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1 Introduction
This contribution discusses mobility and state transition for multicast reception for the following objective [1]:
· Study the impact of mobility and state transition for UEs receiving multicast in RRC_INACTIVE.  (Seamless/lossless mobility is not required) [RAN2, RAN3].
2 Discussion
State transition 
Multicast Reception in RRC_CONNECTED can provide high QoS experience, since HARQ and PTM/PTP dynamic switch are supported for high reliability. If the UE is located in a good coverage, some UEs receiving multicast in connected mode could be released to RRC_INACTIVE to relieve the connected mode congestion but continue to receive the multicast session. In case UEs that are in good coverage and have low mobility are released to RRC_INACTIVE, then the QoS experienced by those UEs is likely to be similar as in connected mode. When UE moves to a worse coverage area or when there is less or on more congestion, it would be better that the UE returns to RRC_CONNECTED state for better QoS experience of the multicast sessions. Using paging is not good solution since the gNB does not know the UE’s location and UEs in inactive may need to be paged in the complete RNA.
-	When network congestion, NW may send a UE to RRC_INACTIVE state and configures that the UE continue to receive the MBS multicast session in RRC_INACTIVE.
-	The NW also configures a condition for returning RRC_CONNECTED state to the UE.  When the configured condition is fulfilled, the UE returns to RRC_CONNECTED for the multicast session reception. The configured condition includes a) Threshmulticast: the radio link quality threshold for triggering the UE entering RRC_CONNECTD for multicast reception; b) TConnected_Multicast: the time value that the threshold condition needs to be fulfilled for UE triggering to transit RRC_CONNECTED for multicast reception; c)Tprohibit_Connected: the prohibited time for UE triggering to transit RRC_CONNECTED for multicast reception. 


Figure 1. An example of state transition to RRC_CONNECTED for multicast reception based on radio link condition
-	Upon receiving the RRCRelease message, the UE enters RRC_INACTIVE state, the UE starts the Tprohibit_Connected. When Tprohibit_Connected is running, the UE shall not trigger state transition from RRC_INACTIVE to RRC_CONNECTED procedure, i.e. the UE only performs state transition from RRC_INACTIVE to RRC_CONNECTED when the Tprohibit_Connected expires. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]-	The UE performs measurement in RRC_INACITVE state. If the measured radio link quality of the serving cell Sservingcell is lower than (or equal to) the Threshmulticast during the time interval of the TConnected_Multicast and the Tprohibit_Connected is not running, the UE performs the state transition from RRC_INACTIVE to RRC_CONNECTED procedure, i.e. the UE initiates the RRC Connection Resume procedure. The UE starts the TConnected_Multicast upon Sservingcell is lower than the Tprohibit_Connected and stops TConnected_Multicast once Sservingcell is higher than the Tprohibit_Connected. The UE only performs state transition to RRC_CONNECTED when TConnected_Multicast expires.
When the configured condition is fulfilled, the UE returns to RRC_CONNECTED for the multicast session reception. The configured condition includes the following parameters:
a) Threshmulticast: the radio link quality threshold for triggering the UE entering RRC_CONNECTD for multicast reception; 
b) TConnected_Multicast: the time value that the threshold condition needs to be fulfilled for UE triggering to transit RRC_CONNECTED for multicast reception; 
c) Tprohibit_Connected: the prohibited time for UE triggering to transit RRC_CONNECTED for multicast reception. 
Since the state transition to RRC_CONNECTED is triggered by the radio link condition, which is a AS triggered request, it is up to RRC determines the Access Category while NAS determines the Access Identity(ies). A new Access Category (e.g. access category 9) is defined for the RRC Resume procedure triggered for multicast reception and the RRC cause in the RRCResuemeRequest message is set to ‘multicast call’ to indicate the request is due to multicast reception.
A new access category and RRC cause are introduced in case that the RRC Resume procedure is triggered by multicast reception. 
Mobility in RRC_INACTIVE
In order to support UE mobility in multiple cells without entering RRC_CONECTED state, PTM configuration of a list of cells can be provided to the UE by RRC dedicated signaling. When the UE moves among the list of cells, the UE does not need enter to RRC_CONNECTED state and use the PTM configuration of the corresponding cell for multicast reception in RRC_INACTIVE.
-	Before sending the UE to RRC_INACTIVE, the gNB decides the list of cells for multicast reception in RRC_INACTIVE and coordinates with negibour cell about the the PTM configuration.  
-	The NB provides PTM configuration for RRC_INACTIVE of a list of cells to the UE. 
-	During RRC_INACTIVE state, the UE should prioritize to reselect a cell that is provided PTM configuration for RRC_INACTIVE and/or the UE should treat the frequency that the cell belongs to as the highest priority for cell reselection. In order to prioritize to the cell and/or frequency, an cell or frequency based offset of the threshold for cell reselection can be configured and used during cell reselection evaluation.
-	when the UE reselects to a cell with PTM configuration for RRC_INACTIVE, the UE should apply the corresponding configuration of the cell for multicast reception.
-	when the UE reselects to a cell without PTM configuration for RRC_INACTIVE, the UE should initialize RRC Resume procedure to enter RRC_CONNECTED.
In RRC_INACTIVE state, the UE should prioritize to reselect a cell that is provided PTM configuration.
In RAN2#119e meeting, it was agreed 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). FFS whether there are cases where the UE needs to resume the connection. FFS RAN3 impacts due to inter-gNB mobility. 
In Rel-17, for broadcast, the old MRB is released and new MRB is setup when UE moves to a new cell acquiring a new MCCH. For multicast reception in RRC_INACTIVE, how to support multicast service continuity after cell reselection needs to be address. Usually in order to support service continuity, PDCP entity is not released and kept. RAN2 needs to discuss whether PDCP entity is released or not when cell reselection happens.
RAN2 discusses whether PDCP entity is kept or not to support multicast service continuity after cell reselection.
[bookmark: OLE_LINK4]Multicast session activation
There are also two use cases regarding multicast session activation:
Use case 1: The UE may have joined the multicast group (long time) before the MBS session activation, and in the meantime the UE may have moved to RRC_INACTIVE state. When the multicast session activation, the UE can either enter to RRC_CONNECTED state or stay in RRC_INACTIVE/RRC_IDLE for data reception of the multicast session 
Use Case 2: If there is no data transmission for a while after MBS session activation, the network can also send the UE to RRC_INACTIVE state for UE power saving purpose. When data arrives again, the UE can either enter to RRC_CONNECTED state or stay in RRC_INACTIVE for data reception of the multicast session. 
In above cases, it would be better that NW has the flexibility to indicate that UE can stay in RRC_INACTIVE for receiving an multicast Session or enter RRC_CONNECTED for receiving an MBS Session in paging message
NW can indicate that UE stays in RRC_INACTIVE or enters RRC_CONNECTED for receiving a multicast session in paging message in case of MBS session activation or MBS data arrival after MBS session activation.
Multicast session deactivation
Currently, UE AS layer is not aware that whether a multicast session is deactivated or not. When the multicast session is deactivated, as specified in TS 23.247, there is no explicit "deactivation" indication to the UE, how the UE is changed to IDLE state is defined in TS 38.300.
	[bookmark: _Toc91140521]7.2.5.3	MBS session deactivation procedure

NOTE 2:	There is no explicit "deactivation" indication to the UE, how the UE is changed to IDLE state is defined in TS 38.300 [9].



In Rel-17, it is up to gNB implementation to release the multicast session and related MRBs upon receiving session deactivation from core network. When release the multicast session and related MRBs, the UEs in RRC_INACTIVE state needs to be informed to release the multicast session and related MRBs anyway either by an explicit indication in group paging message or by dedicated signaling after returning RRC_CONNECTED state. 
When multicast session is deactivated, UEs in RRC_INACTIVE state need to be informed to release the multicast session and related MRBs either by an explicit indication in group paging message or by dedicated signaling after returning RRC_CONNECTED state. 
Multicast session release
There are two types of multicast session release: UE initiated Multicast MBS Session leave and Multicast session leave requested by the network or MBS session release. For both types necessary signaling are needed to be exchanged between CN and UE, which means that UE has to return RRC_CONNECTED state. In this case, there is no need to enhance group paging to inform UE about multicast session release.
[bookmark: OLE_LINK6]No need to enhance group paging to inform UE about multicast session release.
3	Conclusion
This contribution discusses mobility and state transition for multicast reception in RRC_INACTIVE.
1. When the configured condition is fulfilled, the UE returns to RRC_CONNECTED for the multicast session reception. The configured condition includes the following parameters:
a) Threshmulticast: the radio link quality threshold for triggering the UE entering RRC_CONNECTD for multicast reception; 
b) TConnected_Multicast: the time value that the threshold condition needs to be fulfilled for UE triggering to transit RRC_CONNECTED for multicast reception; 
c) Tprohibit_Connected: the prohibited time for UE triggering to transit RRC_CONNECTED for multicast reception. 
1. A new access category and RRC cause are introduced in case that the RRC Resume procedure is triggered by multicast reception. 
1. In RRC_INACTIVE state, the UE should prioritize to reselect a cell that is provided PTM configuration.
1. RAN2 discusses whether PDCP entity is kept or not to support multicast service continuity after cell reselection.
1. NW can indicate that UE stays in RRC_INACTIVE or enters RRC_CONNECTED for receiving a multicast session in paging message in case of MBS session activation or MBS data arrival after MBS session activation.
1. When multicast session is deactivated, UEs in RRC_INACTIVE state need to be informed to release the multicast session and related MRBs either by an explicit indication in group paging message or by dedicated signaling after returning RRC_CONNECTED state. 
1. No need to enhance group paging to inform UE about multicast session release. 
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