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1. Introduction

This paper presents user plane performance evaluations of the uplink power control mechanism proposed in ‎[1]. Specifically, the benefit of fractional pathgain compensation is investigated. It is seen that this feature allows for a flexible capacity and fairness tradeoff. Cell-edge data rates and capacity can be improved over full compensation solutions.

The evaluated mechanisms are presented in Section ‎2, followed by models and assumptions in Section ‎3. Section ‎4 contains numerical results, and a summary is given in Section ‎5. 

2. Simulated Power Control Algorithms
A set of simple power control principles are studied:

1) Fixed transmission power, the UE power is set to P = Pmax, where Pmax is the maximum UE power.

2) Open loop with a fixed received SNR target, P = min(Pmax, SNRtarget x Pnoise / g), where Pnoise is the noise power level, SNRtarget is a targeted received power level relative to the noise floor, and g is an estimate of the path gain to the base station (based on wideband downlink estimates). Note that the desired SNRtarget with this algorithm must include a margin for expected interference. This corresponds a pure open-loop use of the algorithm proposed in ‎[1] with full path gain compensation.
3) Open loop with fractional path loss compensation: P = min(Pmax, Pmax · (SNRtarget x Pnoise / g)/Pmax)α, where α is the path loss compensation factor. Compensation factors α between 0.05 and 1 have been simulated. The special case α=1 means full compensation resulting in the same algorithm as 2. Also this corresponds a pure open-loop use of the algorithm proposed in [1], but with partial path gain compensation.
3. Models and Assumptions

A summary of models and assumptions is provided in Table 1. The models are aligned with the assumptions in [2] and ‎[3]
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‎[2]  for simulation case 1 (500m ISD, 20dB penetration loss). A simple static simulation-based evaluation methodology is used. In each iteration of the simulation, terminals are randomly positioned in the system area, and the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading models. To study different system load levels, terminals are randomly selected to be transmitting with an activity factor f ranging from 20 to 100%. In active cells transmitting users are selected independently of channel quality. The total number of active users for activity factor f is denoted U(f). Based on the channel realizations and the active interferers, a signal-to-interference and noise ratio (SINR) is calculated for each link and receive antenna. For reference, also a wideband SINR, excluding the multipath fading is calculated. Using the mutual information model of ‎[4], the SINR values are then mapped to active radio link bitrates Ru, for each active user u. Note that Ru is the bitrate that user u gets when scheduled. Active base stations and users differ between iterations, and statistics are collected over a large number of iterations. For each activity factor, the served traffic per cell T(f) is calculated as the sum of the active radio link bitrates for the active users 

T(f) = (u=1U(f) Ru / Ncell.
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where Ncell is the number of cells in the system. This assumes that user are scheduled an equal amount of time. The mean and the 5th percentile of the active radio link bitrate are used as measures of average and cell-edge user quality respectively. Note that as the activity factor increases, individual user bitrates decrease because of increased interference and thereby decreased SINR. The served traffic however increases as the number of active users increases. 
Table 1. Models and Assumptions.

	Traffic Models

	User distribution
	Uniform

	Terminal speed
	0 km/h 

	Data generation
	On-off with activity factor 20, 40, 60, 80, 100%

	Radio Network Models

	Distance attenuation
	L = 35.3+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	SCM, Suburban macro

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Cell radius 
	167m  (500m inter-site distance)

	System Models 

	Spectrum allocation
	10MHz (50 resource blocks) 0.2MHz (1 resource block)

	Max UE output power 
	250mW into antenna (no minimum power)

	Max antenna gain
	15dBi

	Modulation and coding schemes
	QPSK and 16QAM, turbo coding according to WCDMA Rel-6. 

	Overhead
	28% for reference signals and L1/L2 control channels (5 symbols per TTI for data)

	Receiver
	MMSE ‎[5] with 2-branch receive diversity


4. Numerical Results

This section present user bitrate, capacity, and power consumption results for the evaluated power control mechanisms. Both a 10MHz (50 resource blocks) and a 0.2MHz (1 resource block) allocation are studied.   
4.1. 10MHz Allocation

User plane bitrates for the 10MHz allocation are shown in Figure 1. To illustrate the ability of the parameterized scheme to trade cell-edge bitrate versus mean user bitrate, two parameter settings {SNRtarget,  for each algorithm are shown; one targeting high cell-edge bitrates and one targeting higher mean bitrates. 

More specifically, when targeting high cell-edge bitrates, the following parameter settings are evaluated:

· SNRtarget = 8dB,  = 1: this results in the highest cell-edge bitrates with full compensation

· SNRtarget = 5dB,  = 0.75: this results in the same cell-edge bitrates as the above setting, but yields higher mean bitrates

Results are shown in Figure 1. It is seen that both power control schemes achieve very high cell-edge data rates (3-5Mbps), substantially higher than for fixed power. Note that using fractional compensation, higher mean bitrates are achieved while maintaining the same cell-edge bitrate as with full compensation. 
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Figure 1. 10MHz results with parameter settings targeting high cell-edge bitrate. Left: Active radio link bitrate CDFs for 100% activity factor, right: Mean and cell-edge active radio link bitrate v served traffic.
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Figure 2. 10MHz results with parameter settings targeting high mean bitrate. Left: Active radio link bitrate CDFs for 100% activity factor, right: Mean and cell-edge active radio link bitrate v served traffic.
When targeting high mean bitrates, the following parameter settings are evaluated:

· SNRtarget = 20dB,  = 1
· SNRtarget = 15dB,  = 0.75: this results in the same mean bitrates as the above setting, but yields higher mean bitrates

Results are shown in Figure 2. It is here seen that both power control schemes achieve higher mean bitrates than with fixed power, while also yielding significantly higher cell-edge bitrates. Note that using fractional compensation in this case, higher cell-edge bitrates are achieved while maintaining the same mean bitrate as with full compensation. 

In summary, using fractional compensation, for the same cell-edge bitrate, a higher average bitrate is achieved, and for the same average bitrate, a higher cell-edge bitrate is achieved. This motivates the use of the fractional compensation parameter (). Further trade-offs enabled by different parameter settings are presented in Appendix A.

4.2. 0.2 MHz Allocation 

The performance in the 0.2MHz allocation is also of interest, e.g. for narrow band services. The bitrates achievable are shown in Figure 3. It is seen that the fractional compensation improves both the mean and the cell edge bitrate as compared to full compensation.  
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Figure 3 Active radio link bitrate 0.2MHz (one resource block).  Left; 100% activity factor, right; 20-100% activity factor v served traffic.
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Figure 4. Power consumption. Left; 0.2MHz (1 resource block), right; 10MHz (50 resource blocks).

4.3. Power Consumption

The resulting transmission power for both 0.2MHz and 10MHz is shown in Figure 4. Also regarding power consumption and battery lifetime the fractional compensation is a good solution. It is interesting to note that in the 0.2MHz allocation very few of the UEs use full power. Note that the 0.2MHz and 10MHz have the same parameters, and thereby transmit with the same power spectrum density. The total transmission power level differs significantly depending on the allocated bandwidth. 

5. Conclusions

There are clear benefits with fractional pathgain compensation. Using fractional compensation, for the same cell-edge bitrate, a higher average bitrate is achieved, and for the same average bitrate, a higher cell-edge bitrate is achieved. Also power consumption can be reduced. This motivates the use of the fractional compensation parameter in the E-UTRA power control mechanism.

6. References

[1] R1-071036, “Intra-cell Uplink Power Control for E-UTRA – Comments on Open Issues and Proposed Mechanism”, Ericsson.

[2] TR 25.814, “Physical Layer Aspects for Evolved UTRA “, V7.0.0.

[3] R1-061107, “E-UTRA physical layer framework for evaluation”, Vodafone et al.

[4] K. Brueninghaus et al., “Link Performance Models for System Level Simulations of Broadband Radio Access Systems”, in proceedings of IEEE PIMRC 2005.

[5] J. H. Winters, “Optimum Combining in Digital Mobile Radio with Cochannel Interference”, in IEEE Journal on Selected Areas in Communications, Vol. SAC-2, No. 4, July 1984.
Appendix A – Trade-offs Enabled by Parameter Settings
Depending on the scenario, services and cell deployment, the SNR target can be used to trade average and cell edge bitrates. This trade-off is shown in Figure 5 left. Below an SNR target of 5dB there is not much improvement of cell edge bitrate and above 15dB there is not much improvement in served traffic. In the range 5 to 15dB the cell edge and served traffic can be traded. Figure 5 right shows the partial compensation factor impact. The highest served traffic is achieved in the range 0.25-0.75, with the highest cell edge bitrate reached at 0.75, making this factor (0.75) a good choice.
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Figure 5. Mean and cell edge bitrate trade-off. 10MHz, left α=0.75, right SNR target =15dB.
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