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Introduction

During RAN3#110-e meeting[1], it was agreed that:

	For multicast, NR MBS shall provide means for minimization of data loss during mobility

For multicast, in order to allow the UE to detect loss of data or duplication of data, RAN3 shall continue discussing solutions to support alignment of PDCP SNs in between gNBs. 

Xn Handover Request and NG Handover Request message contain MBS context information for the UE.

MBS context information within the UE context shall contain all MBS multicast session information the UE has joined.

The MBS configuration decided at target gNB is sent to the UE via the source gNB (details e.g. RRC container etc. pending RAN2 progress).

RAN3 will work on concepts to enable coordinated assignment of PDCP SNs to MBS user data packets within a gNB and between gNBs (to be coordinated with RAN2 if needed). Details FFS.


During RAN3#113-e meeting[2], it was agreed that:

	Source and target gNBs derive synchronized PDCP SN from sequence number and the solution is FFS.


According to RAN3 discussion, Source and target gNBs derive synchronized PDCP SN from sequence number. However, how NR MBS minimizes the data loss during the mobility process is still under discussion.

In this contribution, we consider the inter-gNB mobility procedure between MBS supporting nodes and provide our suggestions.     

Discussion

Inter-gNB mobility procedure
In this section, we will discuss the inter-gNB mobility procedure between MBS supporting nodes. Figure 1 illustrates the baseline procedure of inter-gNB handover for RRC_CONNECTED UEs receiving MBS sessions. 
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Figure 1. The baseline procedure of inter-gNB handover for RRC_CONNECTED UEs receiving MBS sessions, with potential MBS related enhancements in color
In order to describe the handover process more clearly, let’s first analyze the transmission status of the target gNB MRB, which  can be divided into the following three cases:

Case1: The receiving progress of the UE on the source side is faster than the progress of the MRB transmission (minimum MRB PDCP SN not discarded) on the target side.

Case2: The receiving progress of the UE on the source side is slower than the progress of the MRB transmission (minimum MRB PDCP SN not discarded) on the target side.
Case3: The target side has not yet begun to transmit the MBS service when the handover occurs.
The following will analyze the meaning of each step in Figure 1 and the message content carried:
Step 1. 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 2. The source gNB decides to handover the UE, based on MeasurementReport and RRM information. 

Step 3. The source gNB sends an HANDOVER REQUEST message to the target gNBs. The HANDOVER REQUEST message includes the MBS context information of UE’s ongoing/interested MBS sessions. In addition, it is also suggested to carry the UE's MRB data reception status in the message, so that the target side can confirm whether data forwarding is required. The advantages of carrying MRB transmission information are as follows:

This information can be used by the target side to confirm whether data forwarding is required, so as to avoid allocating useless data forwarding tunnel resources to the source side.

When the target side is transmitting the MBS service, part of the data packets that need to be forwarded by the target gNB to the UE can reuse the data packets buffered on the target side without forwarding from the source side.
Carry the UE's MRB reception status in the HANDOVER REQUEST message.
Step 4. Admission Control is performed by the target gNB. According to the information in HANDOVER REQUEST and its own MRB transmission status, the target gNB decides whether it needs to forward MBS data on the source side and whether it needs to buffer MBS data on the target side. There are different decisions for the three cases of the target gNB MRB transmission status, as follows:
Case1: Data forwarding is not required, and the target side will buffer the data packets that the UE did not receive successfully in the future.

Case2: It needs to forward the MBS data packets that are not currently in the buffer on the target side. The MBS data in the buffer cannot be discarded until it is successfully received by the UE.
Case3: Data forwarding is required. The starting PDCP SN of the data forwarding is the PDCP SN of the first unsuccessfully received data packet of the UE. It is not yet possible to determine when the data forwarding will end at this time.

In MBS handover, data forwarding becomes an option, so HANDOVER REQUEST ACKNOWLEDGE also needs to be enhanced. It is recommended to add two optional fields, which are the MBS data forwarding tunnel and the starting PDCP SN of the buffer.

Step 5. The target gNB responds to the source gNB with a HANDOVER REQUEST ACKNOWLEDGE message. The message includes the MBS configuration of the handover UE. In addition, data forwarding becomes an option in MBS handover, so HANDOVER REQUEST ACKNOWLEDGE also needs to be enhanced. It is recommended to add two optional fields, which are the MBS data forwarding tunnel and the starting PDCP SN of the buffer. The specific configuration still corresponds to the three cases of the MRB transmission status on the target side, as shown below:

Case1: Neither of these two options are filled in, and the source side does not forward data, so there is no need to allocate resources and know the transmission progress of the target side.

Case2: Both of these options need to be filled in. The source side performs data forwarding, so resources need to be allocated, and according to the transmission progress of the target side, it can be judged when to end the data forwarding.

Case3: Only fill in the MBS data forwarding tunnel field, the source side performs data forwarding, so resources need to be allocated, but the target side does not have this service transmission, the source side can only determine the start position of data forwarding according to the UE receiving state, and the end position needs to be indicated later.

Add one optional fields in HANDOVER REQUEST ACKNOWLEDGE message: the MRB transmission status.

Step 6. The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the UE, containing the information required to access the chosen target cell. The MBS configuration at the target cell is also acquired by the UE in this step.

Step 7. Taking into account that the target side obtains the UE reception status during the handover request, which is earlier, we suggest that the UE reception status can be carried again in the SN STATUS TRANSFER message to reduce the probability of repeated transmission.

SN STATUS TRANSFER message is used to carry UE reception status to reduce the probability of repeated transmission.

Step 8. The UE synchronizes to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB. 

Step 9-10. After the UE successfully accesses the target gNB, if the MBS session entity has not been established in the target gNB, the target gNB executes the N2 Path Switch Request procedure to request the MBS session from the AMF.

The purpose is to establish an NG-U tunnel with the core network and receive the MBS session when the target gNB does not include a handover MBS session. At the point in time when the procedure is initiated, we believe that it is appropriate after the UE completes the RRC reconfiguration, which can avoid the waste of resources caused by handover failure.

After the UE completes the RRC reconfiguration procedure, it is recommended to add an N2 Path Switch Request procedure. 

The source gNB determines whether data forwarding is required according to the MRB transmission status of the target side carried in step 5. What follows is when to stop data forwarding. We also discuss in three cases:

Case1: Because there is no need for data forwarding, there is no such problem.

Case2: The source gNB can know which data packets need to be forwarded according to the comparison between the target-side MRB transmission status carried in step 5 and the UE receiving status report.

Case3: Since the target side has not yet started the transmission of the MBS session during the handover preparation period, when the source side receives the handover request response message, it only knows the starting position of the data forwarding, but does not know when it will end. This is a problem to be solved.
Considering that case 3 completed the tunnel establishment with the core network in step 10 and started to receive the MBS session, we believe that a data forwarding end instruction should be sent to the source side after step 10. 

In order to minimize the impact on the current specification, the UE CONTEXT RELEASE message to be extended is proposed, to carry the MRB transmission status of the target gNB in case 3. The source side stops data forwarding based on this message.

Step 11. Upon reception of the MBS PATH REQUEST ACKNOWLEDGE message from the AMF, the target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover. In addition, the UE CONTEXT RELEASE message will also carry the MRB transmission status (PDCP SN or COUNT) of the target gNB in case3 after it starts to receive the MBS session from the core network. 
The UE CONTEXT RELEASE message is extended to transmit the MRB transmission status of the target gNB which does not have the MBS session transmission during the handover preparation.

The source gNB can then release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue until it is aligned with the MRB transmission status on the target side. The UE leaves the group of the MBS session at the source gNB, the resource of the MBS session (e.g., MRB) may be released at the source gNB if the UE is the last group member. 

The related TP for TS38.300 is also provided.

Conclusion

In this contribution, we discuss the procedure of inter-gNB handover for RRC_CONNECTED UEs receiving MBS sessions, and have the following observation and proposals.

Carry the UE's MRB reception status in the HANDOVER REQUEST message.
Add one optional fields in HANDOVER REQUEST ACKNOWLEDGE message: the MRB transmission status.

SN STATUS TRANSFER message is used to carry UE reception status to reduce the probability of repeated transmission.

After the UE completes the RRC reconfiguration procedure, it is recommended to add an N2 Path Switch Request procedure. 

The UE CONTEXT RELEASE message is extended to transmit the MRB transmission status of the target gNB which does not have the MBS session transmission during the handover preparation.
Reference

RAN3#110-e meeting agreements.
RAN3#113-e meeting agreements.
TP for TS 38.300

--------------------------------Start of the First Change-----------------------------
16.x.5
Mobility

Editor’s Note: Mobility aspects to be covered here.

16.x.5.2
Multicast Mobility from MBS supporting cell to MBS supporting cell

During handover preparation phase, the source NG-RAN node transfers to the target NG-RAN node in the UE context information about the MBS sessions the UE has joined. The source and target NG-RAN nodes exchange the reception status of the UE and the MBS transmission status. For each Multicast session with ongoing user data transmission for which no MBS Session Resources exist at the target NG-RAN node, the target NG-RAN node triggers the setup of MBS user plane resources towards the 5GC. And after the UE successfully accesses, the N2 Path Switch Request procedure is triggered. When the first data packet sent from the 5GC is received, the UE CONTEXT RELEASE message carries the data forwarding termination identifier to the source NG-RAN node.
During handover execution, the MBS configuration decided at target NG-RAN node is sent to the UE via the source NG-RAN node within an RRC container (FFS) as specified in TS 38.331 [12].  
------------------------------End of the Changes----------------------------
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