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1 Introduction
It is becoming clear that a gap based mechanism to read HeNB system information will have to be the base line procedure for handover evaluation for HeNB inbound mobility. However, such a procedure has the following drawbacks:
· Gaps can cause significant impact to voice quality in dense HeNB deployments [2] where voice quality is already low due to interference from one or more HeNBs.

· The gap scheduling at the eNB can be very complex. The eNB has to take into account interference conditions and tightly co-ordinate the gaps (start the gap at the right time and end it quickly) to minimize impact to voice call. Release 8 eNBs are generally not expected to manage gaps on time scales of ~80 ms.

· If an eNB gets many requests to schedule gaps, scheduling issues can impact UEs that are not interested in HeNBs.
Therefore it is necessary to minimize the use of gap based handover evaluation. This contribution considers the principle of using physical layer measurements as a first step to resolve PCI confusion and perform preliminary access check. In the cases where the physical layer measurements allow the PCID disambiguation the gap scheduling becomes unnecessary. We think gaps should be a “last resort” for handover evaluation.
2 Discussion
To send a handover required command, source eNB has to know the target cell’s cell global ID. The goal of using physical layer measurements for PCID confusion resolution should be to reduce the number of CGI’s to consider at the source eNB to preferably one or a small number of CGIs; that is, “CGI filtering”. Furthermore, measurements that are easily available at the UE or eNB are preferred, so as to not introduce additional procedures and requirements.
If the number of CGIs to consider after filtering using the physical layer measurements is more than one then the source eNB can take one of the following actions:

· Send handover required to the corresponding cells (possibly in parallel). 
· Require the UE to read the CGI of the target cell and report it. This would eliminate the PCID confusion.

The CGI filtering can be performed at the UE or at the source eNB. This gives the following four architectures.
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Figure 1 : CGI filtering at UE with gaps for CGI reading if needed
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Figure 2 : CGI filtering at eNB with gaps for CGI reading if needed
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Figure 3 : CGI filtering at UE with multi-cell preparation if needed
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Figure 4 : CGI filtering at eNB with multi-cell preparation if neded
The following observations can be made regarding the above four architectures:
· The architectures of Figure 1 and Figure 3 require the UE to maintain a database of measurements for visited HeNBs. So, these will clearly not work for HeNBs that the UE has not previously visited.
· The architectures of Figure 2 and Figure 4 require the eNB to maintain a database of measurements for HeNBs. This can perhaps be realized through SON mechanisms and by having HeNBs perform their own reporting.
· The architectures of Figure 3 and Figure 4 require the eNB to perform handover signalling to more than one HeNB. The internode signalling for handover is fairly quick; so the delay from attempting multiple HeNBs should be less than or comparable to system information reading times. However, the additional load on the backhaul should be minimized by ensuring that only a small number of targets are considered.
2.1 Measurements to consider

Several measurements can be considered for the purpose of CGI filtering.

RSRP/Pathloss measurements: The RSRP of the macro cell reported by a UE when the report includes a HeNB can be used as a rough estimate of the distance of the HeNB from the macro cell. This could be used to resolve confusion between HeNBs with the same PCID; however, the accuracy is likely to be inadequate. If HeNBs can report their pathloss to the macro cell (using DL receive capability), the pathloss can be used in addition to the RSRP provided by the UE to identify the right HeNB.
The RSRP measurements are already available in Release 8, so this measurement can be used to resolve PCID confusion for Release 8 UEs also. Using this measurement does require the eNB to maintain a database of RSRP and pathloss measurements of UEs and HeNBs. This could be populated using SON. 
Frame Timing measurements: Frame timing difference between the macro cell and HeNBs can be used to distinguish between HeNBs with the same PCID. If HeNBs are not synchronized to macro cells (as is likely in FDD), the frame timing difference is essentially random. If HeNBs are synchronized to macro cells using receivers (as is likely in TDD), the timing difference depends on the propagation delay from the macro cell to the HeNB. So the timing difference resolution needed for synchronous deployments is likely to be smaller than for asynchronous deployments. Note however that the UE is required to maintain timing resolution of 4*Ts or better for timing advance.
The frame timing measurements are readily available from the SCH timing and additional measurements are not required. For previously visited HeNBs, the UE should be able to store such measurements and use them for CGI filtering. However, for HeNBs that the UE has not previously visited, the eNB would need to maintain a database of the timing measurements.
Timing advance measurements: The timing advance of a UE when the UE reports a HeNB can be used as a rough estimate of the distance of the HeNB from the macro cell. This could be used to resolve confusion between HeNBs with the same PCID depending on the resolution of the timing advance measurements. The eNB only maintains timing advance to an accuracy of 16*Ts (0.5 microseconds or 150 meters) which is likely to be inadequate. The UE maintains timing advance to an accuracy of 4*Ts. So, the UE could report its timing advance which can then be used for CGI filtering.
The timing advance is readily available at the UE. Using this measurement requires eNB to maintain a database of timing advance measurements corresponding to HeNBs, which can be populated using SON.
3 Conclusion
We discussed the various architectures that use measurement information to minimize the need for gaps for reading CGI and considered the different measurements that can be used. Given that no single measurement  type serves all cases, it may be useful to define a framework to report/store several measurement types, so the network has some flexibility in which one(s) to use.
We have not explicitly considered location measurements. Location information could provide some benefit towards minimizing the need for gaps, but there are some issues to consider. A high degree of location accuracy is needed to be able to perform CGI filtering. This requires GPS or some equivalent method, which would be a significant battery drain. GPS performance indoors would limit the accuracy. Furthermore the GPS receiver would need to be operational continuously to avoid delay for obtaining a location fix (when trying to handover). In addition to all these issues, location information can only be used with previously visited HeNBs, unless eNBs maintain a database of accurate HeNB locations. Therefore in our view, location information has limited value for inbound handover to HeNBs.
We request RAN2 to discuss the above details and agree on the following proposal:
Proposal: RAN2 should define a framework for collecting and maintaining measurement information to minimize the need for measurement gaps for handover evaluation.
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