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1
Introduction

This document focusses on support of mobility between MBS supporting and non-MBS supporting gNBs.
Protocol principles have been already introduced and explained in other papers for Session Management [2] and mobility between gNBs supporting MBS [3], especially on protocol solutions to integrate MBS Session information in the UE Context data in existing PDU Session related data structures, mainly motivated by recent SA2 conclusions as captured in TR 23.757 [1].

This document repeats the observations and proposals from [2] and [3] and focusses then on data forwarding topics.
2
Discussion

2.1
Repeating protocol solution already discussed in [2] and [3]
This is the functional description how the protocol solution works on NG and Xn:

-
for homogenous support of MBS, the existing PDU Session List Items ares enhanced by MBS Session Information the UE has joined and that are supported by the slice the PDU Session is associated with.

-
in case 5GC individual MBS traffic delivery needs to be supported

-
provide per joined MBS Session information associated QoS flow information

-
during an active MBS Session, 

-
in NGAP, in the course of joining or at NG HO, include in the legacy QoS Flows List the associated QoS flow information and
in XnAP, at HO, include in the legacy QoS Flows List the associated QoS flow information

-
a supporting gNB will ignore this information due to the presence of MBS Session information with associated QoS flow information and establish / provide resources for 5GC shared MBS traffic delivery

-
a non-supporting gNB will establish resources for 5GC individual MBS traffic delivery.

-
during an inactive MBS Session, 

-
in NGAP, in the course of joining or at NG HO, do not include in the legacy QoS Flows List the associated QoS flow information and
in XnAP, at HO, do not include in the legacy QoS Flows List the associated QoS flow information

-
a supporting gNB will take the information regarding the joined MBS Sessions into account but not establish any resources for 5GC shared MBS traffic delivery

-
a non-supporting gNB will not see any additional (the associated) QoS flows and therefore not establish resources for 5GC individual MBS traffic delivery.

The proposals (in conjunction with text proposals) can be found in [2] and [3] as follows:
Proposal 1 (5 in [2]):
In NGAP and XnAP, within PDU Session related messages, add to the PDU Session List Item, MBS Session Information for the MBS Sessions the UE joined and are supported by the slice the PDU Session is associated with.
Foresee the possibility to include to the MBS Session Information associated QoS flow information, which will be also added to legacy QoS Flows List during if the MBS Session is currently ongoing. A supporting gNB will ignore the QoS Flows in the QoS Flows List associated to the ongoing MBS Session, a non-supporting gNB will establish resources for 5GC individual MBS traffic delivery.
And don’t forget to provide an explicit indication to the SMF holding the (associated) PDU Session context for the UE whether the provided MBS Session Information is actually stored in the gNB. RAN node supports MBS.
Proposal 2 [5 in [3]):
In XnAP, within the existing PDU Session Resources To Be Setup List IE in HANDOVER REQUEST, include MBS Session related information related to MBS Sessions the UE has joined.
If interworking with non-supporting gNBs has to be supported, at associate QoS flow information as well.
If there is an active MBS Session, include in the legacy QoS Flows To Be Setup List QoS flow information according to the associated QoS flow(s), which shall be ignored by a supporting target gNB but will lead to establishment of PDU Session resources for 5GC individual MBS traffic delivery.
2.2
Handover with data forwarding from an MBS supporting to a non-MBS supporting gNB

The following conclusions are captured in section 8.7 in [1]:
(1)
When the UE moves from a NG-RAN node that supports 5MBS to a RAN node that does not support 5MBS, the network and UE shall support switch from 5GC Shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method.

(2)
When the UE joins an MBS session and handover to NG-RAN nodes not supporting 5MBS is required, mapping information about multicast QoS flows is provided to the NG-RAN node supporting MBS, which enables data reception of the MBS session via 5GC Individual MBS traffic delivery mode.

(3)
To support handover to an NG-RAN node not supporting 5MBS, the N3 tunnel of the PDU Session, which is used for 5GC Individual MBS traffic delivery, need to be activated.
(4)
During the mobility from NG-RAN supporting 5MBS to NG-RAN not supporting 5MBS, the 5GC triggers the switching from 5GC Shared MBS traffic delivery method to 5GC Individual MBS traffic delivery method.

(5)
During the inter supporting 5MBS NG-RAN node handover, minimization of data loss may be supported, e.g. by data forwarding, details for RAN WGs to decide.

Editor's note:
It is FFS whether the support for lossless handover with data forwarding from source NG-RAN supporting 5MBS to the target NG-RAN not supporting 5MBS is needed, which needs confirmation by RAN.

(6)
It is commonly understood that if service requirements result in applying 'lossless handover' (see TS 38.300), UEs receiving MBS traffic of that MBS session need to be in CM-CONNECTED with RRC-CONNECTED state.
(7)
If the NG-RAN node supports 5MBS, the network shall use the 5GC Shared MBS traffic delivery method for MBS Session packet transfer.

The following can be concluded from the above quoted conclusions for handling of UE Context transfer:

-
Allowing NGAP (and XnAP) protocol to work in a backwards compatible manner and having in mind that the direct (transparent) communication between NG-RAN and SMF, the SMF would need to know whether, at Path Switch, resources for 5GC individual MBS traffic delivery need to be configured. As proposed in [2], an explicit indication is provided in various SMF containers whether MBS related content was understood and stored. If the SMF does not receive that indication, during an ongoing MBS session, individual delivery has to be triggered as requested in conclusion (3).

-
Along conclusion (7), it is not an option to switch to individual delivery at the MBS supporting node before executing the HO to a non-supporting MBS node. This would also require pre-knowledge of the target nodes capabilities, which is in general not within the usual RAN3 protocol design approach. 

The following can be concluded from the above quoted conclusions for data forwarding:

-
The non-MBS supporting target node will establish unicast resources based on associated QoS flow information provided by the source node and allocate data forwarding resources along legacy functions.

-
The UP entity in the gNB that provides the (SDAP/)PDCP protocol termination for 5GC shared MBS traffic delivery will have to duplicate MBS traffic towards the non-MBS supporting node.

-
It can be in general assumed, that re-establishment of the PDCP protocol entity is possible, provision of the SN status may take place.

-
The only open issue, already identified at last meeting is how to perform the switch from forwarded DL packets to individual DL data in a way that duplication (or data loss) is prevented.

-
There is the necessity to generate an End-Marker packet that is understood by the MBS supporting source gNB to be dedicated to stopping data forwarding traffic for a specific UE.

-
Given the feasibility of the MB-UPF to interact (via the MB-SMF) with the SMF at Path Switch, the MB-UPF could insert an End-Marker packet containing an additional token associated with a UE Context identification understood at the gNB. 

-
The source gNB receiving such token within an End-Marker packet would be able to identify the (individual) forwarding traffic to be stopped and the target gNB would continue receiving individual MBS traffic from the new session anchor in the 5GC.

Proposal 3:
For data forwarding at HO to a non-MBS supporting node, discuss the solution for stopping individual forwarding traffic by inserting End-Marker packets carrying a UE specific token which is allocated by the source gNB and provided to the serving SMF at (associated) PDU Session establishment. It is also proposed to liaise to SA2 requesting feedback on that approach.
2.3
Handover with data forwarding from a non-MBS supporting to an MBS supporting gNB

The following conclusions are captured in section 8.7 in [1]:

(1)
When the UE moves from a RAN node that does not support 5MBS to a NG-RAN node that supports 5MBS, the network and UE shall support switch from 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method.

(2)
During the handover from RAN not supporting 5MBS to NG-RAN supporting 5MBS, PDU sessions, including the one associated with the MBS session and used for 5GC Individual MBS traffic delivery, are handed over to target RAN. After the handover, the switch is triggered at the 5GC from the 5GC Individual MBS traffic delivery method to 5GC Shared MBS traffic delivery method.

(3)
During the inter supporting 5MBS NG-RAN node handover, minimization of data loss may be supported, e.g. by data forwarding, details for RAN WGs to decide.

Editor's note:
It is FFS whether the support for lossless handover with data forwarding from source NG-RAN supporting 5MBS to the target NG-RAN not supporting 5MBS is needed, which needs confirmation by RAN.

(4)
It is commonly understood that if service requirements result in applying 'lossless handover' (see TS 38.300), UEs receiving MBS traffic of that MBS session need to be in CM-CONNECTED with RRC-CONNECTED state.

(5)
If the NG-RAN node supports 5MBS, the network shall use the 5GC Shared MBS traffic delivery method for MBS Session packet transfer.

The following can be concluded from the above quoted conclusions for handling of UE Context transfer:

-
Along conclusion (5), as for the HO to a non-MBS supporting gNB, it should not be an option to allow the UE to receive individual MBS traffic in the MBS supporting target gNB.

-
A precondition for the a HO from individual delivery directly to shared delivery is the ability of the target gNB to deduce from legacy PDU Session and QoS flow specific data which ongoing MBS Session the individual traffic corresponds to. As the source gNB is a legacy one, there are no explicit protocol means available, however, there are possibilities by OAM configuration in allocating identifiers in a special way:

-
the identification of the slice, the (associated) PDU Session is associated with

-
the allocation of QoS flow IDs in a certain range

-
causing the UE to allocate a specific PDU Session ID

Proposal 4:
Discuss the proposed OAM/configuration-based approach for directly switching from individual to shared delivery based on assignment of identifiers for the slice, QoS flow and (associated) PDU Session. Liaise to SA2 about the outcome of that discussion.
The following can be concluded from the above quoted conclusions (and other considerations) for handling of data forwarding:

-
Data forwarding from a non-shared radio bearer (provided by a legacy node) to a shared radio bearer (provided by the MBS supporting node) bears the impossibility at path switch to avoid duplication or loss of packets, as the forwarded packets cannot be synchronised with the shared delivery.
-
The QoS flow(s) associated to the active MBS Session and part of the associated PDU Session are mapped at the source side to individual radio bearer(s), on the target side those associated QoS flows have to be mapped to the same radio bearer configuration to allow data forwarding and re-transmission. 
The shared radio bearer, from which the UE starts reception after handover execution is associated to the same PDU Session via which the UE will receive - concurrently - retransmitted/forwarded packets until path switch stops that transmission. 
The respective combination of individual and share radio bearers should be possible. 
The individual radio bearer(s) will have to be released once the end-marker packet was received by the target gNB and transmission of the forwarded packets has ended.
Proposal 5:
Confirm that it is impossible to avoid data loss/duplication for handover from a non-supporting to a supporting gNB, even if (UE individual data forwarding) is applied.

Proposal 6:
Confirm that it should be possible to configure individual and shared radio bearers for the time of transmitting forwarded packets from the non-supporting gNB to the UE at the supporting target gNB, with the individual radio bearers released once forwarded packets have been received by the UE.  If necessary, liaise with appropriate groups.
3
Conclusion and Proposals
This paper was looking into control plane (Session Management) and user plane (data forwarding) aspects for handover between MBS supporting and non-MBS supporting nodes.
The session management aspects were discussed already in other Agenda Items, mainly, because the design of Session Management protocol function has to be performed in a holistic way, taking into account all (probably only future) aspects. Therefore, the following 2 proposals found their way already in [2] and [3] and respective TPs. Those proposals (repeated below) and the respective TPs are up for agreement here.

There are not TPs related to data forwarding between supporting and non-supporting nodes proposed at RAN3#111-e.

Proposal 1 (5 in [2]):
In NGAP and XnAP, within PDU Session related messages, add to the PDU Session List Item, MBS Session Information for the MBS Sessions the UE joined and are supported by the slice the PDU Session is associated with.
Foresee the possibility to include to the MBS Session Information associated QoS flow information, which will be also added to legacy QoS Flows List during if the MBS Session is currently ongoing. A supporting gNB will ignore the QoS Flows in the QoS Flows List associated to the ongoing MBS Session, a non-supporting gNB will establish resources for 5GC individual MBS traffic delivery.
And don’t forget to provide an explicit indication to the SMF holding the (associated) PDU Session context for the UE whether the provided MBS Session Information is actually stored in the gNB. RAN node supports MBS.
Proposal 2 [5 in [3]):
In XnAP, within the existing PDU Session Resources To Be Setup List IE in HANDOVER REQUEST, include MBS Session related information related to MBS Sessions the UE has joined.
If interworking with non-supporting gNBs has to be supported, at associate QoS flow information as well.
If there is an active MBS Session, include in the legacy QoS Flows To Be Setup List QoS flow information according to the associated QoS flow(s), which shall be ignored by a supporting target gNB but will lead to establishment of PDU Session resources for 5GC individual MBS traffic delivery.
Proposal 3:
For data forwarding at HO to a non-MBS supporting node, discuss the solution for stopping individual forwarding traffic by inserting End-Marker packets carrying a UE specific token which is allocated by the source gNB and provided to the serving SMF at (associated) PDU Session establishment. It is also proposed to liaise to SA2 requesting feedback on that approach.
Proposal 4:
Discuss the proposed OAM/configuration-based approach for directly switching from individual to shared delivery based on assignment of identifiers for the slice, QoS flow and (associated) PDU Session. Liaise to SA2 about the outcome of that discussion.
Proposal 5:
Confirm that it is impossible to avoid data loss/duplication for handover from a non-supporting to a supporting gNB, even if (UE individual data forwarding) is applied.

Proposal 6:
Confirm that it should be possible to configure individual and shared radio bearers for the time of transmitting forwarded packets from the non-supporting gNB to the UE at the supporting target gNB, with the individual radio bearers released once forwarded packets have been received by the UE.  If necessary, liaise with appropriate groups.
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