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1. Introduction
[bookmark: OLE_LINK3]The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. In the past RAN2 meetings, two delivery modes were defined to provide MBS in a cell. Delivery mode 1 is used to provide an MBS session with both the PTM bearer and the PTP bearer while delivery mode 2 is used to provide an MBS session with only the PTM bearer. In the contribution, the service continuity for delivery mode 1 is discussed with the focuses on the following topics and the related proposals are suggested.
(1) [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Service continuity for mobility
(2) [bookmark: OLE_LINK77][bookmark: OLE_LINK78]Service continuity for PTM/PTP switch
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref40865202]
2 Service continuity for mobility
[bookmark: OLE_LINK4]For a UE receiving an MBS session with delivery mode 1 in RRC_CONNECTED, both the PTM bearer and the PTP bearer are configured for the UE. During the MBS session transmission, the following three cases exist. If a bearer is really used for the MBS transmission, the state of the bearer is available. Otherwise, the state of the bearer is not available. During the case-to-case switch, the lossless switch shall be supported to the maximum degree.
Case 1: source cell only uses PTP bearer
Case 2: source cell only uses PTM bearer
Case 3: source cell uses both bearers
During the UE mobility from the source cell to the target cell, there exist the following three handover scenarios.
[bookmark: OLE_LINK79]Scenario 1: both the source cell and the target cell support MBS, but the MBS session received by the UE is not provided in the target cell.
Scenario 2: The MBS session received by the UE is provided in the target cell.
Scenario 3: The target cell doesn't support MBS.
[bookmark: OLE_LINK81]For scenario 1, the following handover procedure is executed.
The source cell makes the PTP bearer available before the handover procedure is triggered. During the handover procedure, the following processing shall be done for the UE to continue the MBS session reception in the target cell.
· STEP1: The source cell sends the Handover Request message to the target cell with the MBS session related information included. The MBS session related information at least includes TMGI of the MBS session.
· [bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK80]STEP 2: If the MBS session indicated by TMGI is not provided in the target cell, the target cell can trigger 5GC to send the MBS session to it. Then the target cell sets up a PTM bearer and a PTP bearer for the UE. The target cell sends the configuration information of these two bearers in the Handover Acknowledge message. The configuration information of these two bearers includes a 1-bit flag to indicate these two bearers are newly set up.
· [bookmark: OLE_LINK84]STEP 3: The source cell sends the Handover Command message to the UE with the configuration information of the PTM and PTP bearers included. At the same time, the source cell forwards to the target cell all PDCP SDUs from the earliest PDCP SDU for each RB of the MBS session.
· STEP 4: If the target cell receives the first PDCP SDU for each RB of the MBS session from 5GC, it can send to the source cell a message with the SN of the first PDCP SDU of each RB included.
· STEP 5: When the source cell receives the message, it can stop forwarding according to the SNs included in the message.
· STEP 6: When receiving the Handover Command message, the UE can receive the MBS session in the target cell with both the PTM bearer and the PTP bearer according to the configuration information of these two bearers.
[bookmark: OLE_LINK85]
For scenario 2, the following modification is needed compared with the handover procedure for scenario 1.
· STEP 2: For the MBS session indicated by TMGI, the target cell finds a PTM bearer has been configured. The target cell sets up a PTP bearer for the UE. Then send the configuration information of the PTM and PTP bearers and the SN related information in the Handover Acknowledge message. The SN related information includes the SN of the earliest PDCP SDU for each RB of the MBS session.
· STEP 3: The source cell sends the Handover Command message to the UE with the configuration information of the PTM and PTP bearers included. At the same time, the source cell forwards the PDCP SDUs for each RB of the MBS session according to the SN related information.
· STEPS 4 and 5: not needed.

For scenario 3, a unicast bearer for the MBS session is set up for the UE in the source cell and then the source cell triggers the Handover procedure, where the source cell can make the PTP bearer available if not available before and then reconfigure the PTP bearer as the unicast bearer for the MBS session.
Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK49][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: If the target cell supports MBS, the source cell shall: 
· Make the PTP bearer for the MBS session available if not available before
· Send the MBS session related information in the Handover Request message. The MBS session related information at least includes TMGI of the MBS session received by UE with delivery mode 1.
Proposal 2: If supporting MBS, the target cell can trigger 5GC to provide an MBS session to it.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 3: If supporting MBS, the target cell needs to send the configuration information of the PTM and PTP bearers for the MBS session in the Handover Acknowledge message, where the MBS session is indicated by TMGI in the Handover Request message.
Proposal 4: If an MBS session is newly provided in the target cell with a PTM bearer and a PTP bearer, the target cell shall send an indicator in the Handover Acknowledge message. When the first PDCP SDU for each RB of the MBS session is received by the target cell, the target cell needs to send a message to the source cell with the SN of the first PDCP SDU for each RB of the MBS session included. 
Proposal 5: The source cell sends the Handover Command message to the UE where the message includes the configuration information of the PTM and PTP bearers for the MBS session received by the UE.
Proposal 6: UE needs to continuously receive the MBS session in the target cell according to the configuration information of the PTM and PTP bearers in the Handover Command message.

3 Service continuity for PTM/PTP switch
For an MBS session with delivery mode 1, each PDCP entity of the MBS session is connected to 1+K RLC entities with one RLC entity for the PTM bearer and one RLC entity for each PTP bearer, where K is the number of the UEs receiving the MBS session and each UE has a PTP bearer.
If the PTM bearer of an MBS session is available, each PDCP entity of the MBS session needs to send the PDCP PDUs to the RLC entity for the PTM bearer. If a PTP bearer is available, each PDCP entity of the MBS session needs to send the PDCP PDUs to the RLC entity for the PTP bearer. The PDCP entities of the MBS session control the PTM/PTP switch for each UE. If the lossless PTM/PTP switch shall be supported, each PDCP entity of the MBS session is used to realize such lossless PTM/PTP switch.
The possible PTM/PTP switch scenarios can be divided into three classes: 
Class 1:PTP not available to PTP available
· PTM to PTP
· PTM to both PTM and PTP
Class 2: PTP available to PTP not available
· both PTP and PTM to PTM
· PTP to PTM
Class 3: PTP available to PTP available
· PTP to both PTP and PTM
· both PTP and PTM to PTP
[bookmark: OLE_LINK6]After the PTM/PTP switch for a UE from PTP not available to PTP available, gNB can trigger a PDCP status report for the UE. gNB can ensure no loss PTM/PTP switch according to the PDCP status report by the UE.
[bookmark: OLE_LINK5]During the PTM/PTP switch for a UE from PTP available to PTP not available, gNB can trigger a PDCP status report for the UE. According to the PDCP status report, gNB can find those PDCP SDUs which need to be transmitted but can’t be transmitted with the PTM bearer. gNB uses the PTP bearer to transmit those PDCP SDUs. After those PDCP SDUs are correctly received by the UE, gNB can make the PTP bearer into not available.
During the PTM/PTP switch for a UE from PTP to both PTP and PTM, gNB can trigger a PDCP status report for the UE. According to the PDCP status report, gNB can find those PDCP SDUs which need to be transmitted but can’t be transmitted with the PTM bearer. gNB uses the PTP bearer to transmit those PDCP SDUs. gNB can use both the PTP bearer and the PTM bearer to transmit each new PDCP SDUs.
[bookmark: OLE_LINK8]During the PTM/PTP switch for a UE from both PTP and PTM to PTP, gNB can trigger a PDCP status report for the UE alternatively.
The triggers for the PTM/PTP switch of an MBS session can come from the RRC layer or the MAC layer. 
Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK23]Proposal 7: After the PTM/PTP switch for a UE from PTP not available to PTP available, gNB can trigger a PDCP status report for the UE.
Proposal 8: During the PTM/PTP switch for a UE from PTP available to PTP not available, gNB can trigger a PDCP status report for the UE. According to the PDCP status report, gNB can find those PDCP SDUs which need to be transmitted but can’t be transmitted with the PTM bearer. gNB uses the PTP bearer to transmit those PDCP SDUs. After those PDCP SDUs are correctly received by the UE, gNB can make the PTP bearer into not available.
[bookmark: OLE_LINK7][bookmark: _GoBack]Proposal 9: During the PTM/PTP switch for a UE from PTP to both PTP and PTM, gNB can trigger a PDCP status report for the UE.
Proposal 10: During the PTM/PTP switch for a UE from both PTP and PTM to PTP, gNB can trigger a PDCP status report for the UE alternatively.
Proposal 11: The triggers for the PTM/PTP switch of an MBS session can come from the RRC layer or the MAC layer. The related triggers can be sent to the PDCP entities of the MBS session.


4 Conclusion
Based on the discussion in the above sections, the following proposals are suggested.
Proposal 1: If the target cell supports MBS, the source cell shall: 
1. Make the PTP bearer for the MBS session available if not available before
1. Send the MBS session related information in the Handover Request message. The MBS session related information at least includes TMGI of the MBS session received by UE with delivery mode 1.
Proposal 2: If supporting MBS, the target cell can trigger 5GC to provide an MBS session to it.
Proposal 3: If supporting MBS, the target cell needs to send the configuration information of the PTM and PTP bearers for the MBS session in the Handover Acknowledge message, where the MBS session is indicated by TMGI in the Handover Request message.
Proposal 4: If an MBS session is newly provided in the target cell with a PTM bearer and a PTP bearer, the target cell shall send an indicator in the Handover Acknowledge message. When the first PDCP SDU for each RB of the MBS session is received by the target cell, the target cell needs to send a message to the source cell with the SN of the first PDCP SDU for each RB of the MBS session included. 
Proposal 5: The source cell sends the Handover Command message to the UE where the message includes the configuration information of the PTM and PTP bearers for the MBS session received by the UE.
Proposal 6: UE needs to continuously receive the MBS session in the target cell according to the configuration information of the PTM and PTP bearers in the Handover Command message.
Proposal 7: After the PTM/PTP switch for a UE from PTP not available to PTP available, gNB can trigger a PDCP status report for the UE.
Proposal 8: During the PTM/PTP switch for a UE from PTP available to PTP not available, gNB can trigger a PDCP status report for the UE. According to the PDCP status report, gNB can find those PDCP SDUs which need to be transmitted but can’t be transmitted with the PTM bearer. gNB uses the PTP bearer to transmit those PDCP SDUs. After those PDCP SDUs are correctly received by the UE, gNB can make the PTP bearer into not available.
Proposal 9: During the PTM/PTP switch for a UE from PTP to both PTP and PTM, gNB can trigger a PDCP status report for the UE.
Proposal 10: During the PTM/PTP switch for a UE from both PTP and PTM to PTP, gNB can trigger a PDCP status report for the UE alternatively.
Proposal 11: The triggers for the PTM/PTP switch of an MBS session can come from the RRC layer or the MAC layer. The related triggers can be sent to the PDCP entities of the MBS session.
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