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1 Introduction
This contribution further discusses mobility and RRC state transition for multicast reception in RRC_INACTIVE state.
2 Discussion
Mobility and minimisation of data loss
Currently MCCH is provided per cell for broadcast service only. MCCH only supports MRB add list and MRB release list (i.e., no MRB modification list due to delta configuration is not possible since the PTM configuration among different cells may be different). When UE moves to new cell from old cell: the MRB served by old cell is released, and a new MRB is established in the new cell:
-	for broadcast, the MRB is released upon leaving the cell broadcasting the MBS session the UE is interested in. 
-	for broadcast, the MRB is established upon entering a cell providing an MBS broadcast service the UE is interested in.
Then current MCCH scheme cannot support service continuity when UE moving to a neighbour cell.
Observation 1: Current MCCH scheme cannot support service continuity when UE moving to a neighbour cell.
In Rel-17, the MBS-NeighbourCellList IE is introduced for indicating a list of neighbour cells where ongoing MBS sessions provided via broadcast MRB in the current cell are also provided. This allows the UE, e.g. to request unicast reception of the service before moving to a cell not providing the MBS broadcast service(s) using PTM transmission. Different with broadcast, the multicast transmission status in a neighbour cell may include:
-	multicast session is not provided by the neighbour cell either by PTM transmission or PTP transmission, e.g., the neighbour cell is out of multicast area;
-	the multicast session is supported by the neighbour cell but PTM transmission has not been started e.g. it is the first UE moves to the cell for the multicast reception or only PTP transmission is used for a small group of UEs.
For the first case, same with broadcast, the UE may need to request unicast reception of the multicast service before moving to the neighbour cell. For the second case, since the PTM configuration is not provided by MCCH, the UE may need prepare to resume to RRC_CONNECTED state when cell reselection to the neighbour cell.
Neighbour cell list is provided by MCCH for multicast session, that includes
-	Whether the multicast session is supported by the neighbour cell or not e.g., the neighbour cell is out of multicast area;
-	In case that the multicast session is supported, whether PTM transmission is provided in the neighbour cell.
In Rel-17, if minimisation of data loss is applied for a given MRB, synchronisation of allocation of PDCP COUNT values is applied by derivation of the PDCP COUNT values by means of a DL MBS QFI Sequence Number provided on NG-U. Synchronisation in terms of MBS QoS flow to MRB mapping and PDCP SN size of the corresponding MRB among gNBs are achieved by means of network implementation. 
In order to support minimisation of data loss between cells for PTM reception in RRC_INACTIVE, the continuity of PDCP variables (e.g., RX_DELIV) of an MRB is needed among different cells if PDCP COUNT is synchronized. One of solution is to introduce an area of PDCP continuity (e.g., a list of cells with synchronized PDCP COUNT):
-	When UE moves within the area, the PDCP continuity is performed, and the PDCP variables are not reset to initial value when UE moves one cell to another cell within the area. 
-	when UE reselects to a cell that is not in the area of PDCP continuity, the UE releases the PDCP entity of the MRB and acquires MCCH from the new cell. And then perform PDCP establishment according to the MRB configuration in the MCCH. OR
-	when UE reselects to a cell that is not in the area of PDCP continuity, the UE releases the PDCP entity of the MRB and trigger RRCResume procedure for new PDCP configuration. 
Support continuity of PDCP variables (e.g. RX_DELIV) of an MRB by MCCH when UE moving among cells to minimize the data loss. 
Another issue is the MRB ID may be different among different cells, so that the area of PDCP continuity may also include an associated MRB ID in each cell for the MRB. When UE reselects to a cell within the area, the UE identifies the MRB with the associated MRB ID and associate the MRB to the PDCP entity.
One example is to introduce an association ID to associate the PDCP entity to different RLC bearer of each cell within the are of PDCP continuity. The association ID is provided in the area info of PDCP continuity of the MRB and also provided in the RLC bearer configuration in MCCH of each cell so that the UE can associate the PDCP entity to different RLC bearer of each cell.
RAN2 discusses how to solve the issue on which different MRB IDs may be allocated by different cells for a same MRB to support service continuity during mobility.
State transition
In RAN2#121bis-e meeting, 
UE may trigger RRC connection resumption if the reception quality of the multicast data is below a configured threshold, FFS how to specify the threshold/reception quality.
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 radio 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. 
When a UE performs cell reselection to a neighbor cell that PTM configuration of the MRB is not available e.g. the PTM configuration of the MRB is not provided in the MCCH of the neighbor cell but the multicast session is supported by the cell, the UE needs to perform state transition to RRC_CONNECTED state and then NW can provide the PTM configuration by RRC dedicated signalling.
When a UE enters to a cell for which PTM configuration the MRB is not available in MCCH, the UE may return to RRC_CONNECTED state if the cell supports the multicast session.
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. 
Currently, when UE receives RRCRelease with suspendconfig, the UE shall reset MAC and suspend all SRB(s) and DRB(s) and multicast MRB(s).  and the UE shall suspend the PDCP entities of all DRB(s) and multicast MRB(s), that includes that the UE shall stop and reset the t-reordering if running, and the UE shall set RX_NEXT and RX_DELIV to the initial value. In order to support minimization data loss during the RRC state transition from RRC_CONNECTED to RRC_INACTIVE, the UE shall not perform PDCP suspend for the multicast MRB(s) that are received in RRC_INACTIVE state.
During the RRC state transition from RRC_CONNECTED to RRC_INACTIVE, the UE shall not suspend the PDCP entities of multicast MRBs that are received in RRC_INACTIVE state, e.g., not stop and reset the t-reordering if running, and not set RX_NEXT and RX_DELIV to the initial value.
During MAC reset, the UE shall flush the soft buffers for all DL HARQ processes, except for the DL HARQ process being used for MBS broadcast. During RRC state transition from RRC_CONNECTED to RRC_INACTIVE, it is beneficial not flush the soft buffers for DL HARQ process of the multicast MRB that is received in RRC_INACTIVE state.
During the RRC state transition from RRC_CONNECTED to RRC_INACTIVE, the UE shall not flush the soft buffers for DL HARQ process of the multicast MRB that is received in RRC_INACTIVE state.
3	Conclusion
This contribution discusses CP aspects for multicast reception in RRC_INACTIVE.
1. Neighbour cell list is provided by MCCH for multicast session, that includes
-	Whether the multicast session is supported by the neighbour cell or not e.g., the neighbour cell is out of multicast area;
-	In case that the multicast session is supported, whether PTM transmission is provided in the neighbour cell.
1. Support continuity of PDCP variables (e.g. RX_DELIV) of an MRB by MCCH when UE moving among cells to minimize the data loss. 
1. RAN2 discusses how to solve the issue on which different MRB IDs may be allocated by different cells for a same MRB to support service continuity during mobility.
1. When the configured radio 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. When a UE enters to a cell for which PTM configuration the MRB is not available in MCCH, the UE may return to RRC_CONNECTED state if the cell supports the multicast session.
1. A new access category and RRC cause are introduced in case that the RRC Resume procedure is triggered by multicast reception. 
1. During the RRC state transition from RRC_CONNECTED to RRC_INACTIVE, the UE shall not suspend the PDCP entities of multicast MRBs that are received in RRC_INACTIVE state, e.g., not stop and reset the t-reordering if running, and not set RX_NEXT and RX_DELIV to the initial value.
1. During the RRC state transition from RRC_CONNECTED to RRC_INACTIVE, the UE shall not flush the soft buffers for DL HARQ process of the multicast MRB that is received in RRC_INACTIVE state.
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