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1 Introduction
In last meeting [2], RAN3 has agreed to support Partial Migration and is discussing whether to support the full migration using 2 logical IAB-DUs in an IAB node. In full migration, UE and descendant IAB-MT are handed over between cells pertaining to different logical IAB-DUs connected to source donor-CU and target donor-CU respectively.
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Figure 1: UE handover between cells pertaining to different logical IAB-DUs
RAN3 has sent LS to RAN1/RAN2/RAN4 asking for the feasibility of following two implementations [1]:
1) Implementation 1: the two logical DUs use separate air interface resources. 
2) Implementation 2: the two logical DUs share the same air interface resources.
This contribution discusses issues on UE handover under the above two implementations. 
2 Discussion
For implementation 1, RAN3 understands that the UEs can be smoothly handed over from a cell of one logical DU to a cell of the other logical DU via the legacy handover procedure. During the handover procedure, both cells from each logical DU should be active. However, since two cells should be the same coverage, different air interface of the two logical DUs using the same frequency will introduce interference to UEs. And the usage of radio resource is inefficient since the IAB-node always have to prepare two sets of air interface for two logical DUs.
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Figure 1: UE handover under implementation 1
For implementation 2, only the signals from one cell (either cell using the NCGI related to donor-CU 1, or cell using the NCGI related to donor-CU 2) are active over the air interface at a time. Implementation 2 can overcome problem of implement 1.
Observation 1: The problems of implementation 1 include:

- Different air interface of logical DUs using the same frequency will introduce interference to UEs

- Radio resource is inefficient since the IAB-node has to prepare two sets of air interface for two logical DUs  

Observation 2: Implementation 2 can overcome problems of implement 1, since the air interface resources are shared between 2 logical DUs.
Proposal 1: Adopt implementation 2 to be used in the boundary node during full migration.

As was described in the LS [1], in implementation 2 the NCGI broadcast by the air resource will be changed from the NCGI related to donor-CU 1 to that related to donor-CU 2. But the PCI and DL frequency may not change. 
There are two scenarios to be considered for implementation 2:

Scenario 1: Cells of two logical DUs use different PCIs or DL frequencies

Scenario 2: Cells of two logical DUs use the same PCI and DL frequency
2.1  Scenario 1 of implementation 2: Cells of two logical DUs use different PCIs or DL frequencies
If two logical DUs use different PCI or DL frequency, when the air resource is switched to the cell configuration of target logical DU, the UE or descendant IAB-MT which connect with the source donor-CU will suffer from RLF since the security key (KgNB) is PCI and DL frequency related. The change of the common configuration of serving cell for UE can rely on handover procedure. RRC Reconfiguration message for UE at least contains MasterKeyUpdate and ReconfigurationWithSync including PCI and common cell configuration of target logical DU.
In scenario 1, cell of source logical DU cannot serve the UEs which connect with the source source-donor CU after the air resource is switched to target logical DU. As shown in Figure 2, all the UEs should hand over to the target logical DU after the air interface switching. All the RRC Reconfigurations for UEs should be delivered before air resource is switched to target logical DU. As a result, the boundary node needs to know when to switch the air resource. For example, it can switch air resource at receiving the indication from source donor-CU. 
Some UEs may not connect with target cell immediately after receiving RRC reconfiguration, since before the air interface switching the air resource still broadcasts signals of the cell belonging to source logical DU at that time. That will cause T304 expiry and RLF. To deal with the issue of T304 expiry, UEs can be configured with CHO, otherwise UEs should be configured with T304 of longer period.
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Figure 2: UE handover in scenario 1 of implementation 2

For scenario 1, the F1 associations with two donor-CUs are not used simultaneously. Before the air interface switching, the F1 association for source logical DU with source donor-CU is used for the DL F1AP including the RRC reconfiguration message delivered to source logical DU. While after the air interface switching, the F1 association for target logical DU with target donor-CU is used for the UL F1AP including the RRC Reconfiguration Complete message and the following DL and UL F1AP messages. The UE context under the target logical DU can reuse that under the source logical DU. The C-RNTI for UE or descendant IAB-MT can remain the same after the air interface switching. RRC Reconfiguration for UE may not contain C-RNTI.
After air interface switching, the new UEs accessing the boundary IAB-node are served by the cell of target logical DU.
Proposal 2-1: All the RRC Reconfiguration messages for UEs should be delivered before air resource is switched to target logical DU.

Proposal 2-2: RRC Reconfiguration for UE at least contains MasterKeyUpdate and ReconfigurationWithSync including PCI and common cell configuration of target logical DU. 

Proposal 2-3: To prevent the T304 expiry, UE can be configured with CHO or T304 of longer period.

Proposal 2-4: The C-RNTI for UE can remain the same after the air interface switching.
2.2  Scenario 2 for implementation 2: Cells of two logical DUs use the same PCI and DL frequency
In scenario 2, NCGIs are different for cells belonging to different logical DUs, some other cell configurations may be different as well (e.g., the initial BWP). But the PCI and DL frequency are the same. When the air resource is switched to the target logical DU, the UEs connected with the source donor-CU can continue to be served even if the NCGI as well as other cell configuration of radio resource are changed. Handover cannot be used for the change of the common configuration of serving cell for UE. 

It is observed that when some UEs are handed over from source logical DU to target logical DU, other UEs can still connect with source donor-CU through source logical DU.  The F1 associations with two donor-CUs can be active simultaneously. As a result, the IAB-node doesn’t know whether the UL F1AP message for UE should be sent through the F1 association with source donor-CU or should be sent through the F1 association with target donor CU. Therefore, new C-RNTI should be allocated for UE. As the AS security key is changed for the target donor-CU, RRC Reconfiguration message should at least include MasterKeyUpdate and ReconfigurationWithSync. However, ReconfigurationWithSync may not contain the PCI and common cell configuration of the target logical DU for the PCI and DL frequency are not changed. UE can obtain the system information of the cell belonging to target logical DU at completing the reconfiguration with sync.
Since UEs can still connect with source donor-CU after the NCGI as well as the cell configuration are changed to that of the target logical DU, the RRC Reconfiguration messages can be delivered to UEs after the change of NCGI and cell configuration in air interface. Figure 3 shows the case that the UE hands over after the air resource changes to the target logical DU. After reconfiguration with sync completion, the UE acquires the system information of the target logical DU which includes the changed NCGI.
Similarly, UEs can be served by the target donor-CU when the air resource is still broadcasting signals of the source logical DU, the RRC Reconfiguration messages can be delivered before the change of NCGI and cell configuration at air interface. In that case, the UE may not be able to acquire the system information of the target logical DU which includes the changed NCGI because the air interface may be still serving the source logical DU when the UE completes reconfiguration with sync. The SI change procedure can be used for the UE to acquire the system information of the target logical DU.
After the switching of air interface, the UEs newly accessing the boundary IAB-node are served by the cell of target logical DU.
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Figure 3: UE handover in scenario 2 of implementation 2
Observation 3-1: UE can still be served by source logical DU after the air interface is switched to the target logical DU. 

Observation 3-2: UE can be served by target logical DU when the air resource is still broadcasting signals of the source logical DU.
Proposal 3-1: RRC Reconfiguration for UE can be delivered after or before the change of air resource.
Proposal 3-2: RRC Reconfiguration messages for UEs should include MasterKeyUpdate as well as ReconfigurationWithSync without PCI and common cell configuration of target logical DU.
Proposal 3-3: New C-RNTI should be allocated for UE. 
2.3  Summary
As the discussion above, in scenario 1, the RRC Reconfiguration messages for UEs should be delivered before air resource is switched to target logical DU. Therefore, the UE should be configured with CHO or long period T304, otherwise the UE may suffer RLF during handover. And the boundary IAB-node may need the indication from source donor-CU for air resource switching. 
In scenario 2, the RRC Reconfiguration messages can be delivered after or before the air resource is switched to target logical DU. Scenario 2, i.e. cells of two logical DUs using the same PCI and DL frequency has less impact to UE and less standardization effort.
Proposal 4: RAN2 is proposed to prioritize the scenario 2 of implementation 2 with the cells of two logical DUs using the same PCI and DL frequency.
3 Conclusion

In this contribution, we have discussed the UE handover under two implementations which are mentioned in LS from RAN3. The following observations and proposals are made:
Observation 1: The problems of implementation 1 include:

- Different air interface of logical DUs using the same frequency will introduce interference to UEs

- Radio resource is inefficient since the IAB-node has to prepare two sets of air interface for two logical DUs  

Observation 2: Implementation 2 can overcome problems of implement 1, since the air interface resources are shared between 2 logical DUs.
Proposal 1: Adopt implementation 2 to be used in the boundary node during full migration.

Proposals for scenario 1 of implementation 2:

Proposal 2-1: All the RRC Reconfiguration messages for UEs should be delivered before air resource is switched to target logical DU.

Proposal 2-2: RRC Reconfiguration for UE at least contains MasterKeyUpdate and ReconfigurationWithSync including PCI and common cell configuration of target logical DU. 

Proposal 2-3: To prevent the T304 expiry, UE can be configured with CHO or T304 of longer period.

Proposal 2-4: The C-RNTI for UE can remain the same after the air interface switching.
Observations and proposals for scenario 2 of implementation 2:
Observation 3-1: UE can still be served by source logical DU after the air interface is switched to the target logical DU. 

Observation 3-2: UE can be served by target logical DU when the air resource is still broadcasting signals of the source logical DU.
Proposal 3-1: RRC Reconfiguration for UE can be delivered after or before the change of air resource.
Proposal 3-2: RRC Reconfiguration messages for UEs should include MasterKeyUpdate as well as ReconfigurationWithSync without PCI and common cell configuration of target logical DU.
Proposal 3-3: New C-RNTI should be allocated for UE. 
Summary:

Proposal 4: RAN2 is proposed to prioritize the scenario 2 of implementation 2 with the cells of two logical DUs using the same PCI and DL frequency.
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