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1. Introduction
In the previous RAN4 meetings, different proposals have been discussed regarding interference management techniques for Home eNodeB (HeNB). Among other interference management techniques, the power control techniques for both DL and UL were proposed and approved in [1]. 

In this contribution, we propose a new technique that can dynamically adapt the maximum output power of the HeNB based on GPS detection performance.  This technique can also be used in combined with another power control scheme that measures the signal level of Macro eNB. 
2. Discussion
In [1], power control techniques for HeNB have been discussed and approved for both DL and UL cases in order to manage the inference generated by HeNB to Macro UE.  In the last RAN4 Ad-hoc #1 meeting, it is shown in [2] that the location of HeNB is of great importance in determining the suitable output power level. For example, it is depicted in [2] that when the HeNB is located at the center of the house, it is preferred for the HeNB to increase transmit power even though the signal level from Macro eNB is weak. 
GPS is currently in operation for more than a decade. The GPS comprises of a constellation of 24 to 32 medium earth orbit satellites revolving around the earth. They transmit pilot signals and other broadcast information, which are received and processed by the GPS receivers for determining geographical position. Signals from certain number of satellites (e.g. 5 or more) should be received in order for the GPS receiver to accurately locate the geographical position of the user. Of course more number of visible satellites would further enhance the accuracy.  

The Assisted GPS (A-GPS) is considered to be one of the most viable and commonly used positioning methods. It is tailored to work with a user terminal (UE) and thus enables UE subscribers to relatively accurately determine their location, time, and even velocity (including direction) in open area environment provided sufficient number of satellites are visible.  A HeNB can incorporate a GPS or A-GPS receiver similar to the one used in the UE for location services. 
2.1 Maximum Output Power Adjustment based on GPS Detection Performance
In our proposed method, the GPS receiver in HeNB is used to set the maximum output power of the HeNB.  Two type of information can be exploited from the GPS receiver, namely the number of detected satellites (
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) of the detected satellites. In a normal environment, at least 4-5 satellites should be visible with sufficient quality to obtain good accuracy of the geographical location. Furthermore, the reception quality can be an aggregate value of all the detected satellites e.g. weighted average of all detected satellites or certain number of strongest satellites. In this contribution, we refer 
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 as GPS detection performance. 
Depending upon the GPS detection performance, the maximum output power of HeNB is set according to some specific mapping functions as follows, which maps the GPS detection performance to the maximum output power of the HeNB (Pmax_HeNB) using either 
[image: image5.wmf]s

N

, 
[image: image6.wmf]R

Q
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where 
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 are the weighting factors. Any suitable mapping function such as weighted sum or average can be used. The above mapping functions are used to create lookup tables with multiple maximum output power levels for HeNB. 

A poor GPS detection performance corresponds to a scenario where HeNB is isolated and shielded from outside Macro eNB. For instance, the HeNB is located in a basement and in this case it will generate less interference to the outside Macro UE. Therefore higher maximum output power can be used in order to extend the HeNB coverage within the building. On the other hand, a good GPS detection performance indicates that the location of the HeNB may cause significant interference to the outside unless lower maximum output power is used at HeNB. 
2.2 GPS Detection Performance Combined with Macro eNB Measurements 
The above proposed approach can also be combined with Macro eNB measurements in order to further adjust the maximum output power. In this case, the HeNB also measures the surrounding radio environment and detect the signal level of Macro eNB. This information together with GPS detection performance, are used to adjust the maximum output power of HeNB.

For example, when a good GPS detection performance is received together with a low Macro eNB signal level, this most likely corresponds to a HeNB located at the cell edge of Macro eNB and therefore lower maximum output power should be used comparing to the case where both high Macro eNB signal level and good GPS detection performance are received.   
3. Summary
In this contribution, we propose a new adaptive power control scheme that can dynamically control the maximum output power of HeNB based on GPS. When the detected GPS signal is weak, it is likely that the HeNB is located in an isolated area within the building, and is shielded from the outside Macro eNB.  Therefore, higher maximum output power can be used to increase the HeNB coverage while at the mean time, not generate too much interference to the macro UE. On the other hand, when good GPS detection performance is received, lower maximum output power should be used in order to protect the macro UE. 
The GPS based maximum output power adjustment can also be combined with another power control scheme that measures the surrounding radio environment conditions by HeNB and adjusts the maximum output power accordingly.
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