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1	Introduction
The following agreements on interference mitigation for mobile IAB were achieved in the last meeting [1]:

	PCI space partitioning via OAM configuration can be used in some cases for avoidance of PCI collisions.
From RAN3 perspective, existing mechanism can be used for PCI collision detection in mobile IAB scenario. Further enhancement is FFS. 
RAN3 to discuss whether mobile IAB needs any enhancements to the existing mechanisms for PCI collision avoidance and/or optimization.
From RAN3 perspective, no enhancements are needed for RACH collision avoidance unless requested by other WGs.



This contribution discusses PCI collision avoidance and RACH configuration collision avoidance. 

2	Discussion
2.1	The PCI collision problem
The PCI range for NR is 1008. This number was chosen as a compromise between network planning constraints and UE power consumption needed for PCI search. The PCI range for NR was already increased from 504 used by LTE due to the constraints encountered in LTE network planning.
Observation 1: The NR PCI range was chosen as a compromise between network planning constraints and UE power consumption used for PCI search. 
For a stationary network deployed over a 2-dimensional area, the PCI range of 1008 introduces an average reuse factor of 32 for each dimension. In 3-dimenionsal urban environments (e.g., New York, Hong Kong), at least two values are needed for the vertical dimension, reducing the reuse factor to only 16 in each horizontal dimension. Dense urban environments further establish waveguide conditions leading to an effective pathloss roll-off close to one. This waveguide effect severely exacerbates the PCI collision likelihood.
Observation 2: The limit of 1008 distinct PCI values presently imposes stringent constraints on the PCI planning for many stationary networks.  
Mobile IAB can operate in-band and out-of-band with respect to the stationary network. For in-band operation, the WID does not preclude deployment scenarios, where mobile IAB-nodes and stationary network use the same frequency. 
In this case, PCI collisions can occur between mobile IAB-nodes and stationary network, especially in scenarios where the mobile-IAB-node travels larger distance. 
Further, PCI collisions can occur among mobile IAB-nodes that use the same PCI, especially in dense urban areas where the number of mobile IAB-nodes is high and the mutual proximity between them cannot be controlled (e.g., on bus stops and in front of traffic lights).
Observation 3: PCI collisions between the mobile IAB-node and the stationary network or between mobile IAB-nodes are very likely to occur.  
RAN3 agreed that PCI partitioning can be used to avoid PCI collisions. While this approach is technically feasible, it does not sufficiently scale to typical deployment conditions:
· Reserving some of the 1008 PCI values for mobile IAB-nodes exacerbates the constraints of PCI planning for the stationary network. 
· The number of reserved PCI values for mobile IAB-nodes can only be small, which limits the scalability of the mobile IAB deployment unless PCI collisions between mobile IAB-nodes are tolerated.  
Observation 4: PCI partitioning for mobile IAB-node exacerbates the constraints on PCI planning for the stationary network, and it has limited scalability for mobile-IAB deployment.  
Observations 1 to 4 imply that PCI partitioning is not enough to avoid PCI collisions in many mobile IAB deployments. Therefore, it is proposed:
Proposal 1: RAN3 to discuss alternative means to PCI partitioning for PCI collision avoidance such as network-controlled PCI change on the mobile IAB-DU.

2.2	PCI collision avoidance
PCI collision avoidance requires two means:
1) Detection of potential or pending PCI collisions
2) Dynamic change of PCI configurations
Pending or actual PCI collisions can be detected through UE and/or IAB-MT measurement reports. For mobile IAB, it may also be possible to predict potential PCI collisions from the IAB-MT’s location. Enhancements to PCI collision detection, if needed, are in RAN2 scope.
Observation 5: Enhancements to PCI collision detection, if needed, are in RAN2 scope.  
In case pending or potential PCI collisions have been detected, the gNB-CU can reconfigure the gNB-DU’s PCI via F1AP. PCI reconfiguration by itself, however, will lead to RLF for all UEs connected. For that reason, PCI reconfiguration alone is not an appropriate mean for PCI collisions avoidance.
Observation 6: PCI reconfiguration of the gNB-DU’s cell leads to RLF for all UEs connected, and therefore, it by itself is not an appropriate mean to for PCI collision avoidance.  
It is possible to use the inter-donor IAB-DU migration procedure to dynamically change the PCI of the mobile IAB-node’s cell without causing connected UEs to enter RLF. This procedure also requires change of the IAB-donor-CU, which may not always be necessary when PCI collision avoidance is sought. It is possible, however, to only use a subset of steps from the inter-donor IAB-DU migration procedure to change the cell’s PCI without causing RLF for connected UEs and while keeping the some IAB-donor-CU the same for the mobile IAB-DU. Table 1 shows an example that compares the principal steps needed for the inter-donor IAB-DU migration procedure and the subset of these steps needed for a PCI change to avoid PCI collisions.

Table 1: IAB-DU migration vs. Dynamic PCI change
	Steps needed for inter-donor IAB-DU migration
	Steps needed for PCI collision avoidance 

	Establish F1AP to target CU
	-/-

	Activate target logical cell with new PCI value
	Activate target logical cell with new PCI value

	Handover UEs from source logical cell to target logical cell with resync
	Handover UEs from source logical cell to target logical cell without resync

	Release source logical cell
	Release source logical cell

	Release F1AP to source CU
	-/-



Observation 7: The inter-donor IAB-DU migration procedure can be used to change the PCI of the IAB-node’s cell to avoid PCI collisions.
Observation 8: A subset of the inter-donor IAB-DU migration procedure can be used to change the PCI of the IAB-node’s cell for PCI collision avoidance without changing the donor.

Proposal 2: Network-controlled PCI change for PCI collision avoidance to reuse procedural steps from inter-donor IAB-DU migration.  

2.3	RACH configuration collisions
In the last meeting, RAN3 discussed RACH configuration collisions and agreed that no enhancements were needed for RACH configuration collision avoidance unless requested by other WGs.
Since RAN3 is the leading WG of the mobile IAB WI, it should inform RAN1 and RAN2 on this decision so that these WGs will investigate the matter of RACH configuration collisions. It is then up to RAN1 and RAN2 to request further action by RAN3, as needed.
Proposal 3: RAN3 as leading WG for the mobile IAB WI to liaise RAN1 and RAN2 on its decision that no enhancements are needed for RACH configuration collision avoidance unless requested by other WGs.

Conclusion
This contribution discussed PCI collision avoidance and RACH configuration collision avoidance for mobile IAB. The following observations and proposals have been made:

Observation 1: The NR PCI range was chosen as a compromise between network planning constraints and UE power consumption used for PCI search. 
Observation 2: The limit of 1008 distinct PCI values presently imposes stringent constraints on the PCI planning for many stationary networks.  
Observation 3: PCI collisions between the mobile IAB-node and the stationary network or between mobile IAB-nodes are very likely to occur.  
Observation 4: PCI partitioning for mobile IAB-node exacerbates the constraints on PCI planning for the stationary network, and it has limited scalability for mobile-IAB deployment.  
Observation 5: Enhancements to PCI collision detection, if needed, are in RAN2 scope.  
Observation 6: PCI reconfiguration of the gNB-DU’s cell leads to RLF for all UEs connected, and therefore, it by itself is not an appropriate mean to for PCI collision avoidance.  
Observation 7: The inter-donor IAB-DU migration procedure can be used to change the PCI of the IAB-node’s cell to avoid PCI collisions.
Observation 8: A subset of the inter-donor IAB-DU migration procedure can be used to change the PCI of the IAB-node’s cell for PCI collision avoidance without changing the donor.

Proposal 1: RAN3 to discuss alternative means to PCI partitioning for PCI collision avoidance such as network-controlled PCI change on the mobile IAB-DU.
Proposal 2: Network-controlled PCI change for PCI collision avoidance to reuse procedural steps from inter-donor IAB-DU migration.  
Proposal 3: RAN3 as leading WG for the mobile IAB WI to liaise RAN1 and RAN2 on its decision that no enhancements are needed for RACH configuration collision avoidance unless requested by other WGs.
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