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1
Introduction

This document discusses the following aspects of mobility between gNBs supporting MBS:
-
minimization of data loss: alignment of PDCP SNs between gNBs and data forwarding

-
handling of MBS Session information within UE Context

-
highlighting impact on NG-RAN interfaces
2
Discussion

2.1 
Minimization of Data Loss - Alignment of PDCP SNs between gNBs
At RAN3#110 it was agreed that 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.
There have been several proposals how to achieve this alignment. We found it very interesting that, although a SYNC protocol was ruled out for Rel-17 and inter-gNB-DU SFN operation was left for implementation, there were proposals supported by many companies that propose a “half-way SYNC” protocol on the NG-U interface. Bearing in mind that a SFN operation and introduction of a SYNC protocol may be part of later Releases, we thought that different approaches would be more straight forward and would not introduce functionality that would need more investigation, especially the case that the (MB-)UPF will not be the protocol where such a protocol would be terminated.
Rel-15 has introduced the possibility to place a gNB-CU-UP very close to 5GC entities, allowing even implementations to co-locate the gNB-CU-UP and the UPF in one physical entity; further, allowing gNB-CU-CPs to “share” the NG-U/F1-U termination within a gNB-CU-UP and re-use it in the course of inter-gNB handover, not to talk about split bearer architecture in MR-DC.

Distributing deployment of gNB CU-CP/UP and gNB-DU to achieve scaling gains through virtualized realisation is one of the main achievements in Rel-15 and Rel-17 MBS represents an excellent chance to exploit this possibility for good.

For us, it appears straight forward to allow centralised deployment of gNB-CU-UPs serving as the NG-RAN PDCP anchor for more than one gNB. 3GPP has paved the way to such deployments in Rel-15 and we should uitlise this possibility.
In order to depict such deployment, please have a look at the figure below:
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Figure 2.1-1: deployment of a central gNB-CU-UP entity serving more than one gNB.

While the physical implementation of the shown “central gNB-CU-UP” may share the same NG-U/N3 protocol termination and the same (SDAP/)PDCP protocol entity, the gNB-CU-UP shown in Figure 2.1-1 stays still a logical part of each gNB requesting MBS traffic delivery.
Having in mind virtual realisation within a “central UP environment”, probably, the same “central UP environment” that also host MB-UPF functions, such central gNB-CU-UP will be only created once an MBS session (or MBS sessions with certain QoS requirements, of the same third party owned network slice, etc.) is created and announced.

There are several possibilities how gNBs (gNB-CU-UPs) are informed about the existence of this gNB-CU-UP and how it is made sure that there is indeed only one gNB-CU-UP “feeding in” MBS traffic into gNB-DUs of the owning gNBs in a certain area:

-
Upon creation of a MBS Session, the OAM system configures a gNB-CU-UP resource and informs the gNB-CU-CPs via gNB-CU-UP triggered E1 setup/updated, indicating the Global MBS Session ID.

-
The MB-SMF is informed about the NG-U/N3 termination address at NG-RAN for a previously selected gNB-CU-UP resource and informs any gNB requesting the update of the distribution tree by indicating this NG-U/N3 termination address to “new-comer” gNBs - along the topological knowledge of the MB-UPF or whatever is necessary to make such decision.

-
The resources necessary to serve a growing number of gNB-DUs with duplicated MBS traffic may grow while more and more UEs/gNBs join the MBS session / distribution tree, with all means available to virtual implementations in general.

Observation 1:
Virtualisation of gNB-CU-UPs provides an excellent means to support implementations with a central gNB-CU-UP serving multiple gNBs for 5GC shared MBS traffic delivery. Rel-15 principles already allow to keep the gNB-CU-UP during inter-gNB HO and this principle of shared ownership of NG-U and SDAP/PDCP protocol termination can be also applied for MBS. 

Observation 2:
Introducing a protocol on NG-U/N3 to enable alignment of PDCP SNs between gNBs is possible, but potentially collides with future standardisation activities on SFN operation and definition of a 5G MBS SYNC protocol.

Proposal 1:
Abstain from a Rel-17 solution realising alignment of PDCP SNs between gNBs by NG-U protocol means.

Proposal 2:
Support coordination of a central PDCP entity supporting 5GC shared MBS traffic delivery shared among multiple gNBs with impacts on E1, NG and potential 5GC internal interfaces. Liaise SA2 and CT4 on respective 5GC internal matters.

2.2 
Minimization of Data Loss - Data forwarding

With the approach to have a central entity providing user data to the gNBs involved in mobility it appears to be really questionable why data has to be forwarded on a UE individual basis to the target gNB that already has received the very same MBS user data packets as was sent to the source gNB. We have discussed last meetings that even if the UE is the first to appear at the target gNB having joined a MBS sessions, NG-RAN protocol functions and assumed implementation will make it possible that MBS user data is distributed to the source gNB before the UE executes the HO.
If the proposed approach in section 2.1 is chosen, the AMF should get knowledge of the first UE entering a gNBs area at Path Switch signalling and the F1-U resources should be in place before the HO is executed and as the PDCP entity providing MBS traffic is the very same for the source and the target gNB, data forwarding is not necessary at all.

If handover takes place between gNBs that are not able to make use of the same central PDCP protocol entity, as proposed in section 2.1, data forwarding is still not necessary, as the update of the NG-U/N3 distribution tree before the HO execution will make the MBS user data available to the target gNB in time.

The approach of relying on MBS user data already sent to the target gNB in case UE individual re-transmissions have to be performed, can rely on the fact that the deployment of a UP buffer can be assumed as integral part of Rel-15 F1-U UP protocol definition. Even though flow control is not assumed to play a role for 5GC shared MBS traffic delivery, a buffer can nevertheless be assumed to be available in legacy implementations.

With the assumption that existing PDU Session Management functions will be enhanced to carry MBS Session information while transferring the UE Context from the source to the target gNB, also data forwarding functions will be available at handover. Forbidding gNB implementations to use data forwarding functions is probably not necessary, however, example message flow description in stage 2 of mobility between gNBs supporting MBS should not mention, not even as an option. 
TR 23.757 [1] contains 

-
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.

-
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.

This statements are not in line with the view presented in this paper and for the reasons presented, data forwarding does not make sense. SA2 should be notified about that view.

Observation 3:
Data forwarding of MBS user data in between gNBs supporting MBS is not necessary, assuming MBS traffic to be provided to the target gNB latest at the time of HO execution. UE individual retransmission of PDCP PDUs is possible at the target gNB for PDCP PDUs available in a buffer (such buffer should be available in legacy implementation of unicast traffic).

Proposal 3:
Agree that stage 2 example message flows for mobility between gNBs supporting MBS will not mention data forwarding under the assumption that the distribution tree towards the target gNB is already updated at HO execution or the PDCP entity in NG-RAN does not change. SA2 needs to be informed.

2.3 
Session Management Details for HO between gNBs supporting MBS

As discussed in [2], transfer of the UE context from the source to the target gNB inherits signalling principles from PDU/MBS Session management.

With the basic structure of PDU Session Management information enhanced with MBS Session management information, also with associated QoS flow information to enable interworking with gNBs not supporting MBS.
In NGAP

-
NG Handover Resource Allocation Signalling uses the same IE for transferring UE Context information as is used in PDU Session management signalling. There are no additional changes necessary as compared to the one proposed in R3-210639 [2].

-
As discussed, and already concluded in previous meeting(s), an NG-RAN node shall be able to establish the MBS Session Resources before the HO execution takes place, if the UE is the first UE to enter the target gNB, having joined an active MBS Session. This results in the definition of a (probably class 2 type of) NG-RAN request to start the 5GC initiated establishment of MBS Session resources at that gNB.

-
we have also discussed the necessity of providing information to the SMF holding the (associated) PDU Session contexts of the UE on whether the RAN has actually understood and stored the MBS Session related information. R3-210639 [2] already contains this approach for Path Switch and a subsequent PDU Session modification.

Observation 4:
In other papers (R3-210639 [2] and R3-210642 [3]) Session Management related additions in NGAP for mobility related procedures have been discussed already, especially within HO Resource Allocation, Path Switch and subsequent PDU Session Modification.

Proposal 4:
If not yet convinced by discussions led in R3-210639 [2] and R3-210642 [3] it would be time to re-consider approval of the signalling additions described and suggested in R3-210642 [3].

In XnAP

-
The PDU Session Information via which the UE performs joining the MBS Session and which may contain associated QoS Flow information, will need to be enhanced in analogy to the proposal contained in R3-210639 [2]:

-
for homogenous support of MBS, an item of the existing PDU Session Resources To Be Setup List IE is enhanced by the MBS Sessions 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 XnAP, at HO, include in the legacy QoS Flows To Be Setup List QoS flow information according to the associated QoS flow(s)
-
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 XnAP, at HO, the legacy QoS Flows To Be Setup List does not contain QoS flows corresponding to 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.

Observation 5:
In analogy to the (associated) PDU Session additions proposed in R3-210639 [2] for NGAP, handling of MBS Session related information during the transfer of UE Context data during XnAP HO to the target gNB can be performed.
Proposal 5:
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.
2.4 
Support of mobility in RRC_INACTIVE between gNBs supporting MBS

XnAP signalling refers to the same PDU Session Resources To Be Setup List IE as used during Xn Handover. We do not see any reason why UEs in RRC_INACTIVE would not be able to perform mobility in RRC_INACTIVE and, in case the UE crosses a gNB served area, retrieval of the UE Context from the old gNB wouldn’t be possible, along the same principles of adding MBS Session information and interworking with non-supporting gNBs as described in [2] and in section 2.3.

Seemless handover in RRC_INACTIVE between two supporting gNBs might be of an issue if the new gNB has not yet established MBS Session resources. Even more issues may arise in interworking with non-supporting gNBs, but if QoS requirements are not high, a glitch in MBS data delivery could be acceptable. We do not propose to optimize RRC_INACTIVE mobility but would like to highlight the re-usability of MBS related protocol add-ons in XnAP for RRC_INACTIVE mobility.

Observation 6:
The same PDU Session Resources To Be Setup List IE used in the HANDOVER REQUEST message is used in the RETRIEVE UE CONTEXT REQUEST message. So, at UE context transfer to a new gNB in the course of mobility in RRC_INACTIVE, MBS Session information will be passed to the new gNB. This may allow, once details about reception of multicast MBS traffic in RRC_INACTIVE have been discussed in RAN2, to further look into this topic.
3
Conclusion and Proposals
The following observations and proposals were made in this paper:

Observation 1:
Virtualisation of gNB-CU-UPs provides an excellent means to support implementations with a central gNB-CU-UP serving multiple gNBs for 5GC shared MBS traffic delivery. Rel-15 principles already allow to keep the gNB-CU-UP during inter-gNB HO and this principle of shared ownership of NG-U and SDAP/PDCP protocol termination can be also applied for MBS. 

Observation 2:
Introducing a protocol on NG-U/N3 to enable alignment of PDCP SNs between gNBs is possible, but potentially collides with future standardisation activities on SFN operation and definition of a 5G MBS SYNC protocol.

Proposal 1:
Abstain from a Rel-17 solution realising alignment of PDCP SNs between gNBs by NG-U protocol means.

Proposal 2:
Support coordination of a central PDCP entity supporting 5GC shared MBS traffic delivery shared among multiple gNBs with impacts on E1, NG and potential 5GC internal interfaces. Liaise SA2 and CT4 on respective 5GC internal matters.

Observation 3:
Data forwarding of MBS user data in between gNBs supporting MBS is not necessary, assuming MBS traffic to be provided to the target gNB latest at the time of HO execution. UE individual retransmission of PDCP PDUs is possible at the target gNB for PDCP PDUs available in a buffer (such buffer should be available in legacy implementation of unicast traffic).

Proposal 3:
Agree that stage 2 example message flows for mobility between gNBs supporting MBS will not mention data forwarding under the assumption that the distribution tree towards the target gNB is already updated at HO execution or the PDCP entity in NG-RAN does not change. SA2 needs to be informed.

Observation 4:
In other papers (R3-210639 [2] and R3-210642 [3]) Session Management related additions in NGAP for mobility related procedures have been discussed already, especially within HO Resource Allocation, Path Switch and subsequent PDU Session Modification.

Proposal 4:
If not yet convinced by discussions led in R3-210639 [2] and R3-210642 [3] it would be time to re-consider approval of the signalling additions described and suggested in R3-210642 [3].

Observation 5:
In analogy to the (associated) PDU Session additions proposed in R3-210639 [2] for NGAP, handling of MBS Session related information during the transfer of UE Context data during XnAP HO to the target gNB can be performed.

Proposal 5:
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.
Observation 6:
The same PDU Session Resources To Be Setup List IE used in the HANDOVER REQUEST message is used in the RETRIEVE UE CONTEXT REQUEST message. So, at UE context transfer to a new gNB in the course of mobility in RRC_INACTIVE, MBS Session information will be passed to the new gNB. This may allow, once details about reception of multicast MBS traffic in RRC_INACTIVE have been discussed in RAN2, to further look into this topic.
Final Proposal: Agree on TPs provide in [4] (38.300) [5] (38.410 and 38.413), [6] (38.423) and [7] (38.401 and 38.463)
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