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1. Introduction
During the RAN2#121bis-e meeting, the following agreements on control plane of multicast reception in RRC_INACTIVE state were made for the 3GPP R18 WI “Enhancements of NR Multicast and Broadcast services”.
Similar to Rel-17 broadcast reception procedure, UE acquires new SIB and multicast MCCH to get PTM configuration after cell reselection.
When a UE reselects to a cell for which PTM configuration is not available in multicast MCCH, the UE initiates RRC resumption procedure for an active multicast session it is interested to receive or continue receiving.
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.
Frequency prioritization may be provided to the UE for cell reselection for multicast reception in RRC_INACTIVE, detailed mechanism on how to identify the frequency info (e.g., SAI, USD, or frequency info directly provided by network) is FFS.
No need to define a mechanism other than the frequency prioritization, i.e., per cell based prioritization in cell re-selection, to help UE choose the right cell to camp on.
The neighbor cell list mechanism for multicast reception in RRC_INACTIVE may be configured e.g. it can be used by UE to resume RRC connection if service is not available in the re-selected cell by NCL, without reading MCCH in the re-selected cell, in some aspects similar to Rel-17 NCL mechanism in MBS broadcast.
A "special UE" identified by MBS assistance information from 5GC can be released to RRC_INACTIVE (e.g., when the session is deactivated). FFS how can network enable such UE to resume to RRC_CONNECTED upon session activation
Rel-18 UE can stay in RRC_INACTIVE and start monitoring corresponding G-RNTI upon an enhanced group paging (e.g., upon session activation or data transmission resumed). Details FFS.
For one UE already in RRC_INACTIVE, it can stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon events like session deactivation/temporary no data.
FFS which option to take: enhanced group paging or enhanced MCCH, to enable Rel-18 UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon events like session deactivation/temporary no data.
No additional enhancement (with regard to enhancements made for ‘deactivation/temp no data’) is needed specifically for enabling UE to stay in RRC_INACTIVE and stop monitoring corresponding G-RNTI upon session release.
Legacy group paging (i.e., Rel-17 group paging) can be used to resume UE to RRC_CONNECTED state.
Upon events like session activation/data transmission resumed, if PTM configuration is not available to UE, UE initiates RRC connection resumption.
UE-specific paging (i.e. PagingRecordList) can be used to move specific MBS multicast UE(s) to RRC_CONNECTED (i.e. legacy UE behavior).
When both enhanced group paging and unicast paging are received by the UE (and targeted for this UE), the UE follows unicast Paging and goes to RRC CONNECTED.

In the contribution, the following content is discussed with the related proposals suggested.
(1) FFS items in the agreements in the last RAN2 meeting
(2) MCCH modification notification
(3) Service continuity
2. FFS items in last RAN2 meeting
In the last RAN2 meeting, enhanced group paging was agreed to send multicast session activation notification and make UE receive the corresponding multicast session in RRC_INACTIVE state. But the details of enhanced group paging are FFS. From our point of view, the following information can be sent on enhanced group paging.
(1) TMGI of activated multicast session: used to indicate to UE which multicast session is activated 
(2) RRC_INACTIVE state indicator (optional): 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) PRACH configuration information (optional): used by UE to initiate the random access procedure for multicast reception in RRC_CONNECTED state if the reception quality of the multicast session can’t be met in UE.
According to the agreement in the last RAN2 meeting, UE in RRC_INACTIVE stays in RRC_INACTIVE and stops monitoring the corresponding G-RNTI upon events like session deactivation/temporarily no data. But How to send session deactivation notification is not decided yet. From our point of view, enhanced MCCH can be used to send session deactivation notification. In detail, the following information can be sent on enhanced MCCH for multicast session deactivation notification. How many times multicast session deactivation notification is sent is up to 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): 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. 
According to the agreement in the last RAN2 meeting, UE can trigger RRC connection resumption if the reception quality of a multicast session is below a configured threshold. How to specify the threshold/reception quality is FFS. From our point of view, the following information can be used by UE to evaluate the reception quality of a multicast session:
(1) Expected BLER of multicast session (optional)
(2) RSRP/RSRQ threshold of multicast session (optional)
(3) Duration for reception quality evaluation: indicate to UE a time interval during which the reception quality evaluation can be made for the corresponding multicast session.
The reception quality information can be sent to UE via dedicated signalling or enhanced MCCH. In detail, the reception quality information can be sent to UE via dedicated signalling before UE is released to RRC_INACTIVE state. Each time the reception quality information is updated, the updated information can be sent to UE on enhanced MCCH.
In the last RAN2 meeting, how to define the PTM configuration of a multicast session in RRC_INACTIVE state is not discussed. From our point of view, both dynastic scheduling and SPS scheduling can be used for multicast sessions in RRC_INACTIVE state. When dynastic scheduling is used for a multicast session, the PTM configuration of the multicast session needs to include the following information:
(1) TMGI
(2) G-RNTI
(3) DRX mode
(4) PDCCH occasion to SSB mapping window
(5) PDSCH parameters
(6) MRB list
(7) Bit mapping for indicating whether or not a neighbour cell provides the same multicast session in RRC_INACTIVE state
(8) Bit mapping for indicating whether or not the same PTM configuration is applied in a neighbour cell providing the same multicast session in RRC_INACTIVE state

When SPS scheduling is used for a multicast session, the PTM configuration of the multicast session needs to include the following information:
(1) TMGI
(2) G-CS-RNTI
(3) SPS resource list
(4) Activated SPS resource
(5) DRX mode
(6) PDCCH occasion to SSB mapping window
(7) PDSCH parameters
(8) MRB list
(9) Bit mapping for indicating whether or not a neighbour cell provides the same multicast session in RRC_INACTIVE state
(10) Bit mapping for indicating whether or not the same SPS resource is activated in a neighbour cell providing the same multicast session
For a multicast session with SPS scheduling, both PDCCH and multicast MCCH can be used to send the configuration information of the activated SPS resource. When the SPS resource is activated for the first time or activated for the first time after the data resumes, PDCCH with CRC scrambled by G-CS-RNTI can be used to activate the SPS resource. At the same time multicast MCCH can be used to send the configuration information of the activated SPS resource periodically. Each time the activated SPS resource is updated, multicast MCCH can be used to send the configuration information of the updated activated SPS resource.
Based on the above discussion, the following proposals are suggested.
Proposal 1: Enhanced group paging is used to send the following information for multicast session activation in RRC_INACTIVE state:
(1) TMGI of activated multicast session
(2) RRC_INACTIVE state indicator
(3) PTM configuration of activated multicast session (optional)
(4) PRACH configuration information (optional)

Proposal 2: Enhanced MCCH is used to send multicast session deactivation notification.
Proposal 3: Multicast session deactivation notification is used to send the following information:
(1) TMGI of deactivated multicast session
(2) Deactivation indicator
(3) PTM configuration of multicast session (optional)

Proposal 4: The following information can be used by UE to evaluate the reception quality of a multicast session:
(1) Expected BLER of multicast session (optional)
(2) RSRP/RSRQ threshold of multicast session (optional)
(3) Duration for reception quality evaluation
Proposal 5: The reception quality information can be sent to UE via dedicated signalling or enhanced MCCH. 
Proposal 6: The reception quality information can be sent to UE via dedicated signalling before UE is released to RRC_INACTIVE state. 
Proposal 7: Each time the reception quality information is updated, the updated information can be sent to UE on enhanced MCCH.

Proposal 8: When dynastic scheduling is used for a multicast session, the PTM configuration of the multicast session includes the following information:
(1) TMGI
(2) G-RNTI
(3) DRX mode
(4) PDCCH occasion to SSB mapping window
(5) PDSCH parameters
(6) MRB list
(7) Bit mapping for indicating whether or not a neighbour cell provides the same multicast session in RRC_INACTIVE state
(8) Bit mapping for indicating whether or not the same PTM configuration is applied in a neighbour cell

Proposal 9: When SPS scheduling is used for a multicast session, the PTM configuration of the multicast session includes the following information:
(1) TMGI
(2) G-CS-RNTI
(3) SPS resource list
(4) Activated SPS resource
(5) DRX mode
(6) PDCCH occasion to SSB mapping window
(7) PDSCH parameters
(8) MRB list
(9) Bit mapping for indicating whether or not a neighbour cell provides the same multicast session in RRC_INACTIVE state
(10) Bit mapping for indicating whether or not the same PTM configuration is applied in a neighbour cell

Proposal 10: Both PDCCH and multicast MCCH can be used to send the configuration information of the activated SPS resource. 
Proposal 11: When the SPS resource is activated for the first time or activated for the first time after the data resumes, PDCCH with CRC scrambled by G-CS-RNTI can be used to activate the SPS resource. At the same time multicast MCCH can be used to send the configuration information of the activated SPS resource periodically. 
Proposal 12：Each time the activated SPS resource is updated, multicast MCCH can be used to send the configuration information of the updated activated SPS resource.

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 a new multicast session is carried on MCCH
(2) When the PTM configuration of a multicast session in RRC_INACTIVE state is changed
(3) When a multicast session in RRC_INACTIVE state is deactivated
(4) When the threshold/reception quality of a multicast session in RRC_INACTIVE state 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 13: For multicast MCCH, MCCH change notification can be sent under the following cases:
(1) When a new multicast session is carried on MCCH
(2) When the PTM configuration of a multicast session in RRC_INACTIVE state is changed
(3) When a multicast session in RRC_INACTIVE state is deactivated
(4) When the threshold/reception quality of a multicast session in RRC_INACTIVE state is changed

Proposal 14: 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 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 consists of all or some 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 for the intra-gNB case.
Option 1: For a multicast session in RRC_INACITVE state, a bit mapping of 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 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. Therefore, option 1 is suggested to be used for indicating the area specific PTM configuration for the intra-gNB case.
In order to support service continuity during UE mobility, the following case shall be considered.
Case 1: There’s no PDCP SN synchronization between the source cell and the target cell
Under case 1, it’s better that UE in RRC_INACTIVE state goes into RRC_CONNECTED state and then is handed over to the target cell. According to the agreement in the last RAN2 meeting, a neighbour cell list is introduced for a multicast session to indicate whether or not a neighbour cell is providing the same multicast session. Therefore, if the PDCP SN synchronization is NOT available in a neighbour cell, gNB indicates in the neighbour cell list that the neighbour cell is NOT providing the same multicast session.
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 enhanced MCCH.
Based on the above discussion, the following proposals are suggested.
Proposal 15: The SIB for configuring multicast MCCH can be area specific.
Proposal 16: The PTM configuration of a multicast session can be applied for the intra-gNB case.
Proposal 17: For a multicast session in RRC_INACITVE state, a bit mapping of N bits long is introduced on multicast MCCH to indicate whether or not a neighbour cell has the same PTM configuration as the source cell, where N is the number of the neighbour cells.
Proposal 18: 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 and then is handed over to the target cell.
Proposal 19: if the PDCP SN synchronization is NOT available in a neighbour cell, gNB indicates in the neighbour cell list of a multicast session in RRC_INACTIVE state that the neighbour cell is NOT providing the same multicast session.
Proposal 20: 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 21: For the intra-gNB case, the updated PTM configuration of a neighbour cell is provided on enhanced MCCH.

5. Conclusion
Based on the discussion in the former sections, the following proposals are suggested.
Proposal 1: Enhanced group paging is used to send the following information for multicast session activation in RRC_INACTIVE state:
(1) TMGI of activated multicast session
(2) RRC_INACTIVE state indicator
(3) PTM configuration of activated multicast session (optional)
(4) PRACH configuration information (optional)

Proposal 2: Enhanced MCCH is used to send multicast session deactivation notification.
Proposal 3: Multicast session deactivation notification is used to send the following information:
(1) TMGI of deactivated multicast session
(2) Deactivation indicator
(3) PTM configuration of multicast session (optional)

Proposal 4: The following information can be used by UE to evaluate the reception quality of a multicast session:
(1) Expected BLER of multicast session (optional)
(2) RSRP/RSRQ threshold of multicast session (optional)
(3) Duration for reception quality evaluation
Proposal 5: The reception quality information can be sent to UE via dedicated signalling or enhanced MCCH. 
Proposal 6: The reception quality information can be sent to UE via dedicated signalling before UE is released to RRC_INACTIVE state. 
Proposal 7: Each time the reception quality information is updated, the updated information can be sent to UE on enhanced MCCH.

Proposal 8: When dynastic scheduling is used for a multicast session, the PTM configuration of the multicast session includes the following information:
(1) TMGI
(2) G-RNTI
(3) DRX mode
(4) PDCCH occasion to SSB mapping window
(5) PDSCH parameters
(6) MRB list
(7) Bit mapping for indicating whether or not a neighbour cell provides the same multicast session in RRC_INACTIVE state
(8) Bit mapping for indicating whether or not the same PTM configuration is applied in a neighbour cell

Proposal 9: When SPS scheduling is used for a multicast session, the PTM configuration of the multicast session includes the following information:
(1) TMGI
(2) G-CS-RNTI
(3) SPS resource list
(4) Activated SPS resource
(5) DRX mode
(6) PDCCH occasion to SSB mapping window
(7) PDSCH parameters
(8) MRB list
(9) Bit mapping for indicating whether or not a neighbour cell provides the same multicast session in RRC_INACTIVE state
(10) Bit mapping for indicating whether or not the same PTM configuration is applied in a neighbour cell

Proposal 10: Both PDCCH and multicast MCCH can be used to send the configuration information of the activated SPS resource. 
Proposal 11: When the SPS resource is activated for the first time or activated for the first time after the data resumes, PDCCH with CRC scrambled by G-CS-RNTI can be used to activate the SPS resource. At the same time multicast MCCH can be used to send the configuration information of the activated SPS resource periodically. 
Proposal 12：Each time the activated SPS resource is updated, multicast MCCH can be used to send the configuration information of the updated activated SPS resource.

Proposal 13: For multicast MCCH, MCCH change notification can be sent under the following cases:
(1) When a new multicast session is carried on MCCH
(2) When the PTM configuration of a multicast session in RRC_INACTIVE state is changed
(3) When a multicast session in RRC_INACTIVE state is deactivated
(4) When the threshold/reception quality of a multicast session in RRC_INACTIVE state is changed

Proposal 14: 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 15: The SIB for configuring multicast MCCH can be area specific.
Proposal 16: The PTM configuration of a multicast session can be applied for the intra-gNB case.
Proposal 17: For a multicast session in RRC_INACITVE state, a bit mapping of N bits long is introduced on multicast MCCH to indicate whether or not a neighbour cell has the same PTM configuration as the source cell, where N is the number of the neighbour cells.
Proposal 18: 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 and then is handed over to the target cell.
Proposal 19: if the PDCP SN synchronization is NOT available in a neighbour cell, gNB indicates in the neighbour cell list of a multicast session in RRC_INACTIVE state that the neighbour cell is NOT providing the same multicast session.
Proposal 20: 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.
[bookmark: _GoBack]Proposal 21: For the intra-gNB case, the updated PTM configuration of a neighbour cell is provided on enhanced MCCH.
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