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1 Introduction
One of the issues that has been considered in the HeNB inbound mobility discussion is that of using fingerprint information to distinguish between two HeNBs in the coverage of a macro cell that have the same PCID. This contribution considers the details of such a procedure and the requirements it places.
2 Discussion
While the notion of using location information to assist in resolution of PCI confusion has been discussed, it is not really clear what location methods are being considered. Location could refer to (a) GPS location, (b) macro “cell ID”, or (c) a “fingerprint” or a snapshot of cells visible to the UE.

GPS location is generally more accurate than the other methods. However: 

1. GPS accuracy is poor in indoor environments. 

2. GPS based positioning can be very demanding on the UE’s battery.

3. Obtaining a GPS fix can take a significant amount of time; for handover evaluation the UE may have to continuously track its GPS location for the location information to be readily available.
Therefore relying on GPS based positioning alone to narrow the search region for HeNBs may not be practical.
Macro “cell ID” and fingerprint methods are generally less accurate compared to GPS. The accuracy further depends on the cell sizes. In urban environments, fingerprints are likely to be less reliable due to obstructions from buildings etc. Of course the GPS based method can be combined with the other methods, but given that HeNB footprints are likely to be in the 20-30m range, that is likely to be inadequate.
We consider two deployment scenarios. The first is a suburban area where the average home size is 0.2 acres (809 sq m). Assume that 50 PCIDs are set aside for CSG cells. If one in every 5 homes has a CSG then the accuracy needed for the positioning method is about 253 meters (that is in a circle that is larger than 253 meters, there will be PCI confusion). Note however that this is a “guarantee of PCI confusion”; that is PCI confusion can occur within the 253 meter radius also. As more homes install CSGs, the accuracy requirement gets smaller: if every other home has a CSG then the accuracy needed is 160 meters and if every home has a CSG, then the accuracy required is 113 meters. This can be achieved with GPS, but probably not with cell ID and fingerprint techniques.
The other deployment scenario is an urban area with multi-storeyed buildings. Each building is 20m x 20m and has 4 CSGs. Again assume that 50 PCIDs are set aside for CSG cells. The accuracy needed for the positioning method is about 40 meters. Such accuracy is difficult to consistently achieve even with GPS.
Furthermore, note that we have assumed that operator gives up 50 PCIDs for CSG cells in both scenarios, which is the maximum allowed. This may not be desirable and may cause PCID planning problems in the macro network.
To summarize:

· The effectiveness of using location information for PCID confusion resolution depends very much on the deployment scenario, number PCIDs reserved for CSGs, and the positioning method used.
· Reliance on GPS can have significant battery impacts. Furthermore, GPS accuracy may be inadequate in indoor environments and dense urban environments, and searches for HeNBs in the wrong locations.
3 Conclusion
This contribution discussed potential issues with using location information for PCI confusion resolution and handover evaluation. In general accuracy of location methods and the associated battery impact to the UE have been discussed. We suggest that RAN2 take this into account in the discussion on HeNB inbound mobility.
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