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1. Introduction
This document discussed how to establish multicast context when the “first” UE configured with an MBS session is handed over toward a given gNB.
Last meeting this TDoc is not treated, but we think the scenario mentioned here is vital for NGAP designing, and should be summarised in at least one e-mail discussion, may either in the offline e-mail discussion w.r.t. NGAP designing or in the offline e-mail discussion w.r.t. handover.
2. Discussion
2.1. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Establish NG-U context during the handover preparation phase
According to the current version of TR 23.757 provided by SA2, there seems one (almost) consensus that the NG-U TNL path for multicast session should be possible to be established during the handover preparation phase of Xn-based handover, as shown in Solution #11 and Solution #27 (nevertheless to establish later is also possible), and the target gNB can deliver over Uu the packets received from the core network instantly.
The main benefit of such “early” establishment is to make data forwarding of multicast packets between gNBs as less as possible (unless data loss minimisation is needed), since such processing such data forwarding can be quite complex when multiple UEs are being handed over among various gNBs. Here in RAN3 we propose to take such design as an assumption.
Proposal 1: Assume that it is supported for the NG-U TNL path for multicast session to be established during the handover preparation phase of Xn-based handover, and the packets received through it can be delivered over Uu instantly.
2.2. Colliding with MBS Modification procedure
But here comes a small problem: the core network may happen to trigger a MBS session modification procedure (e.g. to add or remove flows) simultaneously—strictly speaking, after the handover preparation phase starts and before the path switch procedure is performed (usually there is a considerable time interval between the two event).
Unlike PDU session resource modification procedure for unicast which can be reject by the NG-RAN if the UE is subject of handover, the MBS session modification procedure should not be rejected due to mobility of one single UE, since there are often multiple UEs within the coverage of the gNB receiving this multicast session. Delaying a modification of a multicast session due to something is happening for a single UE is usually improper, as it will usually harm many others.
Observation 1: Unlike unicast, an MBS session modification procedure may collides with a handover procedure of a UE receiving this multicast session.
Considering Proposal 1, there are two possible scenarios of such collision:
Case A: MBS session resource modification triggered after the XnAP Handover Request message is sent, while before the NGAP procedure to set up the NG-U TNL path;
Case B: MBS session resource modification triggered after the NGAP procedure to setup the NG-U TNL path, while before the NGAP Path Switch procedure.
For Case A, the core network is not sure whether the multicast-related context within the XnAP Handover Request, if any, is the old version before the MBS modification which it just triggered, or the new version after this MBS modification, unless further information is provided. In addition, the core network is already sending packets according to the new configuration toward the source gNB (and possibly many other gNBs), which make it improper to send any packets according to the old configuration toward the target gNB—it is especially unfeasible if IP multicast is used anyhow.
Proposal 2: If the core network has sent NGAP messaged aiming to modify multicast context toward some RAN nodes when it received a message aiming to establish NG-U TNL path for this multicast session from the target gNB, the core network should send the multicast packet according to the new configuration toward this target gNB regardless of whether the XnAP Handover Request message is sent before MBS session modification takes place.
Now it’s the turn of the target gNB. The target gNB is receiving packets from the core network according to the new configuration. If the target gNB has not acquired the updated multicast configuration, it can hardly handle these packets correctly (note that it should send them over Uu). So how should the target gNB get aware of the new MBS configuration?
Technically speaking, the target gNB can get the information from either the core network or the source gNB, but the latter option seems much more awkward than the former one, hard to handle if two different gNBs hand over two UEs toward this gNB simultaneously, and probably needs to define extra XnAP messages. Getting the information from the core network is much more reasonable, in which the same messages introduced for broadcast may be reused [1].
In principle there is yet no UE-associated logical NG-connection between the AMF and the target gNB. As the result, such signalling has to be non-UE associated.
Observation 2: The target gNB needs to get the fresh multicast configuration when NG-U TNL path is to be setup, in case of the network has already sent one MBS Session Modify Request message after the source gNB sent the XnAP Handover Request message which trigger this NG-U TNL path setup procedure.
Proposal 3: Non-UE associated NGAP signalling should be used for the target gNB to get the fresh multicast configuration.
For Case B, there should be a method to update the multicast context stored within the target gNB, or otherwise it cannot deliver the packets correctly either. Similar to the Case A, there is yet no UE-associated logical NG-connection between the AMF and the target gNB, and thus non-UE associated NGAP signalling is the best solution. For this very UE, the target gNB may need to buffer some DL packets before sending the additional RRCReconfiguation message informing the UE about the new configuration.
Observation 3: If the core network is to send NGAP messaged aiming to modify multicast context toward some RAN nodes, it should also send toward the target gNB if there is already an NG-U TNL path for it, even if the path switch procedure has not been performed yet.
Proposal 4: Non-UE associated NGAP signalling should be used to update the multicast configuration in RAN.
For either case, the target gNB may need to buffer some DL packets for this UE before sending an additional RRC message to inform the UE about the new configuration, possibly after the path switch procedure in which the NAS message can be delivered.
2.3. Signalling flow design
The next question is over signalling design. For Case B it is quite clear: reusing the MBS session resource modification procedure introduced for broadcast can already work well. The major issue is over how to handle Case A.
One possible solution is to imitate the initial access procedure of UE: The gNB sends an “Initial MBS Message” toward the core network, with only MBS Session IDs included. The core network then trigger an MBS session start procedure to request the gNB to establish full current MBS context, with the current configuration (e.g. QoS flow list) included in the MBS session start request message.
Considering that we do not wishes to delay the handover procedure (or otherwise legacy unicast service will be negatively affected), such interaction with the core network can be performed simultaneously when the target gNB generates the RRCReconfiguration message (containing the PTP legs for MRBs if needed) and responses with the XnAP Handover Request Acknowledge message.
The general signalling flow is depicted as below:


Figure 1: A feasible signalling flow in case of Xn-based handover collides with MBS modification.
Step 1: The source gNB sends toward the target gNB an XnAP Handover Request message, which includes at least MBS Session IDs and the information for MRBs and MBS flows (with QoS parameters included) proposed for data forwarding if any. It is FFS whether the information for other MRBs and MBS flows should also be included. The target gNB is currently not transmitting the MBS sessions which the UE is receiving.
Step A1–A2: [For Case A] At the same time, the core network updates its locally kept MBS context for the MBS sessions which the UE is receiving, and triggers an NGAP procedure to modify these MBS sessions. Since the target gNB is not transmitting them, the core network did not send any message toward the target gNB. The core network then starts to send MBS packets according to the new configuration. If NAS context also needs modification, the core network also triggers NAS MBS modification procedure to all the UEs receiving these MBS sessions. Whether the UE to be handed over can also receive the NAS messages depends on what message is used over the NG interface, i.e. UE Context Modification / PDU Session Resource Modify procedure, or DL NAS Transport procedure (pending SA2).
Step 2: The target gNB inform the core network that it needs to transmit these MBS sessions. At the same time, the target gNB starts to allocate Uu resources for this UE, including the resources for legacy unicast, as well as the resources for MBS data forwarding and to transmit the forwarded MBS data toward the UE by PTP method. It then generates the RRCReconfiguration message to be sent toward the UE.
Step 3–4: The core network request the target gNB to transmit the MBS sessions, provides it with the current MBS context. The target gNB will now establish RAN MBS context and allocates necessary resources, e.g. the PTM resource if needed but not allocated yet. The core network then start to send MBS packets toward the target gNB, and the target gNB will send them over Uu by PTM method if configured.
Step 5–8: The target gNB, the source gNB performs handover as usual, including data forwarding if needed. For MBS sessions, data forwarding is performed using the old configuration. These steps can be performed simultaneously with Step 3–4.
Step B1–B2: [For Case B] At the same time, the core network updates its locally kept MBS context for the MBS sessions which the UE is receiving, and triggers an NGAP procedure to modify these MBS sessions. Since the target gNB is already transmitting them, the core network sends messages toward the target gNB as well, even though there is no UE-associated NG logical connection between the target gNB and the core network for any UEs receiving these MBS sessions. The core network will then start to send MBS packets according to the new configuration. If NAS context also needs modification, the core network also triggers NAS MBS modification procedure to all the UEs receiving these MBS sessions, but for this UE the NAS message cannot be delivered as the UE is performing handover now.
Step 9–10: The target gNB performs path switch procedure with the core network, establishing the UE-associated NG logical connection.
Step 11: The target gNB sends UE Context Release message toward the source gNB.
Step 12–15: [For Case A or B] Procedures are triggered to update the RRC context and/or NAS context for this UE if needed.
Proposal 5: We propose RAN3 to discuss what message to use in case of MBS session modification procedure collides with a handover procedure, or sends an LS to SA2 if needed.
3. Conclusion
Proposal 1: Assume that it is supported for the NG-U TNL path for multicast session to be established during the handover preparation phase of Xn-based handover, and the packets received through it can be delivered over Uu instantly.
Observation 1: Unlike unicast, an MBS session modification procedure may collides with a handover procedure of a UE receiving this multicast session.
Proposal 2: If the core network has sent NGAP messaged aiming to modify multicast context toward some RAN nodes when it received a message aiming to establish NG-U TNL path for this multicast session from the target gNB, the core network should send the multicast packet according to the new configuration toward this target gNB regardless of whether the XnAP Handover Request message is sent before MBS session modification takes place.
Observation 2: The target gNB needs to get the fresh multicast configuration when NG-U TNL path is to be setup, in case of the network has already sent one MBS Session Modify Request message after the source gNB sent the XnAP Handover Request message which trigger this NG-U TNL path setup procedure.
Proposal 3: Non-UE associated NGAP signalling should be used for the target gNB to get the fresh multicast configuration.
Observation 3: If the core network is to send NGAP messaged aiming to modify multicast context toward some RAN nodes, it should also send toward the target gNB if there is already an NG-U TNL path for it, even if the path switch procedure has not been performed yet.
Proposal 4: Non-UE associated NGAP signalling should be used to update the multicast configuration in RAN.
Proposal 5: We propose RAN3 to discuss what message to use in case of MBS session modification procedure collides with a handover procedure, or sends an LS to SA2 if needed.
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16.x.5	Mobility
Editor’s Note: Mobility aspects to be covered here.
16.x.5.y	Xn handover
The figure below depicts the basic Xn handover scenario for UEs configured to receive at least one MBS session.


Figure 16.x.5.y-1: Xn Handover for UEs configured with MBS session
1.	The source gNB sends toward the target gNB an XnAP Handover Request message.
2.	If the target gNB is not transmitting the MBS sessions yet, the target gNB inform the core network that it needs to transmit these MBS sessions. At the same time, the target gNB allocates Uu resources for this UE and generates RRCReconfiguration message according to only the information included in the Xn Handover Request message.
3.	The core network request the target gNB to transmit the MBS sessions, provides it with the current MBS context. The target gNB will now establish RAN MBS context and allocates necessary resources if needed.
4.	The target gNB responds the core network for confirmation. The core network then start to send MBS packets toward the target gNB, and the target gNB will send them over Uu by PTM method if configured.
5–8.	Legacy handover procedure is performed. These steps can be performed simultaneously with Step 3–4.
9.	The target gNB sends toward the core network a Path Switch Request message, which includes the MBS Session IDs.
10. The core network responds with a Path Switch Request Acknowledge message.
11. The target gNB sends a XnAP UE Context Release message toward the source gNB.
Editor’s note: Detail of the handover procedure, e.g. which message contains what information, when and how to perform MBS session release, is all FFS.
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