[bookmark: _Hlk519580081][bookmark: _Hlk527628066]3GPP TSG-RAN WG3 Meeting #111-e	R3-210487
25 January – 4 February 2021

Agenda item:	13.2.1.
Source:	Nokia, Nokia Shanghai Bell
Title:	discussion on Inter-Donor IAB Node Migration
Document for:	Discussion and Decision
Introduction
Last RAN3 meeting discussed the inter-donor migration, and agreed following [1]:
For IAB nodes connected to a single donor, IAB-MT migration between IAB-donors can support robustness and load balancing; the Xn handover preparation procedure is taken as baseline.
For IAB nodes connected to 2 donors, robustness and load balancing can be supported by using simultaneous connectivity
It is not precluded for an IAB node to have simultaneous F1 interfaces to 2 donor CUs using the concept of separate logical IAB-DUs in the same physical node
As a consequence of adopting the Xn HO prep procedure as BL, the new IAB-donor needs to have an F1AP association with the IAB-DU holding the target cell before responding to the initiating message of the UE migration procedure 
UE-migration to the new IAB-donor requires security context/key change
For IAB-MT migration, continue to discuss full and gradual sequences to migrate IAB-MT, UEs and descendent nodes
 
This contribution analyses the technical details on inter-donor migration on a) IAB-MT is migrated between IAB-donors with one DU in IAB node, or with dual DU in IAB node and b) IAB-MT is simultaneously connected to two IAB-donors. 
Discussion on “IAB-MT is migrated between IAB-Donors”
This section analyses the options for a) IAB-MT is migrated between IAB-donors. For the IAB-MT part, current handover procedure can be reused. Depending on whether the context for the UE and descendant IAB-MT (referred as “UE context” in below paragraph) is moved to target Donor, there are 2 options
· Option 1: UE context is also moved to target Donor. 
In this option, all UE context are moved to target Donor. After the migration is completed, the Source Donor does not have any context for the migrating IAB, the descendant IABs, and the UEs connected to the migration IAB or descendant IAB. 

· Option 2: UE context remains in source Donor. 
In this option, all UE context remains in source Donor. Only the context for the migrating IAB-MT is moved to target Donor. 
2.1. Option 1 - UE context is also moved to target Donor
Option 1 has 2 further options: 
 - Option 1a when an IAB node only have one gNB-DU.
 - Option 1b when an IAB node have 2 gNB-DUs. 
2.1.1 Option 1a - UE context move for an IAB node which only has one gNB-DU
In this option, an IAB node only has one gNB-DU. With current inter-gNB handover procedure, the Source gNB-DU and Target gNB-DU are referring to the same gNB-DU in the IAB node. Before the migrating IAB detach from the source cell, the IAB-DU only have the F1-C interface with Source Donor. 
A typical inter-gNB handover procedure (from TS 38.401) is copied as below as reference. 


Figure 8.9.4-1: Inter-gNB handover involving gNB-CU-UP change
As seen in above the figure, current HO procedure requires the F1-C between source Donor and IAB-DU, and the F1-C between target Donor and IAB-DU. This is also reflected in the agreement “As a consequence of adopting the Xn HO prep procedure as BL, the new IAB-donor needs to have an F1AP association with the IAB-DU holding the target cell before responding to the initiating message of the UE migration procedure”. 
When the IAB only have an gNB-DU, it is not possible for the IAB-DU to setup F1 interface with Target Donor, while maintaining the F1 interface between the IAB-DU and Source Donor. This means current HO procedure cannot be reused, unless an enhancement is introduced. It may be argued that this may be solved by some enhancement, e.g. reusing the F1AP UE context established in the source Donor in target Donor via transferring the F1AP UE context during the HO preparation procedure for the UE. But this may be a big change. 
Observation 1: When IAB only have one gNB-DU, it is not possible to reuse current HO procedure for the UE, unless a big change is introduced. 
Proposal 1: RAN3 deprioritize the solution that using HO procedure to move UE context to target Donor, when the IAB only have one gNB-DU. 
2.1.2. Option 1b – UE context move for an IAB node which has two gNB-DUs
In this option, an IAB node may have 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. This was discussed in contribution ([1]), which is copied as below:
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Figure 3: Options for migration of IAB-MT3 and UE to IAB-donor-CU2
In this option, 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. 
In intermediate stage Option 1, 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 1: 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). 
Since the individual UE may receive the HO command at different time, it is possible that some UE may connect with target DU while other UE still connect with source DU. So both DUs and their cells shall be active simultaneously. Although the call flow may be workable theoretically from RAN3 perspective, this would cause various issues which have not been studied up to now. Activation of additional cell(s) for the migration purposes would likely require new configurations e.g. from OAM which in turn would require such scenario to be taken into account in the network planning. The cell configurations should consider at least what carrier(s) to use, SSB and access resource configurations aligned with the existing configurations in the network so that any conflicts are avoided, UE measurement configurations for cell monitoring that would still remain valid while allowing to measure new cells of the other IAB-DU, etc.. If the two DUs share the same radio resources i.e. there would be two logical cells on the same carrier(s), there should be means to avoid overlapping resource scheduling by the two DUs - noting further that the MAC instances are basically independent for the two links. The cases above are just some examples of issues that would be caused by the usage of two DUs and further complexity (both for standards and implementation) can be expected when going into details of such solution. The feasibility for 2 DUs in an IAB node should be first discussed and confirmed by RAN1/2/4. 
Observation 2: Inter-Donor migrating using 2 gNB-DU in an IAB node may be workable from RAN3 perspective, but it has various issues related to RAN1/2/4 that have not been studied up to now. 
In addition, following aspects need to be studied:
· Inter-Donor rerouting
The “Source F1” need to be routed via target path, or the “Target F1” needs to be routed via source path. This is similar to Inter-Donor Topology Redundancy. 

· Cell ID for the IAB node 
The NR Cell Identity (NCI) is related to the gNB-ID, i.e. The leftmost bits of the NR Cell Identity correspond to the gNB ID. After the IAB perform the inter-Donor migration, the IAB need to use cell NCIs that are related to target Donor. Traditionally, the OAM configures the gNB-DU for the NCIs to be used by the gNB-DU’s cells. The IAB node may provide Target Donor information the OAM server, so OAM server configures IAB node with the new NCI to be used after IAB node is successfully connected with Target Donor. There may be the case that the IAB node has more than one neighbour Donor. The Source Donor may initiate multiple HO preparation procedure for the IAB node, e.g. one HO preparation per neighbour Donor. The actual target Donor is only known after the IAB-MT successfully connected to target cell, which means the IAB node only know the new NCI after the IAB is successfully connected with Target Donor. 

Other option may be target Donor allocate the new cell ID, and provide the new cell ID to the IAB node via the RRCReconfiguration message. 

This needs to be further studied on when/how the IAB node know the new NCIs to be used after the IAB is successfully connected with target Donor. 

· Handover preparation procedure for the UE.
In current HO Request message, the target cell ID is mandatory. Source Donor need to know the target cell ID, i.e. the new NCI to be used by the IAB node after topology adaptation. The migrating IAB may not know the target cell ID since it hosts the 2 DUs. So the migrating IAB may provide this information to the Source Donor. Alternatively, this target cell ID information may be provided by target Donor if target Donor allocate the cell ID. This needs to be further studied.

· Signaling storm for the signalling related to the UE 
In this option, the normal F1 UE Context Setup procedure can be used to setup the F1AP UE context 
F1AP Context in target Donor. In case of there are many UEs connected to the IAB node, this may cause signalling storm. Further study is needed to reduce the signalling storm, e.g. transfer the F1AP UE context from source Donor to target Donor, Target Donor only need initiate the UE Context Update procedure in case target Donor change the related UE context. 

Observation 3: it is a big challenge to implement 2 gNB-DUs in one IAB node. 
Observation 4: Solution using 2 gNB-DU in the IAB requires inter-Donor routing. 
Proposal 2: RAN3 should consult RAN1/2/4 on the feasibility of dual-DU in an IAB node, before RAN3 discuss the solution using 2 gNB-DUs in one IAB node.  

2.2. Option 2 - UE context remains in source Donor
In this option, only the IAB-MT context is moved to target Donor during the HO procedure for the IAB-MT. This may be similar to the Intermediate stage Option 1 in Option 1b, but this intermediate Stage is the final Stage in this Option. 


Figure 2: Example for Option 2
Considering the main scenario is robustness and load balancing, it may be acceptable that the UE context remains in the source Donor. In case the inter-Donor topology redundancy is supported, this solution may not require other changes. 
Observation 5: Solution using UE context remains in Source Donor requires inter-Donor routing. 
Proposal 3: RAN3 adopt the solution that UE context remains in source Donor as a starting point for Inter-Donor Topology Adaptation. 

Discussion on “IAB-MT is simultaneously connected to 2 donor-CUs”
This section analyses the options for b) IAB-MT is simultaneously connected to two IAB-donors. When the IAB only have one gNB-DU, the IAB-DU only have one F1 interface with one Donor. When RLF occurs for MCG link or SCG link, all F1-C/U traffic are switched to the other path. There is no issue if the UE Context and F1-C remains in the original Donor.


Figure 3: Example for IAB simultaneously connecting to 2 Donors
Proposal 4: when the IAB-MT is simultaneously connected to 2 donors, the UE context and F1-C can remain in the original Donor, when there is a failure of the MCG link or SCG link. 

Conclusion
In this contribution, we have analysed the technical detail on inter-Donor topology adaptation. Our proposal is: 
Observation 1: When IAB only have one gNB-DU, it is not possible to reuse current HO procedure for the UE, unless a big change is introduced. 
Observation 2: Inter-Donor migrating using 2 gNB-DU in an IAB node may be workable from RAN3 perspective, but it has various issues related to RAN1/2/4 that have not been studied up to now. 
Observation 3: it is a big challenge to implement 2 gNB-DUs in one IAB node. 
Observation 4: Solution using 2 gNB-DU in the IAB requires inter-Donor routing. 
Observation 5: Solution using UE context remains in Source Donor requires inter-Donor routing. 

Proposal 1: RAN3 deprioritize the solution that using HO procedure to move UE context to target Donor, when the IAB only have one gNB-DU. 
Proposal 2: RAN3 should consult RAN1/2/4 on the feasibility of dual-DU in an IAB node, before RAN3 discuss the solution using 2 gNB-DUs in one IAB node.  
[bookmark: _GoBack]Proposal 3: RAN3 adopt the solution that UE context remains in source Donor as a starting point for Inter-Donor Topology Adaptation. 
Proposal 4: when the IAB-MT is simultaneously connected to 2 donors, the UE context and F1-C can remain in the original Donor, when there is a failure of the MCG link or SCG link. 
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