RAN2 that Rel-17 specified the multicast service is provided by so called Delivery mode 1 (i.e., Option 1), which is the basic concept of multicast design as pointed out in [6]. There is no reason to make such a drastic change between the releases. 
Considering the observations above, Option 1 is straightforward for the PTM configuration delivery. 
Proposal 1 RAN2 should agree that the PTM configuration is provided by dedicated signalling, i.e., Option 1. 
2.2. RRC state transition 
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 many aspects for RRC state change, from the perspectives of network and UE. So, it would be discussed case-by-case below. 
2.2.1. Sub-case 1: Multicast session release/deactivation 
RAN2#119e identified Sub-case 1 as an example [2]. 

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


It could be considered that the multicast session is released or deactivated [7] 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 4 It’s inefficient, from the UE power consumption point of view, that the UE continues monitoring PTM/MTCH after the multicast session is released or deactivated. 
So, the UE should be notified by the gNB of the release/deactivation of multicast session which has been configured. It’s FFS whether the release and the deactivation should be handled separately, and which signalling should be used for this notification, e.g., MAC CE or Paging. 
Proposal 2 RAN2 should agree that the UE in INACTIVE is notified when the multicast session is released or deactivated, to stop monitoring PTM/MTCH as soon as possible. 
2.2.2. Sub-case 2: Selective transition 
RAN2#119e reached the following agreements related to Sub-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 [8], 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. 
On the other hand, when the gNB pages UEs in INACTIVE, the gNB sends the multicast activation notification, i.e., RAN paging with TMGI [8]. However, according to the current specification [8], all the UEs initiate the RRC Resume procedure when the TMGI of interest is included in the paging message. If the gNB only includes UE-IDs for selective paging (i.e., without TMGI, to page the selected Rel-18 UEs), it cannot page Rel-17 UEs which wait for multicast activation in INACTIVE. So, RAN2 should discuss whether the multicast activation notification needs to be enhanced to page a subset of UEs. 
Proposal 3 RAN2 should discuss if the multicast activation notification (i.e., RAN paging with TMGI) needs to be enhanced to page a subset of UEs. 
2.2.3. Sub-case 3: QoS enforcement 
RAN2#119e reached the agreement below, which is related to Sub-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 [9]. In RAN2#119e, it was proposed to introduce a threshold of receiving quality, e.g., RSRP and BLER [5][10]
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[11], 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 5 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 4 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. 
2.2.4. Sub-case 4: Mobility and service continuity 
RAN2#119e agreed the following statements related to Sub-case 4 [2]. 
	· 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. 


With Delivery mode 1 in Rel-17, the UE always needs to be in Connected to receive the PTM configuration since it’s provided by RRC Reconfiguration message [8]. In order to avoid transitioning to Connected, it would be considered that RRC Release message can be used to provide the updated PTM configuration. In this case, the UE sends RRC Resume Request message, and the gNB responds with RRC Release with the PTM configuration, which is similar to the existing RNAU procedure [8]. So, the UE does not need to transition to Connected to be provided the updated PTM configuration. Such a procedure can be used upon cell reselection (i.e., UE-initiated, when the PTM configuration is not available for the new cell) and upon RAN paging (i.e., network-initiated, when the PTM configuration needs to be updated). 
Proposal 5 RAN2 should agree that RRC Release is enhanced to provide the PTM configuration. 

Another issue to consider is the impact of UE mobility under the assumption that “Seamless/lossless mobility is not required”, as stated in the WID [1]. It’s obvious in Rel-17 that the PTM configuration in Delivery mode 1 is only valid within the cell which configures the UE. In case handover is performed, the target cell reconfigures the UE in Connected with the new PTM configuration.  On the other hand, when the UE in INACTIVE performs idle mode mobility, it could be considered as the starting point for when the existing PTM configuration is no longer valid in the reselected cell (i.e., the new cell). 

The simplest solution, with minimal specification impact, could be to require the INACTIVE UE to always transition to Connected when (e.g., before or after) it performs the cell reselection, in order for the UE to be either handed over from the serving cell to the target cell or reconfigured by the reselected cell, which may depend on the service continuity requirements. 

The more efficient way was proposed in [12] whereby the PTM configuration is valid within the RNA, which means the gNB needs to ensure the same configuration can be applied within each UE’s RNA. The benefit with this approach is that the UE in INACTIVE does not need to be reconfigured and continue receiving MTCH within its RNA. On the other hand, since the RNA is UE-specific, it would lead to additional network complexity. 

A more flexible and less complex way is for the gNB to provide a cell list within the configuration, whereby the configuration can be considered as valid within the cells in the list, which is simple from both perspectives of the gNB and the UE. The cell list may be set as either cell-specific, DU/CU-associated, UE-specific, RNA-associated, MRB area-specific or MBS service area-specific, which is up to NW implementation. 

So, RAN2 should discuss whether such an area scope of configuration is introduced. 
Proposal 6 RAN2 should discuss whether the configuration for receiving MTCH is valid in the serving cell or in an area (e.g., RNA or cell list). 

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
The network congestion and the UE power saving are the motivations of multicast reception in INACTIVE.
Observation 2
Signalling overhead due to MCCH transmission is critical under the condition of network congestion.
Observation 3
MCCH monitoring activity causes additional UE power consumption in RRC INACTIVE.
Proposal 1
RAN2 should agree that the PTM configuration is provided by dedicated signalling, i.e., Option 1.
Observation 4
It’s inefficient, from the UE power consumption point of view, that the UE continues monitoring PTM/MTCH after the multicast session is released or deactivated.
Proposal 2
RAN2 should agree that the UE in INACTIVE is notified when the multicast session is released or deactivated, to stop monitoring PTM/MTCH as soon as possible.
Proposal 3
RAN2 should discuss if the multicast activation notification (i.e., RAN paging with TMGI) needs to be enhanced to page a subset of UEs.
Observation 5
Multicast session should be ensured a certain QoS requirement, even if the UE is in INACTIVE.
Proposal 4
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 5
RAN2 should agree that RRC Release is enhanced to provide the PTM configuration.
Proposal 6
RAN2 should discuss whether the configuration for receiving MTCH is valid in the serving cell or in an area (e.g., RNA or cell list).
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