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1. Introduction
In last RAN3 meeting, on the handling of data forwarding of MRBs, a common understanding was reached as follow:
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]If source MRB progress is not provided over Xn/NG during HO procedure in case of CU/DU split cases, MC data forwarding is not supported in Rel-17.
In Rel-18, to support MC data forwarding, there are two alternatives. One is source always provides source MRB progress over Xn/NG. Another alternative is to have the new solution in the target side(R3-237483).
In this contribution, we make some analysis and provide our proposals accordingly..
2. Discussion
2.1. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Which alternative should be adopted?
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]For the two options mentioned in section 1, the first alternative has been discussed in Rel-17 and the conclusion at that time was to keep the source MRB progress as optional which could avoid extra delay in case the handover is time critical. Additionally, it is non backward compatible to change an existing IE from Optional to Mandatory. With this, we propose to adopt the second alternative i.e. new solution in target side to support MC data forwarding in case source MRB progress is not provided while the target is split architecture.  
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Proposal 1: To adopt alternative 2, i.e. exploring new solution in target side to support MC data forwarding in case source MRB progress is not provided while the target is split architecture.
2.2. Existing issues and corresponding solution
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54]According to current specification, the only way for the target gNB-CU to trigger the establishment of an MBS Multicast F1-U Context for “ptp forwarding” usage is to include the source MRB progress in the UE Context Setup Request message. The gNB-DU then provides the source MRB progress within the Multicast Distribution Setup procedure to the gNB-CU. Establishment of “ptp-forwarding” MC F1-U contexts is hence impossible if the source progress is not provided.
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Observation 1: Correction on TS 38.473 is necessary to support establishing F1-U tunnel for forwarded data without known source MRB progress.
The first problem is how the target gNB-CU triggers the establishment of an F1-U tunnel used for “ptp forwarding” with unknown source progress. Introducing a new IE seems to be straight forward.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 2: To introduce a new IE into the “UE Multicast MRB to Be Setup Item IEs” structure of TS 38.473 for a gNB-CU-CP unaware of the MRB progress at source to indicate that a PTP tunnel needs to be established for forwarded packets of an MRB.
But this is not enough and problems still exist. Multiple UEs may be handed over to this gNB-DU simultaneously, and the gNB-CU-CP needs to know the association between multiple F1AP UE Context Setup procedures and multiple F1AP Multicast Distribution Setup procedures establishing PTP tunnels for forwarded packets, in order to provide each Xn-U data forwarding address toward the corresponding source node.
Also, another issue is the extra handover delay brought by retrieval of target MRB progress/Xn-U data forwarding TNL address. Based on current call flow for inter-CU mobility with MBS, the CU-CP has to request the MRB progress/Xn-U data forwarding TNL address via MC Bearer Context Modification procedure after UE context is established in DU which causes extra E1 signaling delay.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Observation 2: With current specification, the CU-CP does not know the association between UE context and F1-U context and thereby does not know which Xn-U data forwarding TNL address should be included in each Handover Request ACK message.
Observation 3: With current specification, the provision of target MRB progress/MRB Xn-U data forwarding TNL address from target CU-CP to source NG-RAN node cause extra delay for handover procedure.    
To resolve the above two problems at the same time, update on the current call flow and also some stage 3 changes are foreseen as below: 
1) [bookmark: OLE_LINK12][bookmark: OLE_LINK15]The gNB-DU, naturally knowing the association between UE context and F1-U Context, includes the “Multicast F1-U Context Reference F1” IE of the F1AP Multicast Distribution Setup procedures into the F1AP UE Context Setup Response message to let CU-CP also get aware of the association.
2) [bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK89]And the CU-CP asks for the MC Forwarding Resource (MRB progress and/or Xn-U data forwarding TNL address) in parallel to UE Context Setup procedure towards DU or Bearer Context Setup procedure towards CU-UP to mitigate handover delay. The CU-CP allocates the received MC Forwarding Resource to any pending handed over UE in UE context and stores the MC Forwarding Resource ID in the UE context. With this, the CU-CP can send Handover Request ACK message right after receiving UE Context Setup Response message.
Note: It may be possible for the CU-CP to allocate Multicast F1-U Context Reference E1 earlier and include it in the procedure in which Xn-U forwarding TNL address is requested, however, it is not recommended since at this time F1-U tunnel establishment is not triggered yet.
3) [bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK77][bookmark: OLE_LINK80][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK81][bookmark: OLE_LINK82]After the DU triggers F1 Distribution Setup procedure, the target CU-CP can identify the UE context using the multicast context F1 reference, thus knows the MC Forwarding Resource ID corresponding to this F1-U context and includes both Multicast F1-U Context Reference E1 and MC Forwarding Resource ID in E1 MC Bearer Context Modification Request message towards target CU-UP. With this, CU-UP gets aware of the association between the MC Forwarding Resource and F1-U context. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK63]Proposal 3: It is proposed to discuss and agree the above solution to enable the target CU-CP to provide the right Xn-U data forwarding TNL address in Handover Request ACK message and avoid extra delay for provision of MRB data forwarding related information as well.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 3a: To introduce a new IE with type “Multicast F1-U Context Reference F1” into the “UE Multicast MRB Setup Item IEs” structure in the F1AP UE Context Setup Response message of TS 38.473 so that the gNB-CU CP can get aware of the association between multiple F1AP UE Context Setup procedures and multiple F1AP Multicast Distribution Setup procedures establishing PTP tunnels for forwarded packets.
[bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK98][bookmark: OLE_LINK99]Proposal 3b: To introduce a new IE “MC Forwarding Resource ID”in MC Bearer Context Modification Request message of TS 37.483 to let gNB-CU-UP understand the association between Multicast F1-U Context and the previous allocated MC Forwarding Resources.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The final correction is in the F1AP Multicast Distribution Setup Request message. For simplicity we propose reusing the “ptp forwarding” code point for the case that the source MRB progress is unknown. As a result, the semantic description of this code point needs adaption, and the presence condition of the “MRB progress information” needs adaption as well.
[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]Proposal 4: Considering the F1AP Multicast Distribution Setup Request message, to revise the semantic description of the “ptp forwarding” code point of the “MC F1-U Context usage” IE and the description of the presence condition of the “MRB progress information” within the “Multicast F1-U Context To Be Setup Item” structure, so that the “ptp forwarding” code point can be used for the case that the source MRB progress is not provided.
For alignment on E1AP: the semantic description of the “ptp forwarding” code point in E1AP should also be changed.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK96][bookmark: OLE_LINK97]Proposal 5: Considering the E1AP “MC F1-U Context usage” structure, to revise the semantic description of the “ptp forwarding” code point, so that the “ptp forwarding” code point can be used for the case that the source MRB progress is not provided.
2.3. [bookmark: OLE_LINK48][bookmark: OLE_LINK49][For information] Updated signalling flow of MRB data forwarding from/to split gNBs


Figure 8.15.2.1-1: Inter-gNB-CU Mobility for Multicast
3. Conclusion
Proposal 1: To confirm that alternative 2, i.e. exploring new solution in target side to support MC data forwarding in case source MRB progress is not provided while the target is split architecture.
Observation 1: Correction on TS 38.473 is necessary to support establishing F1-U tunnel for forwarded data without known source MRB progress.
Proposal 2: To introduce a new IE into the “UE Multicast MRB to Be Setup Item IEs” structure of TS 38.473 for a gNB-CU-CP unaware of the MRB progress at source to indicate that a PTP tunnel needs to be established for forwarded packets of an MRB.
Observation 2: With current specification, the CU-CP does not know the association between UE context and F1-U context and thereby does not know which Xn-U data forwarding TNL address should be included in each Handover Request ACK message.
Observation 3: With current specification, the provision of target MRB progress/MRB Xn-U data forwarding TNL address from target CU-CP to source NG-RAN node cause extra delay for handover procedure.  
Proposal 3: It is proposed to discuss and agree the above solution to enable the target CU-CP to provide the right Xn-U data forwarding TNL address in Handover Request ACK message and avoid extra delay for provision of MRB data forwarding related information as well.
Proposal 3a: To introduce a new IE with type “Multicast F1-U Context Reference F1” into the “UE Multicast MRB Setup Item IEs” structure in the F1AP UE Context Setup Response message of TS 38.473 so that the gNB-CU-CP can get aware of the association between multiple F1AP UE Context Setup procedures and multiple F1AP Multicast Distribution Setup procedures establishing PTP tunnels for forwarded packets.
Proposal 3b: To introduce a new IE “MC Forwarding Resource ID”in MC Bearer Context Modification Request message of TS 37.483 to let gNB-CU-UP understand the association between Multicast F1-U Context and the previous allocated MC Forwarding Resources.
Proposal 4: Considering the F1AP Multicast Distribution Setup Request message, to revise the semantic description of the “ptp forwarding” code point of the “MC F1-U Context usage” IE and the description of the presence condition of the “MRB progress information” within the “Multicast F1-U Context To Be Setup Item” structure, so that the “ptp forwarding” code point can be used for the case that the source MRB progress is not provided.
Proposal 5: Considering the E1AP “MC F1-U Context usage” structure, to revise the semantic description of the “ptp forwarding” code point, so that the “ptp forwarding” code point can be used for the case that the source MRB progress is not provided.
CRs are provided accordingly [1][2][3].
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