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1. Introduction

In this contribution, performance of uplink (UL) power control scheme in E-UTRA is presented. As shown in [1], signaling between Node-Bs over the backhaul is proposed for inter-cell power control. Simulation results are given to show the performance versus backhaul delay. 
2. Simulation Results

Detailed simulation parameters are listed in Annex A. In the simulation results for power control adaptation, Rmin in the fractional power control scheme [1] is set to 0.00001 which is 50 dB below the maximum transmit power, PLx is set to be -130 dB, and α is updated slowly. The interval of measuring IoT, the backhaul delay and the interval of updating power control parameters are set to be the same in the simulation. The longer the backhaul delay, the longer the measuring window for IoT and the slower the update rate for power control parameters. Results are given for various backhaul delay values in Table 1 and Table 2 for Case-1 and Case-3 respectively.
Table 1 System Simulation Results with Power Control Adaptation for Case-1
	Backhaul
Delay
	Sector Throughput
	5%-ile User Throughput
	Mean IoT (linear)
	Std. Deviation (linear)

	20 ms
	6911
	155
	4.04
	1.13

	50 ms
	6972
	150
	4.27
	1.19

	100 ms
	7174
	149
	4.39
	1.31

	200 ms
	7326
	154
	4.63
	1.54

	500 ms
	7400
	146
	4.78
	1.78

	1000 ms
	7469
	144
	4.92
	1.86


Table 2 System Simulation Results with Power Control Adaptation for Case-3
	Backhaul
Delay
	Sector Throughput
	5%-ile User Throughput
	Mean IoT (linear)
	Std. Deviation (linear)

	20 ms
	6609
	16.4
	2.08
	0.46

	50 ms
	6836
	15.3
	2.03
	0.44

	100 ms
	6794
	15.3
	2.03
	0.44

	200 ms
	6733
	15.5
	2.03
	0.42

	500 ms
	6479
	16.0
	2.04
	0.39

	1000 ms
	6166
	16.2
	2.04
	0.36


As shown in Table 1 and Table 2, the increase of the backhaul delay only slightly degrades the uplink power control performance. The exact value of the backhaul delay is discussed in [2] and is shown to be less than 20 ms.
3. Conclusions

Based on the results presented above the following conclusions are drawn:
· The inter-cell power control scheme is very robust to the backhaul delay. The degradation due to the increase of the backhaul delay is small.
· The backhaul delay of the E-UTRA system is small enough that its influence on the performance of the inter-cell power control is ignorable.
· The network based approach should be used for inter-cell power control for E-UTRA.
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ANNEX A – System Simulation Assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10, 20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	UE TX power
	24 dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/4<MCS<4) with 32 levels

	HARQ
	Synchronous IR with N=6 stop-and-wait HARQ protocol

	Modulation
	QPSK and 16-QAM

	DFT-SOFDM symbols (Data symbols) per subframe
	2 SBs and 6 LBs (6 LBs)

	Scheduler
	PF w/o frequency selective scheduling

	Link Mapping
	EESM

	HSUPA UE Transmitter / BS Receiver
	1x2 (1 antenna  / 2 antennas – Type I )

	E-UTRA UE Transmitter / BS Receiver
	1x2  (1 antennas / 2 antennas – rx diversity)
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