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Introduction

The connected mode mobility with service continuity has been discussed in RAN2#111-e meeting, and following agreements were reached [1].
	Focus on MBS-MBS scenario initially (i.e. shared delivery), including both PTM and PTP (if applicable). Other scenarios later, TBD. 

Requirements for lossless mobility are TBD. Assume for now that R2 will anyway discuss service continuity functionality for low or no data loss. 

R2 assumes that for Rel-17 NR multicast Mobility in Connected mode, handover (including variants) is the baseline, TBD exactly which variants.


In this contribution, discussion on the standard impacts to support the lossless transmission during MBS handover is provided
Discussion

Scenarios
As is mentioned in the Rel-17 NR MBS WID [2], the service continuity during mobility is one of the objective for NR MBS, i.e. the MBS reception continues after the UE moves from the source cell to the target cell. To support the basic mobility with service continuity in NR MBS, the scenario of MBS mobility should be considered firstly. 

According to the agreements of RAN2#111-e meeting, we should mainly focus on MBS-MBS scenario (i.e. shared delivery) with priority. That is to say, both the source gNB and the target gNB support shared MBS delivery for the same MBS service during UE’s mobility, which we think can be the baseline to support lossless transmission.

In current mobility scenarios in NR, intra-NR can be divided into two sub-scenarios: inter-CU mobility and intra-CU mobility. 
the intra-CU mobility scenario is controlled by the same CU, and the CU is available to get the DL data delivery states to UE on Uu when UE moves from the source cell to the target cell. Lossless transmission in mobility in intra-CU case can be guaranteed without introducing much standard efforts. 

the inter-CU mobility refers to two different gNB, lossless transmission during handover may not be ensured easily, as MBS session delivered by shared tunnel serves more than one UE and the scheduling among different gNBs are considered independent to some extent.

In the following subsections, we will first discuss the basic inter-CU mobility procedures for a connected UE with MBS reception, and then we will analysis the potential standard impacts from lossless handover.  

Proposal 1: The inter-CU mobility can be taken as a basic scenario for the handover in Rel-17 NR MBS.
When a connected UE moves from the source gNB to a target gNB with MBS reception, in which the target gNB is able to provide the same MBS service as source gNB. The following procedure shown in Figure 1 can be considered, which is similar to the handover procedure specified in NR Rel-15/16 TS38.300-g20. 
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Figure 1. Basic inter-CU mobility procedure with service continuity in NR MBS
The basic inter-CU mobility procedure is illustrated in Figure 1. As we can see, several enhancements introduced based on the existing NR HO procedure/signaling during the handover preparation phase, the source gNB is required to forward the UE MBS context information, i.e. information of supported MBS/ongoing MBS/interested MBS service information of UE to the target gNB. And the target gNB is required to delivery the MBS bearer configuration of the target cell to the source gNB. In addition, it is necessary for the MBS capable target gNB request to establish the N3 multicast tunnel with 5GC when “Handover request” is received. It is benefit to minimize data loss during handover with the N3 multicast tunnel established between the target gNB and 5GC in advance.
Proposal 2: It is suggested to take the inter-CU mobility procedure in NR as the baseline to discuss the handover in Rel-17 MBS.
Potential standard impacts
In current NR HO, lossless feature is supported by the continuity of PDCP SN. The same principle applies in NR MBS. In the email discussion about MBS Connected Mode Mobility with Service Continuity after RAN2#111-e meeting[3], it is suggested to consider synchronizing the MBS data transmission between source cell and target cell in order to support the lossless handover. In the email discussion, several potential approaches related to sync between source cell and target cell have been discussed:
SFN-based approach and introduction of SYNC approach are both ruled out in current release. 
The DL PDCP SN synchronization approach may be a considerable choice, however a centralized entity might be needed to coordinate the PDCP SN, or as the input. Potential solution of the centralized entity can be UPF or a gNB who is in charge of the PDCP SN assignment. 
However each of the solution has it limits:

PDCP SN deduction from UPF, e.g., GTP-U SN. However if there are more than one MRB and the MRB configuration between the source and target is different, the deduction wont work.
One centralized gNB who is in charge of the PDCP SN assignment. It poses a limitation on the deployment of gNBs, which requires all the gNBs are deployed with the Xn connection. This is by no means a scalable solution..
Except for Sync from RAN/Uu, Sync from UPF/N3 might need to be supported. With sync from UPF/N3, both the source cell and target cell may receive the same MBS packet from UPF simultaneously with the same sequence number (e.g., GTP-U SN) allocated by UPF, which can guarantee the target cell recognize the MBS packet forwarded by the source cell during lossless data forwarding in handover, and then make sure that UE experiences no packet loss.
As one of the potential solution, sync from UPF/N3 requires the unified GTP-U SN/NG-U SN is allocated by UPF for the same MBS packet, when the packet was transmitted to the source gNB and target gNB. And the unified GTP-U SN/NG-U SN for the same MBS packet is critical to support lossless data forwarding. To be specific, when the target cell receives the forwarded data from the source cell, it is necessary for the target cell to be aware of the GTP-U SN/NG-U SN of the last forwarded packet. By this way, the target gNB is able to decide the the next packet followed the last forwarded packet during handover, which will be transmit to UE with continuous delivery MBS packets on Uu. 

As we can see that sync from UPF/N3 may introduce standardization efforts on the unified GTP-U SN/NG-U SN on Ng-U, and impacts on other interfaces, e.g., Xn.

Two prerequisites are needed for the support of lossless handover: sync from UPF/N3 and sync from RAN/Uu. 

Lossless handover for MBS requires sync from RAN/Uu as well as sync from UPF/N3, which may introduce significant standard efforts on XnAP and NGAP.

Lossless inter-CU mobility procedure
If the potential limitations about sync from UPF/N3 and sync from RAN/Uu are lifted, the lossless inter-CU mobility for MBS may be supported. In this contribution, we give a potential lossless handover solution shown in Figure 2. In the solution, the source gNB and target gNB are receiving the same MBS data from the same UPF simultaneously (which can be another limitation). And the NG-U SN based packet-marked scheme was used. During the data forwarding procedure, the source gNB will forward the data to the target gNB and the target gNB will deliver the forwarding data via PTP. After that, the UE will receive the MBS in the target cell via PTM. Since the basic inter-CU mobility procedure with service continuity was discussed in the subsection 2.1, we mainly focus on the newly introduced processes for lossless during HO procedure. 
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Figure 2. Lossless inter-CU mobility procedure 

Handover preparation. The above lossless handover approach is based on a NG-U SN-based packet-marked scheme. More specifically, when the source gNB decides to handover the UE, it will indicate the 5GC to make the packet-marked decision. 5GC then sends the marked packet to both source and target based on NG-U SN. Upon receiving the marked packet from 5GC, the source gNB will take the marked packet as the end-marker for data forwarding, and the target gNB will take the marked packet as the starting point to buffer the receiving packets for the handover UE. Without the unified packet-marked indication, the target gNB may send the received packet to Uu directly without specific buffering for UE, which will result in packet loss in handover.
Handover execution. When the source gNB performs data forwarding to the target gNB, the “SN Status Transfer” message is sent from the source to the target. In order to ensure all the packets from UPF are continuously sent to UE without break, the source gNB needs to include GTP-U/NG-U SN as well as corresponding PDCP SN in the “SN Status Transfer” message. By this way, the target gNB is aware of the MBS packet’s GTP-U/NG-U SN sent from the source to UE, and then the target delivery the forwarded packets and the following GTP-U/NG-U SN consecutive packet to UE by PTP.
Handover completion. Upon the handover UE synchronizes to the target gNB, the UE will receive the MBS traffic with PTP or both PTP and PTM simultaneously, depending on the bearer configuration at target gNB. The target gNB will delivery the forwarded data and the GTU-U SN-continuous buffered data to UE with PTP. At the same time, the UE may also receive the new data for the same MBS service with PTM or PTP. In order for the target gNB decides when to stop the PTP transmission to UE, it might necessary for the UE to report the PTM reception status to target gNB. By this way, the target gNB may get the information of UE’s DL MBS packet reception and make the decision to stop the PTP.
Observation 3: The potential lossless handover for MBS solution need a number of MBS-specific enhancements, e.g. enhancement to support unified NG-U SN,  enhancement to SN Status transfer and so on. 
From the above lossless inter-CU mobility procedure, we can see that in order to support lossless handover in NR MBS, there may be many potential limitations, and the specification efforts are significant. Thus, the cost of optimization to achieve lossless is very high. In addition, the above lossless approach is only consider the mobility within the same UPF. What if the scenario the two gNBs is connected to different UPF? It is predictable that sync between UPF need to be considered, which may also introduce a lot of standard impacts. 

In summary, based on the discussion above, we generally think it is better not support the lossless handover in NR MBS.

Proposal 3: Deprioritize the feature of lossless handover in Rel-17 NR MBS.
Conclusion

In this contribution, we discussed the issues on lossless handover in MBS. And we have the following observations and proposals:

Proposal 1: The inter-CU mobility can be taken as a basic scenario for the handover in Rel-17 NR MBS.
Proposal 2: It is suggested to take the inter-CU mobility procedure in NR as the baseline to discuss the handover in Rel-17 MBS.

Observation 1: Two prerequisites are needed for the support of lossless handover: sync from UPF/N3 and sync from RAN/Uu. 

Observation 2: Lossless handover for MBS requires sync from RAN/Uu as well as sync from UPF/N3, which may introduce significant standard efforts on XnAP and NGAP.

Observation 3: The potential lossless handover for MBS solution need a number of MBS-specific enhancements, e.g. enhancement to support unified NG-U SN,  enhancement to SN Status transfer and so on. 

Proposal 3: Deprioritize the feature of lossless handover in Rel-17 NR MBS.
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