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Introduction

The work item on NR Multicast and Broadcast services has been agreed at RAN#88 in [2].

SA2 has now finalized their TR 23.757 [3]. SA2 has also started the stage 2 TS in TS 23.247 [4].  

RAN3 has made an agreement to minimize data loss for mobility involving MBS non supporting nodes.  
This paper aims at finalizing the case of mobility from MBS supporting to MBS non-supporting nodes and how to minimize data loss. At the previous meetings, the following was already agreed: 
· WA: Standards shall provide means whereby the SMF knows when receiving a Path Switch Request when a target NG-RAN node does not support MBS and means for SMF to then switch from shared delivery to individual delivery.

· WA: Standards support both PDU session-level forwarding and DRB-level forwarding from MBS-supporting nodes to non-MBS supporting nodes.

· WA: It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB.

· MBS traffic delivery resources will be set up at target side using the information provided in the associated PDU session resource context in HO Request (for both Xn and NG mobility)
· Standards support data forwarding to minimize data loss during handover from MBS-supporting nodes to non-MBS supporting nodes.

· If data forwarding is used from MBS-supporting nodes to non-MBS supporting nodes, the source NG-RAN node should include in forwarded packets the unicast (flow) QFI mapped from the received MBS (flow) QFI.

· MBS support Indicator is included in Path Switch Request Transfer sent by an MBS supporting node to indicate support.

· For when to stop data forwarding, agree to eliminate control plane solutions and continue working on user plane solutions

Discussion
Learning that target gNB is not supporting before handover

There is currently the following editor’s note in the Baseline CR 38.300:

Editor’s Note: whether the source NG-RAN node may also learn before the handover preparation response message that the target NG-RAN node is non-MBS supporting is FFS. 

As recalled in the introduction, we already have a working assumption on this point. It is proposed to change the working assumption into agreement as follows:
Proposal 1: agree:

It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB.
How the source gNB is aware of the target gNB support could be solved by exchanging the support over Xn setup/Configuration update:

Proposal 2: exchange the MBS support across gNB in the Xn setup/Configuration update.
Avoiding the full configuration
In order to avoid the full configuration, two solutions were discussed at last RAN3#114bis:

Option 1: the source gNB reconfigures the UE’s bearer MRB to DRB before the handover, then it initiates the legacy handover procedure.

Option 2: the source gNB sets up a “dormant” DRB before the handover and this DRB gets activated only during the handover procedure.

Option 1 would mean that source gNB receives data through both the unicast and shared N3 tunnels which complicates the handling and it also requires a new mechanism to switch from shared to individual delivery before the handover triggered by the source gNB which doesn’t exist.

We therefore prefer option 2.

Proposal 3: when the source gNB is aware that target is not supporting, in order to avoid the full configuration, the source gNB can set up a “dormant” DRB which resources are activated during the handover only.
Signaling end of forwarding
It is essential that the handover is transparent for the target gNB which is a non-MBS supporting RAN node i.e. target gNB works as for a legacy handover.

For that reason, the target gNB is expecting an end marker packet to come from the source gNB in an accurate timing and without any redundant packet i.e. for legacy handovers the end marker is received at the exact path switch so that there cannot be any duplicate: any forwarded packet cannot be sent redundant at target side.

A timer solution is not good enough because it would lead to duplicates.

At RAN3#114 control plane solutions were ruled out and it was agreed to concentrate on user plane solutions.

Then, in order to send end marker packets two options were discussed at RAN3#114bis:
Option 1: the end marker for the UE is sent over the shared N3.

Option 2: the end marker for the UE is sent over the unicast N3.

For option 1 the MB-UPF doesn’t know which UE is involved in which gNB. Another issue is if multicast transport is used over N3 then all gNBs would uselessly receive the UE ID end marker. 
For option 2, assuming that the individual delivery tunnel has been setup before handover for the “dormant DRB”, there is no extra effort to support. UPF can send the end marker using the mapped unicast QFI of one of the MBS QoS flows. 
Proposal 4: The core network provides UE individual end marker in the UE associated unicast NG-U tunnel to the source gNB. And then the source gNB forwards the end marker to the target gNB.
Besides, as explained above, for the target gNB it is like legacy handover. The target gNB expects that the source gNB has precise end marker generation so that the source gNB does NOT forward any packet that the target delivers. Otherwise, the handover to non-supporting node generates duplicates which damages the application. 
It is therefore necessary that the UPF generates an end marker which also carries the CN SN of the first packet that UPF sends to target gNB so that the source gNB stops the forwarding at this exact number.

Proposal 5: in order to avoid duplicates, the UPF must generate an end marker packet which also contains the CN SN of the first packet which UPF sends to the target gNB.

Conclusion and Proposals
This paper has investigated the remaining issue to minimize data loss while avoiding duplicates for handovers from supporting to non-supporting nodes and makes following proposals:

Proposal 1: agree:

It is assumed that the source gNB is aware of the MBS support of the target gNB before the handover. The source gNB may also avoid full configuration at the non-supporting gNB.
Proposal 2: exchange the MBS support across gNB in the Xn setup/Configuration update.

Proposal 3: when the source gNB is aware that target is not supporting, in order to avoid the full configuration, the source gNB can set up a “dormant” DRB which resources are established during the handover only.
Proposal 4: The core network provides UE individual end marker in the UE associated NG-U tunnels to the source gNB. And then the source gNB forwards the end marker to the target gNB.
Proposal 5: in order to avoid duplicates, the UPF must generate an end marker packet which also contains the CN SN of the first packet which UPF sends to the target gNB. 

It is proposed to agree the TP below for TS 38.300 and remove the corresponding editor’s notes.
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16.x.5.3.2
Handover between Multicast Supporting cell and Multicast non-supporting cells

During an active multicast MBS session, at mobility from an MBS-supporting NG-RAN node to a non-MBS supporting NG-RAN node, the target NG-RAN node sets up PDU Session resources associated to the multicast MBS Session. The SMF infers from the absence of an ‘MBS-support“ indication in the Path Switch Request message (Xn handover) or Handover Request Acknowledge message (NG handover) that the 5GC has to switch to 5GC individual MBS traffic delivery for that UE as specified in TS 23.247 [x]. If the source NG-RAN node is aware before the handover that the target NG-RAN node doesn’t support MBS it may setup inactive DRBs in advance which are activated only during the handover.
If data forwarding is applied the source NG-RAN node infers from the handover preparation response message that the target NG-RAN node does not support MBS and changes the QFI(s) in the forwarded packets to the associated unicast QFI(s) if respective mapping information is available. The source NG-RAN node identifies the last packet to be forwarded by receiving over the unicast N3 tunnel associated to an MBS session end marker packets including the mapped QFI of one of MBS QoS flows together with the CN Sequence Number of the first packet sent by UPF at target gNB. After sending the last forwarded packet the source NG-RAN node generates end marker packets towards the target NG-RAN node.


For mobility from non-MBS supporting NG-RAN node to MBS-supporting NG-RAN node, the existing Xn/NG handover procedures apply. The 5GC infers from the presence of the ‘MBS-supporting“ indicator in the Path Switch Request message (Xn handover) or Handover Request Acknowledge message (NG handover) that PDU sessions resources associated with active multicast MBS session(s) can be switched from 5GC MBS individual traffic delivery to 5GC shared traffic delivery [details FFS].
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