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1 Introduction
During initialisation, the transmit power of a HeNB will be determined and will typically be based upon “sniffer” measurements made of eNB and HeNB base stations in the vicinity of the HeNB base station of interest. The downlink power is then set as a compromise between achieving the desired HeNB coverage and minimising interference to nearby "victim" UEs which are not served by this HeNB and which are instead receiving downlinks from neighbouring (H)eNBs.

While this provides an initial estimate of the appropriate HeNB DL power, the propagation conditions between a neighbouring (H)eNB and their associated UEs may differ significantly from the propagation conditions between a neighbouring (H)eNB and the HeNB base station as measured during “sniffing”. Furthermore the propagation conditions between the HeNB BS and nearby non-served UEs will not be known. These differences may result in uncertainty when estimating the impact of interference from the HeNB downlink to non-served UEs. Specifically any estimate of SNIR will be subject to error which in practice will mean that the HeNB downlink power will need to be set conservatively which could adversely impact the coverage and throughput of the HeNB.

Two existing solutions to the problem are:

1) Have the served home UEs make measurements of the neighbouring (H)eNBs and report this to the HeNB of interest. This can help build up a better picture of the likely pathloss between neighbouring (H)eNBs and victim non-served UEs, however since the physical location of the served UEs is likely to be different to that of the non-served victim UEs, this is still prone to error.

2) Have non-served victim macro UEs measure the interfering HeNB cell, and report the measurements back through the macro system network, which would then forward this information to the HeNB via the network. The drawbacks of this approach are a) this requires significant changes to the macro eNB network functionality and b) there is potentially ambiguity when identifying a HeNB.
Alternative proposals are discussed in this paper.
2 Proposed Improvements
In this paper it is proposed that UEs inform the HeNB of measured quantities or measurement events upon handing-in or reselecting a HeNB, as follows:
1. Upon hand-in or reselection to a target HeNB by non-CSG UEs, which applies to “Open” or “Hybrid” systems, the UE stores the signal power (RSRP) and signal quality (RSRQ) of the source cell (=neighbouring eNB or HeNB) and the target HeNB, or measurement events that were recently sent to the source cell, in an “event history” which the UE maintains. For the case of hand-in, the UE transfers this history to the target cell. In the case of reselection then the UE transfers this history to the target cell when the UE next becomes active within the new cell. 

2. In the case that the UEs report measurement event history, the HeNB may read (“sniff”) the handover/reselection parameters from the system information sent on the Broadcast Channel (BCH) of the source cell. In this way it can use the history of reported measurement events to determine the relative signal levels or relative signal qualities between the source cell and target HeNB cell. 

3. The HeNB may request the UE to perform measurements on the source and/or target HeNB immediately after a hand-in, or as soon as it is aware of the new UE in case of re-selection. This option does not require UEs to store histories of measurements or measurement events.
4. From the above steps, the HeNB determines (for example) if the performance is poor prior to the hand-in or re-selection a) due to poor signal level from the source cell or b) due to high interference from the HeNB.

5. If a) applies, and if the HeNB has hybrid/open access, then the HeNB remains its configuration (i.e. maintains power, and for hybrid access maintains priorities for non CSG UEs). If the signal is particularly poor on the source cell, the HeNB could make itself “more open” (e.g. increase power and/or access priorities for non CSG UEs) to improve the overall network coverage. If b) applies, the HeNB may reduce its power. 

6. If the HeNB is closed, then from time to time it could temporarily be made open or hybrid, during which time the above steps 1-4 are performed and the transmit power determined accordingly. This could be performed when there are no active home UEs present (to limit impact to the HeNB air interface and backhaul resources).
3 Conclusions

For open or hybrid access HeNBs, measurements made of source and target cell upon handover or reselection/registration could be used to determine whether the performance is poor prior to the hand-in/re-selection due to poor signal level from the source cell, or due to high interference from the HeNB. The HeNB can use this information to tune its output power and access priorities accordingly to improve the overall network coverage. Closed access HeNBs can be made temporarily open or hybrid, preferably when there is no CSG traffic on the HeNB, and a similar procedure performed. 
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