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1 Introduction
This contribution discusses CP aspects for multicast reception in RRC_INACTIVE state.
2 Discussion
PTM Configuration for intra-gNB cells
In RAN2#121 meeting, it was agreed that 
Serving cell will not provide the PTM configuration of neighbour cells from other gNBs.
FFS whether the network can provide PTM configuration for intra-gNB cells. 
For intra-gNB case, the gNB is aware of UEs distribution in each cell associated with a multicast MRB and also knows the multicast service area. For a certain MRB in RRC_INACTIVE, the configuration parameters for PDCP should be provided by gNB-CU that is likely same for multiple cells within gNB-CU.  And the gNB-DU can decide whether use same or different low layer configuration (e.g., MAC, PHY related configuration). In case that gNB-DU decides to use same configuration for multiple cells served by the gNB-DU, it would be better to indicate the UE that the PTM configuration of an MRB is same for multiple cells served by the gNB-DU, so that the UE does not need to acquire MCCH again when cell reselection to one of the multiple cells. It is beneficial for UE power saving. If it is limited to within gNB-DU, it has not much standard impact. 
NW indicates PTM configuration of an MRB is same for multiple cells (within a gNB-DU).
PTM configuration
In RAN2#121 meeting, it was agreed that 
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.
In Release 17, the UE shall suspend all SRB(s) and DRB(s) and multicast MRB(s), except SRB0 and broadcast MRBs when receives RRCRelease message with suspendConfig.  To support multicast reception in RRC_INACTIVE state, additional information is needed in the RRCRelease message. There are possible solutions:
[bookmark: OLE_LINK10]Solution 1: The gNB sends a single one indication in RRCRelease message to indicate the UE continue to receive all configured multicast MRBs in RRC_INACTIVE state. When receives the single one indication, the UE shall not suspend all configured multicast MRBs.
Solution 2: The gNB sends per multicast MRB indication in RRCRelease message to indicate whether the UE continue to receive a certain MRB in RRC_INACTIVE state. The UE shall not suspend the MRBs that are indicated as ‘continue to receive in RRC_INACTIVE state’. When receives the indication of a MRB, the UE shall suspend the dedicated configuration that used for RRC_CONNECTED state only e.g. PTP transmission related configuration, HARQ feedback related configuration. 
Solution 3: The gNB sends per multicast MRB indication in RRCRelease message to indicate whether the UE continue to receive a certain MRB in RRC_INACTIVE state. Besides that, the gNB also provides PTM configuration for the MRB in RRCRelease message, e.g. to release the dedicated configuration that used for RRC_CONNECTED state only.
Solution 1 forces UE to monitor MCCH/MTCH for all configured MRBs regardless of whether the MRBs should be suspended or not. Solution 2 relies on UE to suspend the dedicated configuration that used for RRC_CONNECTED state only. Solution 3 is preferred since it provides more flexibility.
In RRCRelease message, gNB provides PTM configuration for the multicast MRBs for reception in RRC_INACTIVE state and per multicast MRB indication to indicate whether the UE receives a certain MRB in RRC_INACTIVE state.
The UE shall suspend the multicast MRBs that are not indicated in the RRCRelease message.
When UE moves to a cell of which the UEs has no PTM configuration of a MRB, the UE should perform RRC Resume procedure to acquiring the PTM configuration. Since we already agreed that the PTM configuration can be provided by RRCRelease message, it is not necessary for the UE entering RRC_CONNECTED state to get the PTM configuration for sake of signalling overhead. For example, he UE indicates PTM configuration request indication to the network in the RRCResumeRequest message. The PTM configuration request indication is used to indicate the RRCResumeRequest is only for acquiring the PTM configuration which implies there is no need to resume the UE into RRC_CONNECTED state. In response to the PTM configuration request indication in the RRCResumeRequest message, the network can directly provide the updated PTM configuration in the RRCRelease message without entering RRC_CONECTED state.
PTM configuration provision without entering RRC_CONNECTED state should be supported.
Mobility and minimisation of data loss
In Rel-17, 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). The similar mechanism can be applied to multicast session. 
For multicast service continuity, an RRC_INACTIVE UE should be able to prioritize a frequency that provides the multicast service (similar as broadcast).
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. 
RAN2 discusses how to 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.

Multicast Session Activation
In RAN2#119bis-e meeting, it was agreed that:
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.  
[bookmark: OLE_LINK5]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).
Since we have already agreed a mixed solution, in which the UE will update the PTM configuration by MCCH e.g. after mobility or PTM configuration update. When the PTM configuration is updated by MCCH, the configuration is not valid anymore. Then solution 3 can not be work well in the mixed solution e.g. in case of mobility to another cell or PTM configuration update by MCCH.  
On the other side, the decision on whether a UE can receive the multicast session in RRC_INACTIVE should be a dynamic decision. For example, the gNB makes the decision according to the latest load status and the load status would be different time to time.  The solution 1 and solution 3 does not allow the dynamic decision. Therefore, the solution 1 and solution 3 can be excluded firstly.
There are two options for notification the MC session activation for a UE in RRC_INACTIVE state:
-	Option 1: Group paging is used for informing MC session activation (as above solution 2).
-	Option 2: MCCH is used for informing MC session activation.
[bookmark: OLE_LINK4]In Rel-17, when receiving group paging, all UEs that are interested in the multicast session shall enter RRC_CONECTED state for the multicast reception. From backwards compatibility’s point view, the Rel-18 UE that is are interested in the multicast session shall enter RRC_CONECTED state for the multicast reception when receiving the legacy group paging. In order to avoid all related UEs returning into RRC_CONNECTED state in Rel-18, the group paging needs to be enhanced anyway.  Furthermore, using MCCH for MC session activation has following drawback:
-	MCCH is usually common for all UEs. It needs additional efforts for informing partial of UEs or a specific UE to stay in RRC_INACTIVE state for MC session activation. 
-	Using MCCH may cause RACH congestion due to many UEs acquires MCCH and may returns to RRC_CONNECTES state simultaneously.
Therefore, the solution 2 is preferred for informing MC session activation.
When the multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not.
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. 
It would be better that NW has the flexibility to indicate that UE can stay in RRC_INACTIVE for receiving a multicast Session or enter RRC_CONNECTED for receiving an MBS Session
NW can indicate that UE stays in RRC_INACTIVE or enters RRC_CONNECTED for receiving a multicast session in group paging 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. 
Observation 1: For the inactive session, the MRB may or may not be released according to NW implementation in Rel-17.
Observation 2: UE is not aware of the MC session state (active or inactive) in Rel-17.
When multicast deactivation, the following solutions are possible:
Solution 1: Indication in Group Paging
[bookmark: OLE_LINK9]For this option, the UE is notified by the group paging message with an indication of MC session deactivation.  If the indication is included in the group paging message, the UE may stop monitoring the PDCCH for the MC session for power saving.  This solution may have backwards compatible impact on Rel-17 UEs. When receives the group paging with the indication, the rel-17 UE can not understand the indication and will perform the legacy group paging i.e., returning into RRC_CONNECTED state. It will cause the Rel-17 returning RRC_CONNECTED state unnecessarily for MC session deactivation.
Solution 2: MBS session state Indication in MCCH
In the mixed solution, multicast deactivation can be considered as a state update of multicast service. When UE receives MCCH change notification, UE will know the deactivation state of the multicast service by acquisition of MCCH. And then the UE may stop monitoring the PDCCH for the MC session for power saving. The MBS session state indication may be an explicit or implicit one, e.g., the multicast deactivation can be implicitly indicated by presence of MRB configuration. The main drawback of the solution is that it causes more frequent MCCH change and increases UE power consumption, since the UE needs to acquire the MCCH for the MC session state changes for any ongoing multicast session.
Solution 3: Indication by MAC CE 
In this solution, a MAC CE associated with G-RNTI of the MC session is used to inform UEs that the MC session is deactivation. When receives the MAC CE, the UE may stop monitoring the PDCCH for the MC session for power saving. The similar solution has been introduced in LTE SC-PTM i.e., the SC-PTM Stop Indication MAC CE is used to indicate that the transmission associated with a G-RNTI is stopped. The advantage of this solution is that it has no impact on legacy UEs and other UEs. But the UE may miss the MAC CE during cell reselection. If the UE misses the MAC CE, the UE shall treat the MC session as ‘activation’ and continues monitoring the MCCH and MTCH even the MC session is deactivated. 
The main drawback of solutions is summarized in the following tabular:
	Solutions
	Main drawbacks

	Solution 1: Indication in Group Paging

	Backwards compatible impact on Rel-17 UEs:
When receives the group paging with the indication, the rel-17 UE cannot understand the indication and will perform the legacy group paging i.e., returning into RRC_CONNECTED state. It will cause the Rel-17 returning RRC_CONNECTED state unnecessarily for MC session deactivation.


	Solution 2: MBS session state Indication in MCCH

	It causes more frequent MCCH change and increases UE power consumption, since the UE needs to acquire the MCCH for the MC session state changes for any ongoing multicast session.


	Solution 3: Indication by MAC CE 

	Missing Reception of the MAC CE:
The UE may miss the MAC CE during cell reselection. If the UE misses the MAC CE, the UE shall treat the MC session as ‘activation’ and continues monitoring the MCCH and MTCH even the MC session is deactivated. 




Considering the MC session deactivation is triggered not frequently, solution 2 is more acceptable than other two solutions, in which the additional MCCH change is not so frequently and thus the UE power consumption is acceptable. 
MCCH is used for notifying MC session deactivation for multicast reception in RRC_INACTIVE. 

Multicast session release
In RAN2#119bis-e meeting, it was agreed that:
Rel-17 mechanism (NAS-based indication) is applicable for multicast session release. FFS if any enhancement is needed.
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]Legacy group paging informing UE entering RRC_CONNECTED is used for multicast session release.

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 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. 
3	Conclusion
This contribution discusses CP aspects for multicast reception in RRC_INACTIVE.
1. NW indicates PTM configuration of an MRB is same for multiple cells (within a gNB-DU).
1. In RRCRelease message, gNB provides PTM configuration for the multicast MRBs for reception in RRC_INACTIVE state and per multicast MRB indication to indicate whether the UE receives a certain MRB in RRC_INACTIVE state.
1. The UE shall suspend the multicast MRBs that are not indicated in the RRCRelease message.
1. PTM configuration provision without entering RRC_CONNECTED state should be supported.
1. For multicast service continuity, an RRC_INACTIVE UE should be able to prioritize a frequency that provides the multicast service (similar as broadcast).
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. RAN2 discusses how to 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 multicast session is activated, UE is indicated by group paging whether it can receive the multicast session in RRC_INACTIVE or not.
1. NW can indicate that UE stays in RRC_INACTIVE or enters RRC_CONNECTED for receiving a multicast session in group paging in case of MBS session activation or MBS data arrival after MBS session activation.
Observation 1: For the inactive session, the MRB may or may not be released according to NW implementation.
Observation 2: UE is not aware of the MC session state (active or inactive).
MCCH is used for notifying MC session deactivation for multicast reception in RRC_INACTIVE. 
Legacy group paging informing UE entering RRC_CONNECTED is used for multicast session release.
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 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.
A new access category and RRC cause are introduced in case that the RRC Resume procedure is triggered by multicast reception. 
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