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1
Introduction
In this contribution, we study the effect of two intra-cell open loop power control schemes on the system level performance of an uplink LTE system. As E-UTRA is a reuse one network, the performance of the cell edge users (and the control channel) depends on the out-of-cell interference. To quantify the inter-cell interference and its relationship to power control, we use the Interference rise over Thermal (IoT). 
We will calibrate the network performance in two ways. Firstly, we use a power-control centric method, where we obtain results for various levels of the calibration parameter used in the open loop technique. Secondly, we will use an IOT calibration technique where the open loop calibration parameter is adjusted over the entire network to satisfy an IOT threshold. We show that the performance of the network depends on the type of power control and most importantly, the calibration method used. As such, for any system level study, it is essential that the power control tpe and method of calibration be explicitly defined. 
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Uplink Intra-cell Power control
We will study two open loop power control schemes that fully or partially compensate for the path-loss and shadow fading to each mobile. 
1. Traditional power control [1],[2],[3]: Each UE transmits at a power between the minimum and maximum transmit power to ensure that its signal received at the Node-B is equal to a fixed threshold. This threshold is common to all Node B’s in the network and to all mobiles in each sector. The mobile station power is derived as

Ms_poweri = max( min(Pmax,PLi+Pth), Pmin)
where Pmin is the minimum power transmitted by each mobile, Pmax is the maximum power transmitted by each mobile, and PLi is a mobile specific factor  derived from the path loss, shadowing and the Node-B antenna pattern. Finally, Pth is the fixed threshold defined by the ratio of signal power to thermal noise (note that all the variables are in dB). In this case, the variable parameter is the threshold.
2. Fractional power control [1],[3],[4],[5]: In this case, each UE has its own individual threshold. The mobile station power is derived as  
Ms_poweri = Pmax  x min( 1, max(Rmin, (PLi / PLxile))
where PLxile is the x-percentile of the path-loss factors at the node B, Rmin is the minimum power reduction ratio [5].  Using the formula above, with 0 <  < 1, users at the center have lower thresholds than those at the edges resulting in less interference in the network. The differences are emphasized as  tends towards 0. With  = 1, the method is identical to traditional power control but with a guarantee that x % of the users transmit at full power. In this case, the variable parameters are the exponent  and the percentile factor PLxile.We will set PLxile to -130 dB [3].
We simulate both methods with a sweep of the power control threshold in the case of traditional power control and  in the case of the fractional power control. 
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Uplink Inter-cell Power Control
Both open loop [6] and closed loop [7],[8] methods have been proposed to manage the inter-cell interference. This can be calibrated with the Interference rise over thermal, defined as

IoT  = (I + N)/ N

We will present system results based on a slow open loop,  IoT calibration technique that adapts the open loop power control methods in section 2 till a mean/average IoT level is obtained throughout the network. In a practical system, this can be implemented by slow updates between the Node-Bs in the network.
4
Results
For the simulation assumptions and methodology used, see [9]. We will use the following metrics to quantify the system performance for each power control type. 
· Average user throughput: Average data rate transmitted per UE (SEUE).
· Average spectrum efficiency: Average data rate transmitted per subframe per sector (SEave).
· Coverage : 5% CDF of date rate transmitted per UE (SEcov).
Traditional

	Pth
	SEUE
	SEave
	SEcov
	IOT measured (dB)

	0
	0.0056
	0.0512
	0.0000
	2.3854

	5
	0.0705
	0.8950
	0.0350
	5.2000

	10
	0.0958
	0.9920
	0.0488
	9.0706

	15
	0.1088
	0.9986
	0.0437
	13.1747


Fractional  
	
	SEUE
	SEave
	SEcov
	IOT measured (dB)

	0.5
	0.1277
	1.2683
	0.0133
	16.9292

	0.6
	0.1087
	1.1158
	0.0171
	14.6082

	0.7
	0.1183
	1.1353
	0.0224
	12.3844

	0.8
	0.1137
	1.1437
	0.0387
	10.2575

	0.9
	0.095
	0.9164
	0.0497
	8.5214

	1
	0.0866
	0.7422
	0.0464
	7.0321


Traditional with IOT calibration

	IOT (dB)
	SEUE
	SEave
	SEcov
	IOT measured (dB)

	5
	0.0611
	0.5321
	0.0141
	5.0001

	6
	0.0744
	0.7066
	0.0282
	6.0017

	7
	0.0824
	0.8029
	0.0447
	6.9966

	8
	0.0870
	0.8241
	0.0441
	8.0024

	9
	0.0870
	0.8185
	0.0498
	9.0043

	10
	0.0924
	0.9076
	0.0350
	10.0014


Fractional with IOT calibration

	IOT (dB)
	SEUE
	SEave
	SEcov
	IOT measured (dB)

	5
	0.0801
	0.7984
	0.042
	6.9155

	6
	0.0770
	0.7601
	0.0341
	6.9485

	7
	0.0762
	0.7692
	0.0324
	7.0284


5
Conclusions

In this document we have studied the effect of two slow power control techniques on the system level performance of uplink E-UTRA. It can be seen that for the basic power control schemes, there is a wide variation in performance depending on the calibration level. Improved spectral efficiencies are obtained as the tolerance for IoT increases. also note that, for IoT calibration levels below 7dB, the traditional power control is better. However, for higher IoT calibration levels, fractional power control should be used. 
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