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1. Introduction
During the RAN2#121 meeting, the following agreement on multicast reception in RRC_INACTIVE state was made for the 3GPP R18 WI “Enhancements of NR Multicast and Broadcast services”.
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)
Multicast MCCH configuration is provided via new SIB. 
Optionally, Multicast MCCH configuration for the serving cell can also be provided in dedicated signalling. Understanding is we are not optimizing mobility case because of this.
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. 

In the contribution, multicast MCCH is used to stand for the new MCCH for multicast reception in RRC_INACTIVE state. The control plane for multicast reception in RRC_INACTIVE state is discussed with the related proposals suggested in the contribution.
2. Notifications for multicast reception in RRC_INACTIVE state
The notifications for multicast reception in RRC_INACTIVE state includes:
· Multicast session activation notification
· RRC state switch notification from RRC_INACTIVE state to RRC_CONNECTED state
· Multicast session deactivation notification
· Multicast session release notification
· Notification for UE to receive the configuration for evaluating the reception quality of a multicast session
In the last RAN2 meetings, group paging was agreed to send multicast session activation notification. How to send other notifications have not been decided yet. In order to reduce the standard effort for sending other notifications, it’s better to send other notifications on multicast MCCH. The detailed analysis for sending above notifications is made as follows. 
When a multicast session is activated, gNB may let some UEs receive the multicast session in RRC_CONNECTED state and the other UEs receive the multicast session in RRC_INACTIVE state. Therefore the enhancement to group paging is needed to send the following information.
(1) TMGI of activated multicast session: used to indicate to UE which multicast session is activated 
(2) RRC_INACTIVE state indicator (optional)
This item is used to indicate to UE the activated multicast session can be received in RRC_INACTIVE state.
(3) PTM configuration of activated multicast session (optional)
If the PTM configuration of the activated multicast is not available in UE or updated upon the multicast session activation, this item is used to send the PTM configuration of the activated multicast session to UE.
(4) UE ID list for multicast reception in RRC_CONNECTED state or UE ID list for multicast reception in RRC_INACTIVE state (optional)
For a legacy PO, UE ID list for multicast reception in RRC_CONNECTED/ RRC_INACTIVE state is used to indicate which UEs monitoring the legacy PO need to switch to RRC_CONNECTED/ RRC_INACTIVE state for multicast reception. The remaining UEs need to switch to RRC_INACTIVE/ RRC_CONNECTED state.
(5) PRACH configuration information (optional): used by UE to initiate the random access procedure for multicast reception in RRC_CONNECTED state.
Multicast MCCH can be used to send RRC state switch notification from RRC_INACTIVE state to RRC_CONNECTED state. In detail, the following information can be sent on multicast MCCH to make the related UE switch from RRC_INACTIVE state to RRC_CONNECTED state. How many times RRC state switch notification is sent on multicast MCCH depends on the gNB implementation.
(1) TMGI of multicast session: used to indicate to UE which multicast session needs RRC state switch
(2) RRC_CONNECTED state indicator: used to indicate some/all UEs need to switch to RRC_CONNECTED state
(3) UE ID list for multicast reception in RRC_CONNECTED state or UE ID list for multicast reception in RRC_INACTIVE state (optional)
(4) PRACH configuration information (optional)
Multicast MCCH can be used to send multicast session deactivation notification. In detail, the following information can be sent on multicast MCCH for multicast session deactivation notification. How many times multicast session deactivation notification is sent depends on the gNB implementation. 
(1) TMGI of deactivated multicast session: used to indicate to UE which multicast session is deactivated
(2) Deactivation indicator: used to indicate the related multicast session is deactivated.
(3) PTM configuration of multicast session (optional)
This item is used to send to UE the PTM configuration of the deactivated multicast session which can be used by UE when the deactivated multicast session is re-activated.
Multicast MCCH can be used to send multicast session release notification. In detail, the following information can be sent on multicast MCCH to notify UE in RRC_INACTIVE state to release the related multicast session. For UE in RRC_CONNECTED state, the dedicated signalling can be used to send multicast session release notification. How many times multicast session release notification is sent on multicast MCCH depends on the gNB implementation.
(1) TMGI of released multicast session: used to indicate to UE which multicast session is released
(2) Release indicator: used to indicate the related multicast session is released.
Multicast MCCH can be used to send notification for UE to receive the configuration for evaluating the reception quality of a multicast session. Notification can include one item or several items of the following information. How many times notification is sent on multicast MCCH depends on the gNB implementation.
(1) Expected BLER of multicast session
If the calculated BLER of a multicast session by UE is larger than the expected BLER of the multicast session, UE concludes the reception quality can’t satisfy the QoS requirement of the multicast session. 
(2) RSRP/RSRQ threshold of multicast session: for a multicast session, if the calculated RSRP/RSRQ is worse than the given RSRP/RSRQ threshold, UE concludes the reception quality can’t satisfy the QoS requirement.
(3) Duration for reception quality evaluation: indicate to UE a time interval for the evaluation of the BLER/RSRP/RSRQ of the multicast session
(4) Permission indicator: indicate to UE whether or not UE is permitted to initiate a random access procedure for receiving the multicast session in RRC_CONNECTED state.
If UE finds the reception quality of a multicast session can’t satisfy the QoS requirement of the multicast session and UE is permitted to initiate a random access random procedure, it can initiate a random access procedure for receiving the multicast session in RRC_CONNECTED state.
Based on the above discussion, the following proposals are suggested.
Proposal 1: Group paging shall be enhanced to send the following information:
(1) TMGI of activated multicast session
(2) RRC_INACTIVE state indicator (optional)
(3) PTM configuration of activated multicast session (optional)
(4) UE ID list for multicast reception in RRC_CONNECTED state or UE ID list for multicast reception in RRC_INACTIVE state (optional)
(5) PRACH configuration information (optional)

Proposal 2: Multicast MCCH is used to notify UE of RRC state switch from RRC_INACTIVE state to RRC_CONNECTED state.
Proposal 3: Multicast MCCH is used to send multicast session deactivation notification.
Proposal 4: Multicast MCCH is used to send multicast session release notification.
Proposal 5: Multicast MCCH is used to notify UE of receiving the configuration for evaluating the reception quality of a multicast session.
Proposal 6: If permitted, UE can initiate a random access procedure for receiving a multicast session in RRC_CONNECTED state if UE concludes the reception quality of the multicast session can’t satisfy the QoS requirement of the multicast session. 

3. MCCH change notification
In order to reduce the power consumption in UE for monitoring multicast MCCH, MCCH change notification can be sent under the following cases:
(1) When the PTM configuration of a multicast session is changed
(2) When a multicast session needs some/all UEs to switch from RRC_INACTIVE state to RRC_CONNECTED state
(3) When a multicast session is deactivated or released
(4) When the configuration for UE to evaluate the reception quality of a multicast session is changed
In order to reduce the radio resource consumption by multicast MCCH and the power consumption in UE for monitoring multicast MCCH, a modification period, a repetition period, M>=1 transmission periods and M>=1 transmission times can be introduced for multicast MCCH. The modification period is denoted by Pm, the repetition period is denoted by Pr, the m-th transmission period is denoted by T(m) and the m-th transmission times is denoted by C(m), where Pm=2kPr, T(m)=2k(m)Pm, C(m)<=Pm/Pr, K>=0 is an integer, K(m)>=0 is an integer and m=1,….,M. 
For a multicast session using the m-th transmission period T(m) and the m-th transmission times C(m), the PTM configuration information and common signalling of the multicast session are ONLY sent on multicast MCCH in the first C(m) repetition periods of the first modification period within each transmission period of T(m) ms long. The MCCH change notification for the multicast session is ONLY transmitted in the first C(m) repetition periods of the first modification period within the transmission period where the MCCH change notification for the multicast session is triggered.
For a UE, gNB can allocate a same transmission period and a same transmission times for the multicast sessions joined by the UE. The UE only needs to monitor the MCCH according to the allocated transmission period and the allocated transmission times instead of monitoring the MCCH according to the modification period and the repetition period.
An example with three transmission periods and three transmission times is illustrated in Figure1. In Figure 1, the following information is shown:
(1) The modification period is Pm=80ms, the repetition period is Pr=20ms and Pm/Pr=4.
(2) The services using T(1)=80ms and C(1)=4 have their configuration information and common signalling transmitted in the first C(1)=4 repetition periods of the first modification period within each transmission period of T(1)=80ms long. That is, among the four modification periods shown in Figure 1, the information for the services using T(1)=80ms and C(1)=4 is sent on multicast MCCH in each repetition period of the first/second/third/fourth modification period. 
(3) The services using T(2)=160ms and C(2)=4 have their configuration information and common signalling transmitted in the first C(2)=4 repetition periods of the first modification period within each transmission period of T(2)=160ms long. That is, among the four modification periods shown in Figure 1, the information for the services using T(2)=160ms and C(2)=4 is sent on multicast MCCH in each repetition period of the first/third modification period.
(4) The services using T(3)=320ms and C(3)=2 have their configuration information and common signalling transmitted in the first C(3)=2 repetition periods of the first modification period within each transmission period of T(3)=320ms long. That is, among the four modification periods shown in Figure 1, the information for the services using T(3)=320ms and C(1)=2 is sent on multicast MCCH in the first C(3)=2 repetition periods of the first modification period.
(5) The PTM configuration of some service using T(3)=320ms and C(3)=2 is changed in the transmission period shown in Figure 1, the MCCH change notification is sent in the first C(3)=2 repetition periods of the first modification period within the transmission period.
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Based on the above discussion, the following proposals are suggested.
Proposal 7: For multicast MCCH, MCCH change notification can be sent under the following cases:
(1) When the PTM configuration of a multicast session is changed
(2) When a multicast session needs some/all UEs to switch from RRC_INACTIVE state to RRC_CONNECTED state
(3) When a multicast session is deactivated or released
(4) When the configuration for UE to evaluate the reception quality of a multicast session is changed

Proposal 8: For multicast MCCH, a modification period Pm, a repetition period Pr, M transmission periods T(m), m=1=1,….,M and M transmission times C(m), m=1,……,M can be introduced. For a multicast session using the m-th transmission period T(m) and the m-th transmission times C(m), the PTM configuration information and common signalling of the multicast session is sent in the first C(m) repetition periods of the first modification period within each transmission period of T(m) ms long, where Pm=2kPr, T(m)=2k(m)Pm, C(m)<=Pm/Pr, K>=0 is an integer, K(m)>=0 is an integer, m=1,….,M, and M>=1.


4. Service continuity
In order to support service continuity and reduce service interruption time, the new SIB for configuring multicast MCCH can be area specific just as an existing SIB can be area specific. 
In order to support service continuity for a multicast session in RRC_INACTIVE state, a bit mapping of N bits long with each bit for a neighbour cell can be introduced on multicast MCCH to indicate whether or not a neighbour cell provide the multicast session in RRC_INACITVE state.
In order to reduce service interruption time, the PTM configuration of a multicast session can be applied in an application area. Considering the complexity of supporting the area specific PTM configuration, the application area can consist of the cells of a same gNB.
If the PTM configuration is applied for the intra-gNB case, how to indicate such information shall be decided. There are two options for indicating the PTM configuration is area specific.
Option 1: For a multicast session in RRC_INACITVE state, a bit mapping of M<=N bits long is introduced on multicast MCCH to indicate whether or not a neighbour cell providing the multicast session in RRC_INACTIVE state has the same PTM configuration as the source cell, where M is the number of the neighbour cells providing the multicast session in RRC_INACTIVE state and N is the number of the neighbour cells.
Option 2: For a multicast session in RRC_INACITVE state, a cell list is used to indicate the application area of the PTM configuration of the multicast session.
Option 1 is simpler and has less standard effort. It’s better than option 2.
In order to support service continuity during UE mobility, the following two cases shall be considered.
Case 1: There’s no PDCP SN synchronization between the source cell and the target cell
Case 2: It’s difficult to exchange the multicast session related information between the source cell and the target cell which belong to different gNBs,
Under case 1, it’s better that UE in RRC_INACTIVE state goes into RRC_CONNECTED state for the multicast session received by it and then is handed over to the target cell.
Under case 2, it’s better that UE in RRC_INACTIVE state goes into RRC_CONNECTED state for the multicast session received by it and then is handed over to the target cell.
In order to reduce service interruption time, for the intra-gNB case, the PTM configurations of the neighbour cells can be provided to UE via dedicated signalling when UE joins the multicast session. For the intra-gNB case, the updated PTM configuration of a neighbour cell is provided on multicast MCCH.
Based on the above discussion, the following proposals are suggested.
Proposal 9: The SIB for configuring multicast MCCH can be area specific.
Proposal 10: On multicast MCCH, a bit mapping of N bits long with each bit for a neighbour cell can be introduced to indicate whether or not a neighbour cell provides the multicast session in RRC_INACITVE state.
Proposal 11: The PTM configuration of a multicast session can be applied for the intra-gNB case.
Proposal 12: For a multicast session in RRC_INACITVE state, a bit mapping of M<=N bits long is introduced on multicast MCCH to indicate whether or not a neighbour cell providing the multicast session in RRC_INACTIVE state has the same PTM configuration as the source cell, where M is the number of the neighbour cells providing the multicast session in RRC_INACTIVE state and N is the number of the neighbour cells.
Proposal 13: For the cast that there’s no PDCP SN synchronization between the source cell and the target cell, UE in RRC_INACTIVE state goes into RRC_CONNECTED state for the multicast session received by it and then is handed over to the target cell.
Proposal 14: For the case that the source cell and the target cell belong to different gNBs, UE in RRC_INACTIVE state goes into RRC_CONNECTED state for the multicast session received by it and then is handed over to the target cell.
Proposal 15: For the intra-gNB case, the PTM configurations of the neighbour cells can be provided to UE via dedicated signalling when UE joins the multicast session.
Proposal 16: For the intra-gNB case, the updated PTM configuration of a neighbour cell is provided on multicast MCCH.

5. Conclusion
Based on the discussion in the former sections, the following proposals are suggested.
Proposal 1: Group paging shall be enhanced to send the following information:
(6) TMGI of activated multicast session
(7) RRC_INACTIVE state indicator (optional)
(8) PTM configuration of activated multicast session (optional)
(9) UE ID list for multicast reception in RRC_CONNECTED state or UE ID list for multicast reception in RRC_INACTIVE state (optional)
(10) PRACH configuration information (optional)

Proposal 2: Multicast MCCH is used to notify UE of RRC state switch from RRC_INACTIVE state to RRC_CONNECTED state.
Proposal 3: Multicast MCCH is used to send multicast session deactivation notification.
Proposal 4: Multicast MCCH is used to send multicast session release notification.
Proposal 5: Multicast MCCH is used to notify UE of receiving the configuration for evaluating the reception quality of a multicast session.
Proposal 6: If permitted, UE can initiate a random access procedure for receiving a multicast session in RRC_CONNECTED state if UE concludes the reception quality of the multicast session can’t satisfy the QoS requirement of the multicast session.
Proposal 7: For multicast MCCH, MCCH change notification can be sent under the following cases:
(5) When the PTM configuration of a multicast session is changed
(6) When a multicast session needs some/all UEs to switch from RRC_INACTIVE state to RRC_CONNECTED state
(7) When a multicast session is deactivated or released
(8) When the configuration for UE to evaluate the reception quality of a multicast session is changed

Proposal 8: For multicast MCCH, a modification period Pm, a repetition period Pr, M transmission periods T(m), m=1=1,….,M and M transmission times C(m), m=1,……,M can be introduced. For a multicast session using the m-th transmission period T(m) and the m-th transmission times C(m), the PTM configuration information and common signalling of the multicast session is sent in the first C(m) repetition periods of the first modification period within each transmission period of T(m) ms long, where Pm=2kPr, T(m)=2k(m)Pm, C(m)<=Pm/Pr, K>=0 is an integer, K(m)>=0 is an integer, m=1,….,M, and M>=1.

Proposal 9: The SIB for configuring multicast MCCH can be area specific.
Proposal 10: On multicast MCCH, a bit mapping of N bits long with each bit for a neighbour cell can be introduced to indicate whether or not a neighbour cell provides the multicast session in RRC_INACITVE state.
Proposal 11: The PTM configuration of a multicast session can be applied for the intra-gNB case.
Proposal 12: For a multicast session in RRC_INACITVE state, a bit mapping of M<=N bits long is introduced on multicast MCCH to indicate whether or not a neighbour cell providing the multicast session in RRC_INACTIVE state has the same PTM configuration as the source cell, where M is the number of the neighbour cells providing the multicast session in RRC_INACTIVE state and N is the number of the neighbour cells.
Proposal 13: For the cast that there’s no PDCP SN synchronization between the source cell and the target cell, UE in RRC_INACTIVE state goes into RRC_CONNECTED state for the multicast session received by it and then is handed over to the target cell.
Proposal 14: For the case that the source cell and the target cell belong to different gNBs, UE in RRC_INACTIVE state goes into RRC_CONNECTED state for the multicast session received by it and then is handed over to the target cell.
Proposal 15: For the intra-gNB case, the PTM configurations of the neighbour cells can be provided to UE via dedicated signalling when UE joins the multicast session.
Proposal 16: For the intra-gNB case, the updated PTM configuration of a neighbour cell is provided on multicast MCCH.
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