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Introduction
This contribution discusses the issues on consecutive partial migration and full migration. 

Consecutive partial migration
Last RAN3 meeting agreed following
The mobile IAB-node may perform multiple consecutive partial migrations without inter-donor migration of its mobile IAB-DU. 

Let’s assume the partial migration is performed from IAB-donor1 to IAB-donor2, then to IAB-donor3. A possible procedure based on Rel-17 is described below:
· Step 1: IAB is partial migration from IAB-donor1 to IAB-donor2. (source XnAP UE ID: 100, target XnAP UE ID: 200)

(Starts further partial migration to IAB-donor3)
· Step 2: IAB-donor2 send Xn HANDOVER REQUEST (source XnAP UE ID: 201) to IAB-donor3, i.e. start the further partial migration to IAB-donor3. 
The Xn HANDOVER REQUEST message also includes the XnAP UE ID (e.g. 100) assigned by IAB-donor1-CU. 

· Step 3: IAB-donor2 receive the Xn HANDOVER REQUEST Ack (target XnAP UE ID: 300) from IAB-donor3. 

· Step 4: IAB-donor2 informs IAB-donor1 for the upcoming HO to IAB-donor3. 

· Step 5: IAB-donor2 send HOCommand to IAB-MT
· Step 6: IAB-MT detach from IAB-donor2 and connect with IAB-donor3.
IAB-donor2 can release the context for the IAB when no further data is routed via IAB-donor2’s topology. 
· Step 7: IAB-DU inform IAB-donor1 for the new TNL address. F1-C is migrated to IAB-donor3’s topology.
· Step 8: IAB-donor1 initiate the Xn IAB Transport Migration Management Request procedure to move the offloaded traffic to IAB-donor3.
· Step 9: IAB-donor3 reply with the L2 transport info for the offloaded traffic.
· Step 10: the F1-U is migrated to IAB-donor3’s topology. 

The consecutive partial migration can be supported with little enhancements to XnAP. The possible enhancement is for IAB-donor2 to informs IAB-donor1 for the upcoming HO to IAB-donor3 (Step 4). 

Last RAN3 meeting agreed
For inter-donor partial migration, the donor CU serving the mIAB-DU is informed about the mIAB-MT HO. FFS on signalling details concerning the indication.
WA: The source donor CU for the mIAB-MT HO provides to the donor CU serving the mIAB-DU at least the:
•	gNB ID of the target donor CU for the mIAB-MT HO.
•	ID(s) of the mIAB-MT. How the mIAB-MT ID is maintained across migrations needs to be further discussed
•	FFS: the TNL address of the target donor CU for the mIAB-MT HO. 
It can be further discussed which node provides information to the donor CU serving the mIAB-DU
For partial migration of mIAB-node, the donor CU serving the mIAB-DU and the target donor CU for the mIAB-MT HO can directly exchange Xn IAB Transport Migration messages, in case direct Xn connectivity exists (or is established) between the two donor CUs.
Focus first on the scenarios where Xn and IP connectivity are available between the source and target donors for IAB-MT HO and mIAB-DU migration.

With above RAN3 agreement, the IAB-donor1-CU is informed about IAB-MT HO from IAB-donor2 to IAB-donor3. IAB-donor2-CU provides information to IAB-donor1-CU about the gNB ID of IAB-donor3-CU, ID of the IAB-MT, etc. A new Xn procedure may need to be introduced.

For the ID of the IAB-MT, the source IAB-donor-CU and target IAB-donor-CU maintains the XnAP UE IDs of the migrating node as long as the target path is used for transport of traffic between the migrating node and the source IAB-donor-CU. In consecutive partial migration, the XnAP UE IDs of the migration node needs to be maintained in both IAB-donor1 and IAB-donor3. Last RAN3 meeting’s agreement mainly considers the ID information maintained in the IAB-donor1, but does not cover the information maintained in the IAB-donor3. 
When the IAB-MT is HO’d from IAB-donor2 to IAB-donor3, IAB-donor2 need to inform IAB-donor3 about the XnAP UE ID assigned to the IAB-MT by IAB-donor1. 
Proposal 1: during the consecutive partial migration, the source donor CU provides to the target donor CU about the XnAP UE ID of the IAB-MT assigned by the F1-terminating IAB-donor-CU during the Handover preparation procedure. 

The information provided from the IAB-donor2 to IAB-donro1 needs to include the necessary information to identify the target IAB-donor, the ID of the IAB-MT, etc. The ID of the IAB-MT can be similar to existing partial migration that XnAP UE ID remains to be used to identify the IAB-MT. 
For the TNL address of target donor CU, the purpose is to allow donor1 establish Xn with donor3 if Xn does not exist. This may be beneficial, but it may cause additional delay, e.g. due to the SCTP establishment and Xn Setup. 

Proposal 2: change the following WA to an agreement and remove FFS, i.e. 
Introduce a new XnAP procedure to allow the source donor CU for the mIAB-MT HO to provide to the donor CU serving the mIAB-DU at least the:
•	gNB ID of the target donor CU for the mIAB-MT HO.
•	the XnAP UE ID assigned by the target donor of the mIAB-MT HO.
•	the TNL address of the target donor CU for the mIAB-MT HO. 

IAB-DU migration
Overall procedure
In case full migration need to be supported, the full migration may only be supported when the IAB has 2 IAB-DUs, i.e. the 1st IAB-DU (e.g. IAB-DU1) for F1-C connection with Source Donor, and the 2nd IAB-DU (e.g. IAB-DU2) for F1-C connecting with Target Donor. The migration procedure may include intermediate stage, which is shown as below:
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Figure 1: Options for migration of IAB-MT3 and UE to IAB-donor-CU2

The HO procedure for the IAB-MT can be based on the existing HO procedure. For moving the UE context from the source Donor to target Donor, the source Donor can initiate the HO procedure for each UE and descendant IAB-MT. Both “Source F1-C” between the 1st DU of the migrating IAB-DU and source Donor, and “Target F1-C” between the 2nd DU of the migrating IAB-DU and target Donor are simultaneously active. 
Option 1: IAB-MT is first handover to target
In intermediate stage Option 1, Rel-17 partial migration is first performed. The IAB-MT is first HO to target and the “Source F1” established between the 1st DU and Source Donor is rerouted via the target path. Both “Source F1” and “Target F1” are routed via target path. Source Donor may then initiate the HO procedure for the UE. An example call flow is shown as below:


Figure 2: Example for TA call flow via intermediate stage option 1
· Step 1-7: HO procedure for IAB-MT. 
· Step 8: new IPSec tunnel establishment over target path.
· Step 9: move the “Source F1” to target path. The 1st DU establish a new SCTP association and inform source Donor to use this new SCTP association. 
· Step 10: the 2nd DU establish the F1 with target Donor. This may also be performed via source path before the HO procedure for IAB-MT. 
· Step 11: Target Donor send UE Context Release to Source Donor. Up to the implementation, Source Donor may not need to immediately remove the context for the IAB. 
· Step 12: Source Donor initiate the HO procedure for the UE. Due to the use of the 2nd DU, the UE context establishment can be performed with current F1AP procedure. 
· Step 13: UE connect with target DU (i.e. the 2nd DU in the IAB). 

Option 2: UE is first handover to target
In intermediate stage Option 2, the UE is first handover to the 2nd DU/Donor2, then the IAB-MT is handover to Donor2. This is related to the question from last RAN3 meeting “whether a mobile IAB-DU can execute inter-donor migration, while the co-located mobile IAB-MT stays connected to the same donor before and after the mobile IAB-DU migration.”
In other words, the IAB-DU migration is first performed. There are some issues for performing IAB-DU migration while the co-located IAB-MT connects with the same Donor (i.e. Donor1). 
· After the IAB-DU migrate to Donor2, it is possible that IAB-MT may fail to handover to Donor2. If so, the UEs need to be handover back to Donor1. This causes unnecessary signaling.  One may argue that the IAB-MT may not perform the migration (or handover), but that is unclear, i.e. why need the IAB-DU migration if IAB-MT remains connected to same Donor. 

· The procedure is different to Rel-17 partial migration. Donor1 need new mechanism to determine whether initiate Rel-17 partial migration, or this type of migration. 

For these reasons, we believe there is no need for “a mobile IAB-DU can execute inter-donor migration, while the co-located mobile IAB-MT stays connected to the same donor before and after the mobile IAB-DU migration”
So in a summary, there is no clear benefit for first perform IAB-DU migration (or first handover the UE). This option actually add more complexity. 

The other question from last RAN3 meeting is “whether a mobile IAB-DU can execute inter-donor migration, while the co-located mobile IAB-MT executes inter-donor migration”. This seems corresponds to the 1-step procedure executed from Initial stage to Final stage without any intermediate stage. It is unclear how this can be performed based on existing XnAP, or with small enhancement to existing XnAP. Since the co-located IAB-DU1 and IAB-DU2 can be active and operational at the same time, there is no urgency to perform the IAB-DU migration or the migration for the connected UEs in a single shot. So it is unclear about the benefit to perform the IAB-DU migration and IAB-MT migration at the same time. Before these questions are clarified, we prefer the full migration is based on Rel-17 partial migration. In other words, when there is a need, full migration is a further step after the partial migration is completed.   

Proposal 3: When there is a need, the full migration is performed after the completion of Rel-17 partial migration. 

Details to be discussed for IAB-DU migration:
In Option 1, the “new F1” between the 2nd DU and target IAB-donor is setup after the migration IAB-MT is HO to target IAB-donor. There is a possibility that the “new F1” setup may fail for various reasons. If it happens, the full migration cannot be performed. Since the migration for the connected UE is initiated by the source IAB-donor-CU, so source IAB-donor need to know whether the “target F1” is ready. Last RAN3 meeting agreed The source donor CU for mIAB-DU migration should be informed that the second logical mIAB-DU has successfully established an F1 connection towards the target CU. Details are FFS.

Two options were discussed in last RAN3 meeting
· Via XnAP		

· Via F1AP		

This issue is also related to the next issue on how IAB-donor-CU know the target cell ID to be used for HO the UE. 

In current HO Request message, the target cell ID is mandatory. The migrating IAB may have multiple cells. Each DU1’s cell will have a correspond DU2’s cell. To initiate the handover preparation procedure for the connected UE, source IAB-donor-CU need to know the target cell of corresponds to the DU2’s cell. In case the DU2 is configured as normal IAB, e.g. the PCI, NCGI, etc. 

An IAB-DU may have more than 1 cells. For example, mobile IAB is deployed on a train with 8 railway carriages. The IAB-DU have 2 cells, and each cell serves 4 railway carriages. 


Figure 3: Example for IAB-DU with more than 1 cell

· Before migration, only IAB-DU1 is active. IAB-DU1 have 2 cells with cell ID 100 (covering carriage 1-4) and 101 (covering carriage 5-8)
· After migration, only IAB-DU2 is active. IAB-DU2 also have 2 cells with cell ID 200 (covering carriage 1-4) and 201 (covering carriage 5-8). 
Source CU need to know target cell ID 200 (rather than 201) is used for those UEs connecting with IAB-DU1 cell using cell ID 100. 
· Option 1: OAM configures IAB-DU2 (e.g. cell ID), IAB-DU2 informs IAB-DU1 via implementation method since they are co-located, then IAB-DU1 informs source donor CU for the cell ID mapping via F1. 
· Option 2:  OAM configures IAB-DU2 (e.g. cell ID), IAB-DU2 informs target CU for the cell ID mapping, then target CU informs source donor CU. 

The two issues (i.e. how to know F1 is ready, and how to know the target cell ID) should be treated together and use same procedure to inform the source donor CU for mIAB-DU migration that the second logical mIAB-DU has successfully established an F1 connection towards the target CU, and the cell ID mapping from the first logical mIAB-DU cell to the second logical mIAB-DU cell.

An example using F1 procedure is described here. After the F1 is setup between DU2 and target Donor-CU, DU2 can inform the co-located DU1 that the new F1 is ready, and also inform DU1 for the new cell information. IAB-DU1 may then inform IAB-donor-CU1 that new F1 is ready with target IAB-donor and the new cell information. So IAB-donor-CU1 can know the new cell ID to be used as target cell ID before initiate the handover preparation procedure for the UE. An example call flow is shown below.




Figure 4: Example for source Donor-CU know the target cell ID
Proposal 4: use same procedure (i.e. Xn or F1) to inform the source donor CU for mIAB-DU migration that the second logical mIAB-DU has successfully established an F1 connection towards the target CU, and the cell ID mapping from the first logical mIAB-DU cell to the second logical mIAB-DU cell.

IAB migration via NG-HO
Last RAN3 meeting agreed “RAN3 to discuss support of mIAB-node mobility over NGAP.” When the IAB node migrate to target IAB-donor, Rel-17 defines Xn-HO procedure is used to handover the IAB-MT to target IAB-donor. In case target IAB-donor connects to a different AMF, i.e. the target IAB-donor belongs to a different AMF area, NG-HO should be used to handover the IAB-MT to target IAB-donor. We think it is a valid scenario that the target IAB-donor belongs to a different AMF area, while Xn may still exist between IAB-donors from different AMF area. 

Observation 1: NG-HO can be used to handover the IAB-MT to target IAB-donor.  

The existing NG-HO procedure can be reused, with small enhancements. One aspect is the IAB-MT may not have a PDU session. However, the PDU Session Resource List IE is a Mandatory IE in the NGAP HANDOVER REQUIRED message, and the PDU Session Resource Setup List IE is a Mandatory IE in the NGAP HANDOVER REQUEST message. Similar issue was also discussed in the Xn-HO, and RAN3 agreed to add the No PDU Session Indication IE in the XnAP HANDOVER REQUEST message. Similar mechanism may be introduced for NG-HO. 

There are following issues to be addressed:
· How does AMF handle the NGAP HANDOVER REQUIRED message including the PDU Session Resource List IE, but the IAB-MT actually does not have a PDU session?

Current TS38.413 defines
Upon reception of the HANDOVER REQUIRED message the AMF shall, for each PDU session indicated in the PDU Session ID IE, transparently transfer the Handover Required Transfer IE to the SMF associated with the concerned PDU session.

In case the IAB-MT does not have PDU session, this paragraph needs to be modified. The AMF can know the UE is an IAB-MT, and AMF also knows that there is no PDU session for the IAB-MT, so the AMF can handle the received PDU session information differently. For the Stage-3 implementation, there are two options:

· Option 1: not to introduce new IE, but just add text about the behaviour, e.g. “if the UE is an IAB-MT and does not have a PDU session, the AMF shall ignore the PDU session information.” 

· Option 2: introduce No PDU Session Indication IE in the HANDOVER REQUIRED message and add following text about the behavior: “if the No PDU Session Indication IE is included in the HANDOVER REQUIRED message, the AMF shall ignore the PDU session information. ” 

Option 1 may be enough. 

· How does the target IAB-donor handle the NGAP HANDOVER REQUEST message including the PDU Session Resource Setup List IE, but the IAB-MT actually does not have a PDU session?

Current TS38.413 defines:
Upon receiving the PDU Session Resource Setup List IE contained in the HANDOVER REQUEST message, the target NG-RAN node shall behave the same as defined in the PDU Session Resource Setup procedure.

In case the IAB-MT does not have PDU session, this paragraph needs to be modified. The HANDOVER REQUEST message needs to have a new indication, e.g. No PDU Session Indication IE, to inform target IAB-donor that the IAB-MT has no PDU session. 

This also affects the SA2 spec (TS23.502). For example, Nsmf operation (Step 4, 7, 11a, 11f in below figure) may not be needed when the IAB-MT does not have a PDU session and should be changed to conditional for IAB-MT. RAN3 should send a LS to SA2. 
[image: ]

Proposal 5: Introduce the No PDU Session Indication IE in the HANDOVER REQUEST message
A draft TS38.413 CR can be found at ([3])

Proposal 6: RAN3 send LS to SA2 asking for the support for NG-HO without PDU session for the IAB-MT.


Conclusions
For IAB-DU migration, our proposals are:
Proposal 1: during the consecutive partial migration, the source donor CU provides to the target donor CU about the XnAP UE ID of the IAB-MT assigned by the F1-terminating IAB-donor-CU during the Handover preparation procedure. 
Proposal 2: change the following WA to an agreement and remove FFS, i.e. 
Introduce a new XnAP procedure to allow the source donor CU for the mIAB-MT HO to provide to the donor CU serving the mIAB-DU at least the:
•	gNB ID of the target donor CU for the mIAB-MT HO.
•	the XnAP UE ID assigned by the target donor of the mIAB-MT HO.
•	the TNL address of the target donor CU for the mIAB-MT HO. 
Proposal 3: When there is a need, the full migration is performed after the completion of Rel-17 partial migration. 
Proposal 4: use same procedure (i.e. Xn or F1) to inform the source donor CU for mIAB-DU migration that the second logical mIAB-DU has successfully established an F1 connection towards the target CU, and the cell ID mapping from the first logical mIAB-DU cell to the second logical mIAB-DU cell.

Observation 1: NG-HO can be used to handover the IAB-MT to target IAB-donor.  

Proposal 5: Introduce the No PDU Session Indication IE in the HANDOVER REQUEST message
A draft TS38.413 CR can be found at ([3])

Proposal 6: RAN3 send LS to SA2 asking for the support for NG-HO without PDU session for the IAB-MT.
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