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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. In the contribution, the service continuity for broadcast mode is discussed with the focuses on the following topics and the related proposals are suggested.
· MII reporting
· Detailed solution to service continuity for broadcast mode

2. MII reporting
For a UE receiving at least an MBS session and at least a unicast session, the MBS Interest Indication procedure is used by the UE to report the MBS related information to gNB. gNB can use the reported information to ensure the UE can receive these sessions simultaneously as far as possible. In order to make the MII procedure is independent from the existing procedure, it’s better to use a new RRC message to report the MBS related information.
Based on the discussion above, the following proposal is suggested.
[bookmark: OLE_LINK7]Proposal 1: The MII procedure uses a new RRC message.

3. Detailed solution to service continuity for broadcast mode
During the movement, UE needs to execute cell selection/reselection if the related conditions are met. Cell selection/reselection by UE will lead to one of the following two results
Result 1: Target cell is not providing each MBS session received by UE
Result 2: Target cell is providing each MBS session received by UE
Based on different results of cell selection/reselection, UE and gNB will execute different processing. 
[bookmark: OLE_LINK14]3.1 target cell not providing each MBS session
If the target cell can’t provide each MBS session received by UE, in order to continuously receive each MBS session, UE needs to enter into RRC_CONNECTED in the source cell if UE is not in RRC_CONNECTED. Then UE needs to send the measurement report with the MBS session list included, where the MBS session list consists of the TMGIs of all MBS sessions received by UE. The source cell can execute the following processing:
The source cell selects the target cell based on the measurement report by UE and sets up the unicast bearer for each MBS session in the MBS session list but not provided by the target cell. Then the source cell triggers the handover procedure.
· In the Handover Request message, the source cell needs to add the following MBS related information:
· MBS session list: consists of each MBS session received by UE but not provided with a unicast bearer
· Unicast bearer list for MBS sessions: consist of each unicast bear carrying an MBS session
· In the Handover Acknowledge message, the target cell needs to provide the following MBS related information
· MBS session configuration information list
For each MBS session in the MBS session list in the Handover Request message, the target cell adds the MBS configuration information for receiving the MBS session in the target cell into the MBS session configuration information list.
· Unicast bearer configuration information list for MBS sessions 
For each unicast bear in the Unicast bearer list for MBS sessions in the Handover Request message, the target cell sets up a unicast bearer to carry the corresponding MBS session and then add the configuration information of the unicast bearer to the unicast bearer configuration information list for MBS sessions.
· In the Handover Command message, the source cell needs to provide the following MBS related information
· MBS session configuration information list if provided in the Handover Acknowledgement message
· Unicast bearer configuration information list for MBS sessions
· If supported by the UE capability, for an MBS session provided by the target cell, UE can receive the MBS session in both the source cell and the target cell.

Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK8][bookmark: OLE_LINK17][bookmark: OLE_LINK3]Proposal 2: If UE can’t find a target cell providing each MBS session received by UE, UE enters into RRC_CONNECTED in the source cell if UE is not in RRC_CONNECTED. Then UE sends the measurement report with the MBS session list included, where the MBS session list consists of TMGIs of all MBS sessions received by UE.
Proposal 3: The MBS related information is provided in Handover Request, Handover Acknowledge and Handover Command to make UE continue receiving the MBS sessions in the target cell.

3.2 Target cell providing each MBS session
For result 2, UE can continuously receive each MBS session in the target cell with no state transition. How to continue the MBS reception in the target cell and which solutions can be used to reduce the service interruption time in the target cell are discussed in the following two subsections.
3.2.1 Continuous MBS reception in target cell
After selecting the target cell, UE needs to execute the following steps for continuously receiving an MBS session in the target cell:
Step 0: time/frequency synchronization in the target cell (may be acquired during the latest intra-frequency measurement)  
Step 1: Receive PBCH
Step 2: Receive SIB1
Step 3: Receive the MCCH specific SIB based on the SI scheduling information on SIB1
Step 4: Receive MCCH based on the MCCH configuration information on the MCCH specific SIB
Step 5: Receive the MBS session based on the configuration information of the MBS session on MCCH
During the steps 0 through 4, UE can receive an MBS session in the source cell. From step 5 on, UE can receive the MBS session in both the source cell and the target cell for a period. Later UE can stop receiving the MBS session in the source cell. If the time the steps 0-4 consume can be shorten or some steps can be cancelled, the time during which UE only receives the MBS session in the source cell can be shortened and then UE can receive the MBS session with better performance.
But if UE has no capability to receive an MBS session in the source cell during the steps 0 through 4, the service interruption may occur. The service interruption time is the total time the steps 0-4 consume.
Based on the discussion above, the following proposal is suggested.
[bookmark: OLE_LINK9]Proposal 4: If UE has the capability to receive an MBS session in the source cell during the steps 0-4, UE can continue receiving the MBS session in the source cell to avoid the service interruption.
In order to receive an MBS session with better performance or solve the service interruption question, the solution to simplify the service continuity for broadcast mode is discussed in the following subsection.
3.2.2 Solution to simplify service continuity for broadcast mode
For a predefined area covered by an intra-frequency network, the MBS related network planning will be made before MBS sessions with broadcast mode are provided in the predefined area. Based on the MBS related network planning, the solution to simplify the service continuity for broadcast mode is suggested.
Through the MBS related network planning, the same radio resource for transmitting the MBS sessions with broadcast mode will be booked in each cell within the predefined area.
Use the Common Frequency Resource for MTCH (CFR-MTCH) to indicate the booked frequency resource in each cell within the predefined area. The bandwidth of CFR-MTCH is determined according to the bandwidth requirement for the MBS sessions with broadcast mode. CFR-MTCH has the following features:
(1) Contain the initial DL BWP or equal to the initial DL BWP/CORESET 0
(2) CFR-MTCH has the same numerology (CP and SCS) as the initial DL BWP/CORESET 0
CFR-MTCH has the following configuration information:
(1) Starting point and bandwidth
(2) [bookmark: OLE_LINK4]A cell list if CFR-MTCH is area specific: the predefined area consists of the cells indicated by the cell list.
When CFR-MTCH is area specific, UE can use the configuration information of CFR-MTCH obtained from the source cell as the configuration information of CFR-MTCH in the target cell.
Similar as CFR-MTCH, a CFR for MCCH denoted by CFR-MCCH can be configured. CFR-MCCH is applied in each cell within the predefined area. CFR-MCCH has the following features:
(1) Contain the initial DL BWP or equal to the initial DL BWP/CORESET 0
(2) CFR-MCCH has the same numerology (CP and SCS) as the initial DL BWP/CORESET 0
CFR-MCCH has the following configuration information:
(1) Starting point and bandwidth
(2) A cell list if CFR-MCCH is area specific: the predefined area consists of the cells indicated by the cell list.
It’s better to make CFR-MCCH within CFR-MTCH. It’s better to make CFR-MCCH is just the initial DL BWP where each cell in the predefined area has the same initial DL BWP.
Based on the area specific CFR-MCCH, the MCCH configuration information can be area specific, which means UE has no need to execute step 3 and can receive MCCH in the target cell using the MCCH configuration information acquired in the source cell. If the MCCH configuration information is area specific, the MCCH specific SIB denoted by SIB x is area specific. Therefore the area specific SIB x can reduce the service interruption time.
Based on the area specific CFR-MTCH, the PTM bearer of an MBS session can be configured as area specific, which means if both the source cell and the target cell provide an MBS session, UE has no need to execute steps 3-4 and can use the configuration information of the PTM bearer of the MBS session acquired in the source cell to receive the MBS session in the target cell in parallel with step 1. In detail, the area specific PTM bearer has the following features.
(1) carry the same MBS session in each cell
(2) use the same G-RNTI/G-CS-RNTI in each cell
(3) use the same CFR-MTCH in each cell
(4) use the same CORESETs/CSSs in each cell
(5) use the same GC-PDCCH/GC-PDSCH parameters in each cell
(6) use the same PDCP/RLC configuration in each cell
(7) The radio resource for the PTM bearer is scheduled independently in each cell, which means that the DRX mode of the PTM bearer can be configured independently in each cell. Even if the same DRX mode is applied for the PTM bearer in each cell, the scheduling of the PTM bearer can be independently in each cell.
Based on the above analysis, after step 0 in the target cell, UE can use the area specific PTM bearer to continuously receive the MBS session in the target cell in parallel with step 1, which can improve the reception performance or reduce the service interruption time to the maximum degree.
[bookmark: OLE_LINK5]The area specific SIB x is supported as other area specific SIBs, where the area is the predefined area. For the area specific PTM bearer to be validated in each cell in the predefined area, an indicator should be added into the configuration information of the PTM bearer to show whether or not the PTM bearer is area specific. But if not each cell in the predefined area broadcasts the MBS session associated with the area specific PTM bearer, a cell list needs to be added into the configuration information of the PTM bearer to indicate the cells broadcasting the MBS session. As a typical configuration, the predefined area can consist of the cells of the same gNB-CU/gNB-DU.
Based on the discussion above, the following proposals are suggested.
[bookmark: OLE_LINK10][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK79]Proposal 5: The PTM bearer of an MBS session can be area specific, which means UE can use the configuration information of the PTM bearer acquired in the source cell to continuously receive the MBS session in the target cell if these two cells belong to the same area.
[bookmark: OLE_LINK15]Proposal 6: For the area specific PTM bearer to be validated in the associated area, an indicator to show whether or not the PTM bearer is area specific or a cell list to indicate the associated area needs to be added into the configuration information of the PTM bearer.
In the gNB side, one CFR-MTCH is enough. But in the UE side, the bandwidth for receiving an MBS session should be as small as possible to reduce the power consumption of the UE as much as possible. Therefore, if the entire bandwidth of CFR-MTCH is far greater than the initial DL BWP, CFR-MTCH can be divided into several sub-BWPs as shown in Figure 1. In Figure 1, five sub-BWPs are defined: BWP 1~BWP5. Each sub-BWP has the following features:
· Contain the initial DL BWP
· [bookmark: OLE_LINK16]Contain the CORESETs/CSSs for MCCH and MTCH
· Contain MCCH
· If sub-BWPs are configured, it’s better to make:
· CORESETs/CSSs for MCCH and MTCH in the initial DL BWP
· MCCH in the initial DL BWP
If the frequency resource for transmitting an MBS session is always within a sub-BWP, gNB can use MCCH to indicate to UE the BWP for the MBS session is the sub-BWP instead of CFR-MTCH. For example, the MBS sessions of voice type are scheduled using the SPS resource within BWP 1 in Figure 1. Under such case, the BWP for each MBS session of voice type is BWP 1 instead of CFR-MTCH. If UE needs to receive different MBS sessions on different sub-BWPs, UE should work on the combined bandwidth consisting of these sub-BWPs.


[image: ]
Figure 1: Sub-BWPs for D2-FR

Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK18]Proposal 7: If the bandwidth of CFR-MTCH is far greater than the initial DL BWP, the CFR per MBS session is indicated on MCCH. 

4. Conclusion
Based on the discussion in the above section, the following proposals are suggested.
Proposal 1: The MII procedure uses a new RRC message.
Proposal 2: If UE can’t find a target cell providing each MBS session received by UE, UE enters into RRC_CONNECTED in the source cell if UE is not in RRC_CONNECTED. Then UE sends the measurement report with the MBS session list included, where the MBS session list consists of TMGIs of all MBS sessions received by UE.
Proposal 3: The MBS related information is provided in Handover Request, Handover Acknowledge and Handover Command to make UE continue receiving the MBS sessions in the target cell.
Proposal 4: If UE has the capability to receive an MBS session in the source cell during the steps 0-4, UE can continue receiving the MBS session in the source cell to avoid the service interruption.
Proposal 5: The PTM bearer of an MBS session can be area specific, which means UE can use the configuration information of the PTM bearer acquired in the source cell to continuously receive the MBS session in the target cell if these two cells belong to the same area.
Proposal 6: For the area specific PTM bearer to be validated in the associated area, an indicator to show whether or not the PTM bearer is area specific or a cell list to indicate the associated area needs to be added into the configuration information of the PTM bearer.
Proposal 7: If the bandwidth of CFR-MTCH is far greater than the initial DL BWP, the CFR per MBS session is indicated on MCCH. 
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