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Introduction

From the NR WID of NR Multicast and Broadcast services[1], basic mobility with service continuity should be supported as below:

	Specify support for basic mobility with service continuity [RAN2, RAN3].


In this contribution, discussion on the basic mobility of service continuity issue in NR Multicast and Broadcast services is provided.
Discussion

To support the basic mobility with service continuity in NR MBS, the basic scenario of MBS mobility should be considered. We believe that intra-NR mobility should be considered as the basic scenario of MBS mobility. And the intra-NR can be divided into two sub-scenarios: inter-CU mobility and intra-CU mobility. Considering that the basic process of inter-CU mobility can cover the process of intra-CU mobility, we recommend the inter-CU mobility scenario as a typical mobility scenario.

When it comes to the session type in NR MBS, both the multicast session and broadcast session should be supported. However, different mechanism for service continuity in mobility can be applied for multicast session and broadcast session. We think it is necessary to discuss the issue of service continuity of mobility with broadcast session and multicast session separately.

Broadcast session
The basic inter-CU mobility procedures with broadcast session
When the gNB provides UEs with Broadcast service, the UEs may be in RRC_ IDLE, RRC_ INACTIVE or RRC_CONNECTED. When a UE moves from source gNB to target gNB, the UE in different RRC states may perform different mobility procedure. In this case, when we consider supporting the service continuity of mobility with broadcast session, it is natural to choose a general solution to ensure that all kinds of RRC state UEs are available. To solve this problem. According to the R13-MBMS specification, the following solutions for service continuity scheme are introduced[2]:

The UE is able to know whether the neighbour frequencies support the MBMS services by the USD and SIB15 from the source cell.

The SC-MCCH indicates availability in neighbour cells of each MBMS service included in SC-MCCH in the source cell.

The main idea of the above methods is to let the source gNB inform UE the list of neighbour cells who is providing the same MBS broadcast session. And the source gNB may provide the information by system information or a specific broadcast control channel. We can see that the solutions above are also suitable in NR architecture, it is natural to consider reuse them in NR. And we think the solutions for broadcast session service continuity in LTE eMBMS can be taken as a baseline in NR.

Proposal 1: For broadcast session, the service continuity of mobility solutions in LTE eMBMS as a baseline in R17-MBS.
In order to support the service continuity of mobility solutions above in NR, a specific system information or broadcast control channel should be designed to make UE aware of which neighbor frequency is providing the same MBS services. Since NR may be designed with a CU-DU split architecture, the following issues need to be considered to support the above system information:

The specific system information or broadcast control channel mainly includes the neighbor cells information, e.g. the SAI, neighbor frequency, the MBS session ID and so on. We can see that the above information is obtained by CU from the neighbor cells. So it is the CU to generate the specific system information or broadcast control channel. And the CU needs to send it to the DU as well as indicate the DU to broadcast the system information to UE. In this case, the associated F1AP messages needs to be designed.

For the UE (including UE in RRC_ IDLE, RRC_ INACTIVE or RRC_CONNECTED state) of on-demand request  for the above specific system information, the CU needs to send it to the DU as well as indicate the DU to send the system information to the specific UE. In this case, the associated F1AP messages needs to be enhanced.

Proposal 2: Specify system information and broadcast control channel for broadcast session, with solution in LTE eMBMS as baseline.
Proposal 3: Specify F1AP messages to support the system information and broadcast control channel information transmission.
multicast session

The basic inter-CU mobility procedures with multicast session
When the gNB provides UEs with multicast service, the UEs shall at least be in RRC_CONNECTED. For UEs in RRC_CONNCETED and associated with a specific Multicast session, when the UE is about to move from the source gNB to the target gNB, the UE may perform a handover procedure similar to the mobility defined in NR Rel-15/16. The basic mobility procedure can be as shown in Figure1.
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Figure.1 The basic inter-CU mobility procedure with multicast service

The first step, the UE sends MeasurementReport message to the source gNB. This report is based on a Measurement Configuration the UE received from the source gNB beforehand.

Step two, the source gNB sends an HANDOVER REQUEST message to the target gNB with necessary information to notify target gNB. In this step, the source gNB can inform the target gNB the UE’s on-going or interested MBS services. So that the target gNB can try to establish the same MBS service in time which  can help guarantee to provide the Multicast session service to UE.
Step three, the target gNB performs admission control and responds to the source gNB with HANDOVER REQUEST ACKNOWLEDGE message which includes a RRCReconfiguration message. The HANDOVER REQUEST ACKNOWLEDGE message mainly contains the information required for the UE to access the target side. In this step, the target gNB can inform its supported MBS services and related configuration information to source gNB via Xn interface and the source gNB can send them to UE. So that the UE can receive the MBS services from the target gNB as early as possible to shorten the service interruption.
Step four, the source gNB forwards the received RRCReconfiguration message to the UE in HO Command.

Step five, the UE performs a Random Access procedure to the target gNB.

Step six, after successfully access to the target gNB, the UE responds to the target gNB with an RRCReconfigurationComplete message. And the handover procedure is finished.

From the above multicast handover process, we can see that, some mobility enhancement solutions can be considered to provide service continuity even when the MBS session is not available in the target gNB. 
Proposal 4: For Multicast session, consider enhancements to the current HO procedure for RRC_CONNECTED UE from the following two aspects: 1) HO request, e.g., to include UE's associated Multicast session context; 2) HO request ack, e.g., to include the scheduling information to source gNB. 

During HO in the NR inter-CU mobility procedure, the source gNB may perform data-forwarding procedure to ensure less packet loss or even lossless transmission. For the forwarded downlink multicast session packets to the target gNB, the source gNB may not able to mark the end-marker with a PDCP SN, since the target gNB may not able to recognize the PDCP SN. In this case, the target gNB may not be able to reorder the packets received from the source gNB and the packets received from the UPF and not be able to make sure UE receives without losing any packets. Therefore, it is impossible to guarantee the lossless transmission without a common packet mark or numbering mechanism from core network, e.g., UPF based data packet numbering.
Therefore, it is suggested:

Proposal 5: Deprioritize the feature of lossless in mobility for Multicast session.
Conclusion

In this contribution, we discussed the issues on mobility with service continuity in R17-MBS. And we have the following proposals:

Proposal 1: For broadcast session, the service continuity of mobility solutions in LTE eMBMS as a baseline in R17-MBS.
Proposal 2: Specify system information and broadcast control channel for broadcast session, with solution in LTE eMBMS as baseline.
Proposal 3: Specify F1AP messages to support the system information and broadcast control channel information transmission.
Proposal 4: For Multicast session, consider enhancements to the current HO procedure for RRC_CONNECTED UE from the following two aspects: 1) HO request, e.g., to include UE's associated Multicast session context; 2) HO request ack, e.g., to include the scheduling information to source gNB. 

Proposal 5: Deprioritize the feature of lossless in mobility for Multicast session.
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