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1 Introduction
In a macro-to-HeNB handover, UE does not know whether it is allowed to access the HeNB. The network could check whether the UE is allowed access to the target HeNB at the time of handover preparation. However, in the presence of a PCID confusion problem, identifying uniquely the target HeNB is difficult. Therefore a mechanism to overcome the PCID confusion issue is needed, so that the network can correctly determine the identity of the target HeNB and whether UE is allowed access to the HeNB. 
2 Discussion

As HeNBs are deployed in a somewhat ‘less planned’ manner than macro cells, it is very difficult for an operator to ensure that a PCID is used exclusively for a particular HeNB within an area. Two HeNBs using the same PCID could easily happen to be located within the coverage area of a macro cell (Figure 1). A UE approaching HeNB2 sends a measurement report with PCID X. However, the network cannot determine whether the UE is reporting HeNB1 or HeNB2. 
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Figure 1: PCID confusion
Therefore there is a need to provide assistance information to the network to help determine the correct target cell. Several types of assistance information and resulting handover procedures are considered below.
2.1 Reading SIB1 and Reporting CSG ID
This option has been considered in detail in [1] and has too many drawbacks. 
2.2 Using fingerprints/location information
Fingerprint or location information can be used to help resolve the PCID confusion. The solution can be UE based or network based.

Location based PCID confusion resolution at UE 
With this approach, based on its fingerprint or location when a HeNB is detected or measured, UE determines the identity of the HeNB. This requires that the UE’s allowed CSG list have fingerprint information. If the UE determines that a HeNB is one that it is allowed to access (based on the fingerprint/location), it sends a measurement report to the serving cell including the CSG ID. 
This approach works only for HeNBs for which UE has location information, which would be only those HeNBs the UE has previously visited (populating location information for HeNBs that the UE has not visited is very difficult). This poses a problem with open/hybrid access HeNBs, since it is not realistic to put all open/hybrid access HeNBs in the UE’s allowed CSG list.

Furthermore, the effectiveness of this approach depends very heavily on the accuracy of the fingerprint/location measurements. Fingerprint/location mechanisms have been generally assumed to be unspecified. 
Location based PCID confusion resolution in network

With this approach, the UE includes its fingerprint/location when it detects a HeNB and sends a measurement report. Based on the fingerprint/location, the network determines the correct target cell. 
This approach requires network to maintain fingerprint/location of each HeNB. This could be a rather large database, managing of which could be difficult. If HeNBs can be moved, this adds the additional problem of updating the location/fingerprint information. As in the previous approach, this also has the issue of location accuracy. Another issue with using (macro cell) fingerprints is that changes in the macro network – such as introduction of a new macro eNB – can impact the fingerprint and consequently cause mismatches with previously stored fingerprints.
2.3 Splitting HeNB PCID range
With this approach, different PCID ranges are reserved for CSG cells and open/hybrid access HeNBs. A UE that detects HeNB sends a measurement report. If the HeNB PCID reported is a CSG PCID, then source eNB checks for PCID confusion within CSG cells. If the HeNB PCID is an open/hybrid access cell the source eNB check for PCID confusion with the open/hybrid access cells. If there is PCID confusion, the network could use one of the above mentioned options: (a) ask UE to read SIB1, (b) ask UE to provide CSG ID (based on location/fingerprint), or (c) ask UE to send location information. 
This approach simply splits the PCID confusion problem into two parts: PCID confusion among CSG cells and PCID confusion among open/hybrid access cells. All of the problems mentioned above with respect to options a, b, and c, will continue to exist. 
2.4 Frame timing based PCID confusion resolution
HeNBs are not synchronized to the macro network or to one another. So the frame timing of the HeNBs can be used to distinguish between HeNBs that use the same PCID. With this approach, when a UE detects a HeNB, it includes in the measurement report the time offset between the transmissions of radio frames by the serving cell and the HeNB. The serving cell tries to prepare all HeNBs with the reported PCID by sending a handover preparation request which includes the reported time offset. Only the HeNB that is transmitting frames with the reported time offset with respect to the serving cell accepts the handover request.
Given that frame transmission timing of HeNBs is essentially random, it is highly unlikely that two HeNBs using the same PCID use the same frame transmission timing. It is essential to define “same frame transmission timing” to account for multi-path; that is a threshold is defined such that if a UE receives two paths corresponding to the same PCID and the timing difference between the two paths is smaller than the threshold, then the UE regards the two paths as originating from the same HeNB. This can be done by choosing a threshold that is larger than the cyclic prefix. 
This procedure assumes that HeNBs have a DL receiver so that HeNBs can determine their radio frame timing offset with respect to the macro cell. If that is not a valid assumption, other options to provide this offset to the HeNB need to be considered. Also, in some cases, further consideration needs to be given to the reference cell with respect to which the HeNB’s timing is measured. For example, a HeNB on a dedicated carrier could maintain its radio frame timing offset with respect to one or more macro cells on another carrier.
3 Conclusion
Several methods of resolving PCID confusion have been considered and their respective pros and cons have been analyzed. RAN2 is requested to discuss the different approaches and converge to a solution that is simple and meets the needs.
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