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1. Introduction
This document first tries to receive confirmation from the group for the fact that no sufficient solution for the PCI collision is provided now in the specifications. Then this contribution further presents heuristic mechanisms for the detection of PCI collision, when it occurs. It relies on the network configuring thresholds at the UE, which will cause it to report multiple CGI values linked to the same PCI, allowing the network to determine whether a PCI collision is likely.
2. Recapping the current status
The issue of PCI collision has been discussed previously in 3GPP RAN1 and RAN2 working groups. In particular, in an earlier LS [3], RAN1 reported on the seriousness of the problem of PCI collision. RAN1 concluded that:

· For an UE, decoding data from the serving cells, when being close to the border of the two cells, as well as performing measurements on the neighbour cell with the colliding PCI, would not be feasible.
· It would be difficult for an UE to detect PCI collision with high reliability, and would require additional UE complexity and functionality.
Since PCI collision is a critical issue, steps should be taken in the PCI selection algorithm to minimize the probability of it happening (e.g. [2]). However, no PCI selection algorithm can guarantee a collision-free deployment – since two cells with an overlapping coverage area and having the same PCI may go undetected until the first UE shows up in the common area.
So the current situation among RAN1, 2 and 3 is that no one provides a sufficient solution targeting a collision-free deployment although possible scenarios of PCI-collision was discussed in RAN3 and the severity of it was indicated by RAN1.

Proposal 1:
RAN2 discuss the current understanding for the PCI collision issue and confirm no sufficient solution for the PCI collision is provided now in the specifications.
Proposal 2:
If not confirmed, it is proposed to send an LS to RAN1 re-assess PCI collision issue with consideration of unplanned network.
3. Discussion

The ANR functionality in SON allows the UE to assist the eNB in discovering radio neighbour cells. Upon discovery, the eNB may establish network interfaces with the neighbour to allow efficient handover with the neighbour. The scheme specified in release-8 involves the following steps.

Step 1: eNB receives a measurement report from UE with a PCI value for which it has no neighbour relation. 

Step 2: eNB requests the UE to provide CGI for this neighbour

Step 3: UE reads the CGI in available “idle period”.
Step 4: UE reports the (PCI, CGI) pair back to the eNB, along with the measured quantity.

In the following subsections, we argue that it is desirable to allow the UE to report CGI values it has observed in the past based on thresholds configured in the network. We also argue that to assist network in the resolution of confusion and collision, the UE should be able to report multiple CGI values in response to a request.

3.1 Reporting Past Observed CGI Values without Collision
Consider the case of an UE moving from cell A to cell B that advertise the same PCI. A situation may occur when the UE decodes CGI_A with PCI_z, and some time later deocdes CGI_B with the same PCI_z. The UE may have passed through a third cell not affected by the collision (hence it does not fall into outage), but it ends up reading both CGIs with the same PCI. If this happens within a configured time threshold, the UE should report this to cell B as a potential PCI collision. 
Proposal 3:
If the UE is aware of multiple CGI values for the same PCI, read within CGI_Memory_Requirement seconds, the UE shall report all such CGI values upon receiving a CGI request message.
This proposal reuses the memory database that UEs already have, in terms of remembering the parameters of cells that were visited in the past. For example, such databases are commonly used to optimize idle state mobility. Thus, this proposal causes negligible extra complexity.

Note 1: Within proposal 1, CGI_Memory_Requirement is either a standardized constant (say 2 seconds), or a L3 configured parameter.

Note 2: There may be a bit that will indicate if the UE is basing the report on past measurements. 

3.2 Reporting multiple CGI values after a Collision
Consider the case when there is collision between cells A and B, i.e. PCI_A=PCI_B. Further, assume that there are no neighbor relations between these two cells to assist in the resolution of this collision. There should be a mechanism to discover that such a collision exists. Such an automated mechanism can reduce network planning efforts.

If a UE travels from cell A to cell B, the connection will fail because the UE will be unable to report the strength of cell B to cell A. After the UE has connected to the network again via cell B, if cell B sends a CGI query message for PCI_B, we should allow the UE to report the CGI_A value that is still has in its memory. This will allow cell B to initiate neighbor relations with cell A, and also to resolve the PCI collision.

The exact triggers to be used for cell B to request the CGI values for PCI_B could be as follows. (a) If the UE performs a reconnection attempt due to radio link failure, and indicates that the source cell A has the same PCI, then cell B will estimate that collision may exist. (b) Cell B may perform periodic collision avoidance by requesting UEs report GCI for PCI_B. 

Proposal 3 (repeated):
If the UE is aware of multiple CGI values for the same PCI, read within CGI_Memory_Requirement seconds, the UE shall report all such CGI values upon receiving a CGI request message.
4. Conclusion

In this document we tried to summarise the current situation among relevant groups with regard to the PCI collision issue. The following proposal was made for confirmation. 
Proposal 1:
RAN2 discuss the current understanding for the PCI collision issue and confirm no sufficient solution for the PCI collision is provided now in the specifications
Proposal 2:
If not confirmed, it is proposed to send an LS to RAN1 re-assess PCI collision issue with consideration of unplanned network.

Further the following proposal is recommended for adoption.
Proposal 3:
If the UE is aware of multiple CGI values for the same PCI, read within CGI_Memory_Requirement seconds, the UE shall report all such CGI values upon receiving a CGI request message.
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