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1. Introduction
The WID [1] defines the following objectives:
· Define Procedures for migration/topology adaptation to enable IAB-node mobility, including inter-donor migration of the entire mobile IAB-node (full migration) [RAN3, RAN2]

· Enhancements for mobility of an IAB-node together with its served UEs, including aspects related to group mobility. No optimizations for the targeting of surrounding UEs. [RAN3, RAN2]

Note: Solutions should avoid touching upon topics where Rel-17 discussions already occurred and where the topic was excluded from Rel-17, except for enhancements that are specific to IAB-node mobility.

· Mitigation of interference due to IAB-node mobility, including the avoidance of potential reference and control signal collisions (e.g. PCI, RACH). [RAN3, RAN2]
This paper is aimed to discuss further considerations on the highlighted objective shown above. 
2. Discussion
2.1. Potential issues for PCI collisions
In a legacy system where cells are considered to be at fixed locations, a network operator may allocate PCIs to the cells with no potential collisions. That is, at a given location and a given time, it is unlikely that a UE detects two cells sharing the same PCI. 

Allocations of PCIs to mobile cells served by mobile IAB nodes may be problematic, since the allocations made at a certain time cannot guarantee collision-free for later time. For example, a mobile cell served by a mobile IAB mounted on a traveling bus may possibly end up with being in proximity to a fixed cell or another mobile cell with the same PCI.

Allowing two or more cells sharing the same PCI in a proximity of the UE will cause issues on various UE operations including:
· Cell reselection procedure for measuring and reselecting neighboring cells.
· Measuring, reporting and executing handovers

· Measuring and reporting for Automatic Neighbour Relation
· Delay in DL synchronization
· High BLER and decoding failure of physical channels scrambled using PCI
Since unique PCIs for neighbouring cells are the foundation of the 5G network operation/planning, we think that PCI collisions need to be avoided, and solutions need to eliminate, rather than mitigate, the collisions. 
Proposal 1: PCI collisions, potentially caused by cells served by mobile IABs, need to be avoided, and solutions need to eliminate, rather than mitigate, the collisions.
2.2. Possible solutions
There are several options for avoiding PCI collisions.

Option 1: Allocate PCIs reserved for mobile IAB nodes

In this option, a cell served by a mobile IAB node is assigned with a PCI from a reserved range of PCIs. The network operator may need to ensure that the PCI assigned to the cell served by the mobile IAB is unique and no possible collisions with any other cells within the area that the mobile IAB is expected to be located.
This option may have no impact on the current specifications as it is a network deployment/implementation matter. However, it may work only when the mobility of the mobile IAB is limited and not many mobile IABs are in the same area. For wide area deployment, scalability may be a challenge.

It should be understood that not any of the 1008 unique PCIs can be freely used in a given area. A UE should not be able to simultaneously receive multiple PCIs with the following modes to minimize impact on network performance [2]:
· PCI Mod 3 (to avoid delay in cell acquisition and misleading channel estimation)

· PCI Mod 4 (to avoid DMRS interference)

· PCI Mod 30 (to avoid SRS inter-cell interference based on the same root of ZC sequence)

This constraint, which could be avoided for stationary cells by careful allocations of PCIs, may limit the flexibility in allocating PCIs for mobile IAB nodes, since even if a PCI allocated to a mobile IAB is unique in a given area, we may need to avoid/minimize collisions of PCI Mod 3/4/30 cells that are likely to be in a proximity of the IAB node.
Thus, in a situation of a metropolitan/urban area where hundreds of public transportation vehicles equipped with mobile IAB nodes are traveling in and out of the same area, it may not be practical to allocate unique PCIs while satisfying the constraint above. The possible case where reserved PCIs may work may be a situation that guarantees only a small number of IAB nodes confined to a limited area. Obviously, this does not scale and therefore not suitable for the metropolitan/urban use case.
Observation 1: PCI allocations of mobile IAB nodes are constrained by network performance.
Observation 2: Reserving PCIs for mobile IAB nodes does not scale and therefore not suitable for metropolitan/urban use cases.

Option 2: Detect PCI collisions and change PCIs on the fly 
In this option, the network may detect a potential PCI collision between two cells based on the movement(s) of mobile IAB node(s) and change the PCI of one of the two cells on the fly. There are several ways to change the PCI. One of such ways is to shut down/deactivate a cell with a current (old) PCI and then to initiate/activate a new cell with a different PCI. This way may be referred as “hard PCI change”. Whereas another way is to initiate/activate a new cell with a different PCI before shutting down/deactivating a cell with an old PCI, which may be referred as “soft PCI change”.
Fig. 1A and Fig. 1B show example scenarios for the “hard” and “soft” PCI changes, respectively, wherein Cell A is mobile while Cell B may be mobile or fixed, and Cell C replaces Cell A due to the PCI change. 
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Fig. 1B
The potential impacts on the current specifications may depend on how graceful the transition to the new cell (e.g., cell C of Fig. 1A or Fig. 1B) will be conducted. If we assume non-graceful transition, i.e., shutting down the old cell (e.g., cell A of Fig. 1A or Fig. 1B) without notifying UEs camping on or connected to the old cell, such UEs will lose the service temporality until they find another cell, which may or may not be the new cell (cell C) that replaces the old cell (cell A). This scheme may not require additional signalling to the UEs, trading off with service interruption time. Meanwhile, if we desire to redirect the UEs to the new cell in a graceful manner, it may require signaling to guide the UEs to the new cell. We recommend RAN2 study to see if there is a mechanism in the current specifications to support the redirection to the new (replacing) cell and possible enhancements if needed.
RAN2 is recommended to study the options above for avoidance of PCI collisions.
Propose 2: RAN2 to study the following options for avoidance of PCI collisions
· Option 1: Allocate PCIs reserved for mobile IAB nodes
· Option 2: Detect PCI collisions and change PCIs on the fly 
3. Conclusions
Proposal 1: PCI collisions, potentially caused by cells served by mobile IABs, need to be avoided, and solutions need to eliminate, rather than mitigate, the collisions. 
Propose 2: RAN2 to study the following options for avoidance of PCI collisions

· Option 1: Allocate PCIs reserved for mobile IAB nodes

· Option 2: Detect PCI collisions and change PCIs on the fly 
4. Reference
[1] RP-221815 WID Mobile IAB for NR
[2] 5G NR Physical Cell ID (PCI) Planning https://www.techplayon.com/5g-nr-physical-cell-id-pci-planning/
3

