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1 Introduction

During the discussion in RAN2 regarding CHO and DAPS, there was no consensus among companies whether the IAB-DU cell (configuration) can be kept as is after IAB-MT migration, as proposed by the rapporteur of the email discussion in [1]: 

Proposal 6: RAN2 confirm one of below understandings:

Understanding 1: IAB-DU cell can be changed after IAB-MT migration;

Understanding 2: IAB-DU cell shall not be changed after IAB-MT migration
The Issue was also discussed in RAN3 in the last meeting, and therein also there was no consensus regarding this aspect, as summarized by the rapporteur in [2]:

Proposal 7.1: RAN3 to discuss if and why PCI and/or frequency may have to change during IAB-DU migration. 

In this contribution, we address this issue and its impact on the inter-donor IAB migration.

2 Discussion
2.1 Network identities and neighbor relations in NR

A UE identifies each cell via the Physical-layer Cell Identity (PCI), which is derived from the PCI group number included in the SSS and the physical layer identity included in the PSS. There are 1008 unique PCIs defined in 5G NR, double of that in LTE (504).  The NR PCIs are divided into 336 unique PCI groups and each group consisting of three different identities.

Limiting the number of PCIs makes the initial PCI detection by the UEs during cell search easier. However, the limited number of PCIs inevitably leads to the reuse of the same PCI values in different cells controlled by different gNBs. Therefore, a PCI might not uniquely identify a neighbor cell, and each cell additionally broadcasts, as a part of the SI, a globally unique cell global identifier (CGI). The CGI is constructed from the PLMN identity the cell belongs to and the NR Cell Identity (NCI) of the cell. The gNB Identifier (gNB ID) is contained with the NCI and is used to identify the gNBs within a PLMN. 

When a new base station is brought into the field, a PCI needs to be selected for each of its supported cells. The PCI assignment shall fulfill the following two conditions:

· Collision-free: The PCI is unique in the area that the cell covers for a given carrier frequency (i.e. two neighboring cells do not use the same PCI)
· Confusion-free: a cell shall not have more than one neighboring cell with identical PCI that are using the same carrier frequency 

A PCI collision can be solved only by restarting at least one of the cells and reassigning it a different PCI, causing service interruption for all the UEs that were connected to it. 

PCI confusion, on the other hand, makes handover measurements, which are based on the PCI, to become ambiguous leading to confusing measurement reports. This can lead to handover failures (HOF) or even Radio Link Failure (RLF) (e.g. if the network tries to handover the UE to the wrong base station).
Each gNB in the network needs information about its neighbour gNBs and the cells hosted by the neighbours, primarily for handover and dual connectivity purposes. UEs are using PCIs to identify cells and also use the PCIs to report measurement results. If the gNB gets a measurement report from a UE that includes a PCI that it doesn’t recognize, it requests the UE to read the CGI from SIB1 of the concerned cell. From the CGI report (i.e. gNB id included in the CGI), the gNB will be able to identify the gNB hosting the cell. If there is a possibility to setup an x2/xn connection with that neighbour, the gNB could initiate the establishment of such a connection (if not done already). 
Observation 1:
Collision-free (i.e. no two neighboring cells having the same PCI for a given frequency) and Confusion-free (i.e. a cell not having two neighbors that have the same PCI for a given frequeny) allocation of PCIs is essential for enabling proper mobility support for UEs and preventing unnecessary RLFs, HOFs, and re-establishments. 

2.2 Inter-donor migration of an IAB node
When an IAB-MT performs an intra-donor migration, it can be assumed the identities of the cells hosted by the IAB-DU can remain the same, as the cells still belong to the same gNB. However, it can not be assumed that the cell identities will remain the same because that will limit the flexibility of the PCI allocation in the network. 
For example, network implementation has to ensure not to reuse a PCI associated with an IAB-DU in any cell that belongs to any of the DUs that belong to any of the neighboring CUs to where the IAB node may be migrated . Even if that restriction was made, it may lead to some other problems. 
Take the scenario where an IAB node has a cell with PCI x, and is being hosted by CU1. A neighboring CU (e.g. CU2)  thus will have in its NRT an entry stating that PCI x belongs to CU1, and hence, when a UE reports a favorable measurement results towards a cell with PCI x, CU2 may decide to handover the UE to that cell and thus send a HO request message to CU1. However, if the IAB node is migrated to another donor (e.g. CU3), and it still has kept the same PCI x, then, it is possible that CU2 will send the HO request message to the old CU (i.e. CU1), which may result in the handover being rejected by CU1, as it no longer hosts a cell with a PCI x. 
This problem could also be solved via implementation. For example, the source CU, upon noticing it has received a Handover Preparation Failure, with a cause value of “cell not available”, may decide to ask the UE to perform CGI reporting for the concerned PCI, and then be able to update the NRT by associating the neighbor cell with the new gNB indicated in the CGI report, and then send the HO Request to this gNB/CU instead. However, this is a lengthy procedure and there is a risk of the UE experiencing a RLF during that time.
Observation 2:
Network implementation may try to ensure the PCIs of the cells of an IAB-DU are maintained during inter-donor migration without PCI confusion/collision, but this will lead to less flexible deployments and likely to cause problems during subsequent handovers of UEs or IAB nodes to the cells of the migrated IAB node.

Thus, we propose:
Proposal 1:
RAN3 to confirm that it can not be assumed that the PCI of the IAB-DU will be kept after inter-node IAB migration. 
During the discussion in [2], some companies seem to think that the IAB migration procedure can be stopped after the relocation of the IAB-MT, and it can remain completely transparent to the descendant UEs and IAB nodes. The proponents of this also propose that since IAB migration is mainly for (short term) load balancing, there is no need for migrating the UE contexts of the descendants to the target CU. However, even if the PDCP termination points of the descendants is unchanged (and hence no need to update the security keys), a change of the PCI, as discussed above will lead to the need to update the security keys, as the PCI and frequency are also used in the key derivation procedure at the UEs. 

Observation 3:
Even if the contexts of children UEs and IAB nodes are maintained at the source CU during inter-CU IAB migration, a PCI change will require the security keys at the children UEs and IAB-MTs need to be updated.

Another issue discussed in [2] was, in case the descendant UEs and IAB nodes need to be migrated, how the overall procedure is undertaken. Therein, the following alternatives were identified:

In the last meeting, we discussed top-down, bottom-up and nested sequences for IAB-MT migration. Prior to this meeting, the moderator proposed the following definitions: 

· Bottom-up: RRC Reconfiguration and RRC Complete MSGs are delivered via source path.

· Top-down: RRC Reconfiguration and RRC Complete MSGs are delivered via target path.

· Nested: RRC Reconfiguration is delivered via source path and RRC Complete via target path.

We further differentiated between gradual vs. full migration procedures: 

· Gradual procedures also support full migration (as the chairman pointed out in last meeting). 

· Full-only migration procedures may exist that use less (new) signaling than gradual procedures

Regardless of which alternative is taken, there is one underlying chicken or egg problem, because, whether the low level nodes are migrated first or not, when their parent nodes get migrated and their corresponding IAB-DUs are reconfigured (e.g. PCIs changed), unnecessary radio link failures and re-establishments may occur at the children UEs.  Thus, normal handover signaling (whether bottom-up, top-down, or nested) will not be sufficient to address this issue.
Observation 4:
Regardless of the order of migration (top level first, bottom level first, etc), there is an inherent risk in the triggering of unnecessary radio link failures and re-establishments of children nodes/UEs during an IAB node migration. 

Proposal 2:
Mechansisms are needed to ensure that unnecessary radio link failure and re-establishments are not triggered by children UEs and IAB node when a parent IAB node migrates. The details need RAN2/3 discussions.
3 Conclusion

In this contribution, the following observation were made regarding inter-donor IAB migration: 

Observation 1:
Collision-free (i.e. no two neighboring cells having the same PCI for a given frequency) and Confusion-free (i.e. a cell not having two neighbors that have the same PCI for a given frequeny) allocation of PCIs is essential for enabling proper mobility support for UEs and preventing unnecessary RLFs, HOFs, and re-establishments. 

Observation 2:
Network implementation may try to ensure the PCIs of the cells of an IAB-DU are maintained during inter-donor migration without PCI confusion/collision, but this will lead to less flexible deployments and likely to cause problems during subsequent handovers of UEs or IAB nodes to the cells of the migrated IAB node.

Observation 3:
Even if the contexts of children UEs and IAB nodes are maintained at the source CU during inter-CU IAB migration, a PCI change will require the security keys at the children UEs and IAB-MTs need to be updated.

Observation 4:
Regardless of the order of migration (top level first, bottom level first, etc), there is an inherent risk in the triggering of unnecessary radio link failures and re-establishments of children nodes/UEs during an IAB node migration. 

Based on these observations, the following conclusions were made:

Proposal 1:
RAN3 to confirm that it can not be assumed that the PCI of the IAB-DU will be kept after inter-node IAB migration. 

Proposal 2:
Mechansisms are needed to ensure that unnecessary radio link failure and re-establishments are not triggered by children UEs and IAB node when a parent IAB node migrates. The details need RAN2/3 discussions.
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