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1 Introduction
The concept of Global Cell Identity (GCI) is discussed in [1]. This identity is used to uniquely identify a cell. The physical layer cell identities (PLCI) are limited to 510 values and are therefore often re-used in a network. In [2] a method for the eNodeB to detecting conflicting PLCI is suggested. 

This paper presents a few scenarios that motivates a modified detection scheme, one UE-centric and one network centric

2 Discussion
The PLCI are detected by the UE during cell search and is also used to identify a cell during communication over the Uu interface, for example during measurement control and measurement reports.

As proposed in [1], it would be possible to let each eNodeB transmit both GCI and PLCI and let the UE report GCI only when requested from the eNodeB. The eNodeB could therefore choose only to request the GCI, when a previously unknown PLCI is detected.

Due to the re-use of PLCI, there is a risk of conflicting PLCI, which would cause problems. One way to solve this is to carefully plan the usage of PLCI. This may however not always be possible. In some cases, it would be advantageous if the planning requirements can be relaxed, for example in home eNodeB scenarios. 

In these scenarios, it would be beneficial to have functionality that can detect possible conflicts. One such a solution is suggested in [2]. In this tdoc, each eNodeB could for example periodically request the UE to report GCI even if the PLCI has been detected before and a mapping to a GCI therefore exist. The reason for this is to be able to verify that no conflict occurs. This solution would enable each eNodeB UE to verify that no PLCI conflict occurs between the immediate neighbours of this cell.
A conflict situation is not likely to happen so often. This may typically occur when an eNodeB is added or reconfigured in the network. On the other hand, the suggested solution would require the eNodeB to request the GCI relatively frequently, in order to quickly detect a conflict. 

In a multi-frequency scenario, where the cells on different frequencies have different size, this problem is even more severe. Using the suggested solution in this scenario would require the eNodeB to detect conflicting PLCI also in other frequencies. This would increase the signalling of GCI in order to detect possible conflicts. This is illustrated in Figure 1, where the cells of frequency 1 are larger than the cells in frequency 2. In this example, the black cells are using the same PLCI. Although there are no conflicts in frequency 2, UEs coming from frequency 1 will be spread over a larger area, thereby resulting in them reporting conflicting PLCI.

[image: image1]
Figure 1. Example: Two frequencies with different cell size. The black cells are using the same PLCI.
Another, similar scenario is a femto cell scenario with closed user groups. In this scenario, the mobility requirements do not require the UE in a CSG cell to measure and report detected neighbour cells if the UE not part of the CSG of the neighbour cell. So, if this should be solved by the eNodeB in the femto layer, it requires that the UE sends measurement report of detected cells even if they are not suitable from a CSG perspective. The alternative, to detect conflicts from the other frequency would require each macro to keep requesting GCI for all femto cells in the coverage area. 
3 Solution
3.1 Reducing the signalling of GCI

The UE moving between cells will detect both the PLCI and GCI from multiple cells. Therefore, it would also be possible for the UE to detect two different cells using the same PLCI and while the UE is served by the same cell. This could be an alternative to the previously suggested solution. The UE-based solution would accomplish the same thing but only require signalling when a conflict is detected.

Proposal 1: 
Let the UE detect and report conflicting PLCI
If two neighbouring cells are using the same PLCI the UE would detect that during cell search as the same PLCI with different time offset. The UE could then assume that this is due to multi path propagation, which means that he will not detect any conflicts. The other option is that the UE assumes it is a potential PLCI conflict, and decodes GCI to evaluate if this is in fact the case. This would cause additional UE processing. 

We suggest that the behaviour of the UE is specified. One solution is that the UE should assume that it is in fact two cells if this relative time difference is larger than a threshold. This threshold could be pre-defined or based on which guard time is used in the cell. 

Proposal 2: 
Define that the UE shall evaluate potential PLCI conflicts during cell search if the time difference between detected PLCI is larger than a threshold.
3.2 Detecting collisions beyond the immediate neighbours

It would be possible to extend the area where the UE interprets two cells having the same PLCI as being a conflict. The UE can store a list of detected PLCI and GCI. The network could define a minimum allowed distance between the same PLCI, for example by specifying that two cells with the same PLCI is a conflict if the UE has changed serving cell less than a certain number of times. This threshold could be sent from the network to the UE.

Proposal 3: 
Let the network send a threshold to the UE to control when the UE reports a conflicting PLCI
Another way of solving the same problem is to use a centralised SON functionality that collects the PLCI and GCI mapping from all cells. This centralised functionality could analyse the whole network and detect conflicting PLCI. This would however request some mechanism to exchange the GCI/PLCI list from the eNodeB to the central SON function.
Proposal 4: 
Let SON request the GCI/PLCI list from all eNodeBs.
4 Summary
This paper suggests the following to detect conflicting PLCI:
Proposal 1: 
Let the UE detect and report conflicting PLCI
Proposal 2: 
Define that the UE shall evaluate potential PLCI conflicts during cell search if the time difference between detected PLCI is larger than a threshold.

Proposal 3: 
Let the network send a threshold to the UE to control when the UE reports a conflicting PLCI

Proposal 4: 
Let SON request the GCI/PLCI list from all eNodeBs.
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