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1
Introduction
In this document, we study the effect of slow or outer-loop power control on the average sector throughput, the cell edge throughput and the energy consumption for uplink E-UTRA based on the baseline configuration parameters set in [1]. Slow power control is used in interference limited systems to reduce the effect of interference at the base station. We will compare the system performance of the network assuming no power control, traditional slow power control based on a common target CINR and fractional power control in which different targets are set for users based on their geometry. The performance will be studied in the following E-UTRA scenario in Section 3, Table 4.
2
Power Control Methods

We will study the following methods:
1. No power control: Each UE transmits at maximum power.
2. Traditional power control: Each UE’s 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). 

3. Fractional Slow power control: Each UE’s transmits at a power between the minimum and maximum allowable transmit power to ensure that the signal received at the Node-B is equal to a threshold that depends on its path loss factor (PL).  Thus each UE has its own individual threshold derived from a common maximum threshold. See [6] for an example. The mobile station power is derived as  
Ms_poweri = max( min(Pmax,PLi+Pth_user), Pmin)

Pth_usr = min {1, (PL/ PLxile)^ }) P_TH

where Pth_user is the threshold power set for each user, PLxile is the x-percentile of the path-loss factors at the node B, and P_TH is the maximum threshold factor allowed. Using the formula above, and 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 method 2 but with a guarantee that x % of the users transmit at full power. We will set and xile = 5%.
2
Results

We will use the following metrics to quantify the system performance for each power control type. 
· Average throughput per sector: Average throughput transmitted per subframe by all UEs in the sector.
· Average cell edge throughput: 5% CDF of throughput transmitted by the UEs. A coverage metric.
· Average energy expended per mobile: Average power transmitted per UE multiplied by the subframe period. It can be used as an indicator of the battery life of the average UE in the network. 

Figures 1, 2, and 3 show the effect of Pth on the average sector throughput, the average cell edge throughput and the average energy expended by all mobiles in the network per subframe respectively. The following trends can be seen:
· As the threshold increases, the average throughput per mobile drops then increases (Figure 1) while the average cell edge throughput increases then decreases (Figure 2).  We can identify two regions. In  Region 1 (-6 dB <= Pth <= 33dB), increasing Pth results in increasing cell edge performance but reduced cell average performance for both power control methods. However, in Region 2 (33 dB <= Pth <= 66 dB), increasing Pth results in decreasing cell edge performance but increasing cell average performance. The peak cell edge performance occurs when the cell edge UEs are transmitting at full power while the cell centre UEs are not. At this point, the increased interference from the edge users impacts the cell average throughput negatively. 

· For judiciously chosen values of Pth, both power control methods show significant improvements in the cell edge performance over the non-power control method (Figure 2). Unfortunately, this results in a drop in the average sector throughput (Figure 1). As such, the choice of the threshold value is important. For all values of Pth, both power control methods show significant energy savings (Figure 3).

· Given a desired cell edge UE performance greater than 0.01 bps/Hz (see [2, Table 10.1.1.3.2-4]), our choice of threshold lies between 10 dB <= Pth <=40 dB. We will disregard Pth values greater than 33 dB as we can get the same performance at these threshold levels with reduced energy expenditure. Taking the energy savings (Figure 4) and average sector throughput (Figure 1) into account, fractional power control offers the best energy savings and average sector throughput of the three methods. We highlight this behaviour in Tables 1, 2 and 3. For example at a threshold of 21 dB, fractional power control offers a 10.40% improvement in average sector throughput and a 50% savings in average energy over traditional power control while satisfying the cell edge performance criterion (see highlighted text in Tables 1 and 3) . Note that the improvement comes at a cost to the cell edge throughput. However, the increase in average sector performance of fractional power control over traditional power control outweighs the reduction in cell edge throughput as the threshold increases. 
Table 1: Average sector throughput and percentage difference (from traditional power control)

	 
	Pth = 15dB
	% from Tr PC
	Pth = 21dB
	% from Tr PC
	Pth = 27dB
	% from Tr PC

	No PC
	0.6542
	17.18%
	0.6542
	41.69%
	0.6542
	67.87%

	Tr. PC
	0.5583
	0.00%
	0.4617
	0.00%
	0.3897
	0.00%

	Fr. PC
	0.5923
	6.09%
	0.5097
	10.40%
	0.4747
	21.81%


Table 2: Average cell edge throughput and percentage difference (from traditional power control)

	 
	Pth = 15dB
	% from Tr PC
	Pth = 21dB
	% from Tr PC
	Pth = 27dB
	% from Tr PC

	No PC
	0.0054
	-54.24%
	0.0054
	-66.25%
	0.0054
	-65.61%

	Tr. PC
	0.0118
	0.00%
	0.0160
	0.00%
	0.0157
	0.00%

	Fr. PC
	0.0100
	-15.25%
	0.0149
	-6.88%
	0.0129
	-17.83%


Table 3: Average energy per subframe and percentage difference (from traditional power control)

	 
	Pth = 15dB
	% from Tr PC
	Pth = 21dB
	% from Tr PC
	Pth = 27dB
	% from Tr PC

	No PC
	62.9
	6818.93%
	62.9
	1313.07%
	62.9
	532.80%

	Tr. PC
	0.9091
	0.00%
	4.4513
	0.00%
	9.94
	0.00%

	Fr. PC
	0.6447
	-29.08%
	2.2536
	-49.37%
	4.97
	-50.00%
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Figure 3
3
Simulation Parameters and Setup
Table 4: Simulation Scenario 

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3


Table 5:  Simulation Assumptions

	Parameter
	Assumption

	SC-FDMA Receiver
	SC-FDMA with 2 Rx antenna Diversity

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

	Inter-site distance (ISD)
	500m

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

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Channel model
	Typical Urban (TU)

	Antenna pattern (horizontal)

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


	BS Antenna Gain plus cable loss
	14 dBi

	Carrier Frequency
	2.0GHz 

	Bandwidth
	10 MHz

	RB bandwidth
	375 kHz

	UE’s per Sector
	10

	UE speeds of interest
	3 km/h 

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR backoff
	21 dBm [2]

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	AMC
	ON [See Table 2]

	Coding
	Release 6 Turbo Coding

	HARQ
	ON (synchronous)

	Channel-dependent scheduling
	Proportional Fair

	CQI processing delay (AMC, Scheduling and HARQ)
	Processing delay of 3 subframe

	Overhead Channels
	 2 symbol per subframe (29%)

	Data Channels
	6 symbols per subframe

	Resource Block Carrier Allocation
	Localized

	Channel Estimation Error
	On


4.1 Adaptive Modulation and Coding 

We use the Release 6 turbo coding specification as set in [1]. The AMC set used in the simulation is shown in Table 5. It models a 1 Tx by 2 Rx antenna system with MRC. The block error rate performance of the set assuming an information bit length that occupies a resource block made up of 5 time slots and 25 subcarriers each (125 modulation symbols) is shown in Figure 3 (Two time slots out of the 7 time slot available are used for control, feedback and reference symbol information). The corresponding spectral efficiency assuming no transmission for Block Error Rates greater than 10 % is shown in Figure 4. At every CINR, the modulation and code rate that gives the largest spectral efficiency is chosen. 
Table 2: AMC set

	Modulation
	4-QAM
	4-QAM
	4-QAM
	4-QAM
	16-QAM
	16-QAM
	16-QAM
	16-QAM

	Code Rate
	1/3
	1/2
	3/4
	5/6
	1/3
	1/2
	3/4
	5/6


4.2 Effective SIR Mapping for Carriers
It is necessary to map the Signal to Interference Ratio (SIR) of the subcarriers derived from the instantaneous fading channel to an effective SIR that will be used to predict the BLER performance for the different MCS from basic AWGN link-level performance curves [3] [4]. As opposed to the Exponential Effective SNR method used for OFDM, we will utilize the mapping function for SINReff in SC-FDMA with a FDE derived in [5]. This is given by 
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where SINRk is the SINR of the kth subcarrier in the subchannel and M is the number of subcarriers in the subchannel. SINReff is then mapped to the corresponding AWGN curve to obtain the corresponding PER. We will assume that we have one SC-FDMA symbol per RB. 

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 and compared both methods to a system without power control. Fractional power control with tuned parameters shows improved performance over traditional power control with an increased average sector throughput and reduced average energy expenditure. This is at a cost to the average cell edge throughput. However, the drop in cell edge throughput is outweighed by the increase in sector throughput as the value of the power control threshold increases. 
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