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ABSTRACT 
Radio resources in wireless communication systems, 

implementing different multiple access techniques, must be wisely 

managed. This perspective is pivotal since the variations in 

propagation channel are very fast. This complexity in the cellular 

system periodically contributes to different interference levels, 

high or low, resulting in the degradation of the system capacity. 

Transmitter power control is an efficient technique to mitigate the 

effect of interference under fading conditions, combat the Near-

Far problem and conserve the battery life. Thus, an effective 

implementation of different power control algorithms in cellular 

radio communication systems can offer a significant improvement 

in the Quality of Service (QoS) to all the users. Choice of an 

appropriate power control algorithm is of prime importance, as it 

should aim at increasing the overall efficiency of the system. In 

this paper different distributed power control algorithms, each 

suited for implementation under different cellular technologies, 

were studied extensively. Specifically, three distributed power 

control algorithms are compared through simulations on the basis 

of performance metrics like Carrier to Interference Ratio (CIR) 

and Outage for the downlink case. 

Categories and Subject Descriptors 

C.2 [Computer-Communication Networks]: Network 

Architecture and Design– Wireless communication 

General Terms 

Distance Based Power Control Algorithms, Distributed Balancing 

Power Control Algorithm,, Adaptive Step Sir based Power 

Control Algorithm. 

Keywords:  

CDMA, Centralized Power Control, Decentralized Power Control  

 

1. INTRODUCTION 
Wireless communications is one of the most active areas of 

technology development of our time. Wireless communications 

today covers a very wide array of applications .This development 

is being driven primarily by the transformation of what has been 

largely a medium for supporting voice telephony into a medium 

for supporting other services, such as the transmission of video, 

images, text, and data. The traditional resources that have been 

used to add capacity to wireless systems are radio bandwidth and 

transmitter power. Unfortunately, these two resources are among 

the most severely limited in the deployment of modern wireless 

networks: radio bandwidth because of the very tight situation with 

regard to useful radio spectrum and transmitter power because 

mobile and other portable services require the use of battery 

power, which is limited. These two resources are simply not 

growing or improving at rates that can support anticipated 

demands for wireless capacity 

The largest and most noticeable part of the telecommunications 

business is telephony. The principal wireless component of 

telephony is mobile (i.e. cellular) telephony. The worldwide 

growth rate in cellular telephony is very aggressive and analysts 

report that the number of cellular telephony subscriptions 

worldwide has now surpassed the number of wire line (i.e. fixed) 

telephony subscriptions. These additional wireless technologies 

provide a basis for a very rich array of applications, including 

local telephony service, broadband Internet access and 

distribution of high-rate entertainment content such as high-

definition video and high-quality audio to the home, within the 

home, to automobiles and so on like 3G, these technologies have 

spurred considerable research in signal processing for wireless.  

These technologies are supported by a number of transmission 

and channel-assignment techniques, including time-division 

multiple access (TDMA), code-division multiple access (CDMA), 

and other spread-spectrum systems, orthogonal frequency-division 

multiplexing (OFDM) and other multi carrier systems and high-

rate single-carrier systems [14]. These techniques are chosen 

primarily to address the physical properties of wireless channels, 

among the most prominent of which are multi path fading, 

dispersion and interference. To obtain maximal benefit from these 

transmission techniques, to exploit the diversity opportunities of 

the wireless channel and to mitigate the impairments of the 

wireless channel, advanced receiver signal processing techniques 

are of interest. These include channel equalization to combat 

dispersion, RAKE combining to exploit resolvable multi path, 

multi-user detection to mitigate multiple-access interference, 

suppression methods for co-channel interference, beam forming to 

exploit spatial diversity and space-time processing to jointly 

exploit temporal and spatial properties of the signaling 

environment.  

Radio resource management (RRM) is the system level control of 

co-channel interference and other radio transmission 

characteristics in wireless communication systems, for example 

cellular networks, wireless networks and broadcasting systems. 

RRM involves strategies and algorithms for controlling 

parameters such as transmit power, channel allocation, handover 

http://en.wikipedia.org/wiki/Co-channel_interference
http://en.wikipedia.org/wiki/Wireless_communication
http://en.wikipedia.org/wiki/Cellular_network
http://en.wikipedia.org/wiki/Wireless_network
http://en.wikipedia.org/wiki/Broadcasting
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criteria, modulation scheme, error coding scheme, etc. The 

objective is to utilize the limited radio spectrum resources and 

radio network infrastructure as efficiently as possible. Among 

different Radio Resource Management (RRM) techniques, power 

control, also known as TPC (Transmit Power Control), is one of 

the important „interference suppression‟ techniques. The system 

capacity and performance are adversely affected and degraded by 

interference. Hence, power control plays a prominent role in an 

interference-limited system, which increases the efficiency by 

mitigating the adjacent and co-channel interference in the system. 

Power control in general is all about controlling the transmitted 

power both in downlink and uplink direction for different reasons. 

Main aim of the power control is to transmit the signal with 

lowest possible power level, which maintains the required quality 

of signal. 
Power of every transmitter is adjusted to the level required to 

meet the requested QoS. Determining the transmitter power level 

is a very sophisticated task due to dynamic variation of the radio 

channel. Whatever the radio environment is, the received power 

should be at an acceptable level. 

There are several power control techniques and algorithms using 

the link quality measurements in both forward and reverse 

channels to adjust the power levels. There are also centralized and 

distributed power control algorithms. But the limited scope of this 

paper is to consider only some of the important distributed power 

control algorithms for evaluation. 

2. NEAR FAR PROBLEM 
The problem is best described by taking an example: Consider a 

receiver and two transmitters (one close to the receiver; the other 

far away). If both transmitters transmit simultaneously and at 

equal powers, then due to the inverse square law (Since, Pr= Pt/ 

(4*Pi*d/lambda)^2, Pr is received power, Pt is the transmitted 

power, d is the distance between the stations, lambda is the 

wavelength of operation and Pi is 3.1428....), the receiver will 

receive more power from the nearer transmitter. This makes the 

farther transmitter voice more difficult to understand. Since one 

transmission's signal is the other's noise the signal-to-noise ratio 

(SNR) for the farther transmitter is much lower. If the nearer 

transmitter transmits a signal that is orders of magnitude higher 

than the farther transmitter, then the SNR for the farther 

transmitter may be below detect ability and the farther transmitter 

may just as well not transmit. This effectively jams the 

communication channel. In CDMA systems, this is commonly 

solved by dynamic output power adjustment of the transmitters. 

That is, the closer transmitters use less power so that the SNR for 

all transmitters at the receiver is roughly the same. This sometimes 

can have a noticeable impact on battery life, which can be 

dramatically different depending on distance from the base 

station. As the propagation losses between BS and MS's are 

different according to individual communication distances, the 

received levels at the base station are different from each other 

when all mobile stations transmit their signals at the same power   

Moreover, the received level fluctuates quickly due to fading. In  

order to maintain the strength of received signal level at BS, 

power control technique must be employed in CDMA systems 

.Unlike FDMA and TDMA, which are bandwidth limited multiple 

access, WCDMA is interference limited multiple access. In 

FDMA and TDMA, power control is applied to reduce inter-cell 

interference within the cellular system that arises from frequency 

reuse while in WCDMA systems the purpose of the power control 

is mainly to reduce the intra-cell interference. Due to the fact that 

in the WCDMA system the total bandwidth is shared 

simultaneously, other users can experienced as a noise like 

interference. In case power control mechanism is missing, 

common sharing of bandwidth creates a severe problem referred 

to as Near-Far effect  

 

Figure 1. Near Far Problem in CDMA 

 
 

 

http://wiki.hsc.com/Power_Control
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3. POWER CONTROL ALGORITHM 
Power control in 1st generation wireless networks was a relatively 

simple problem because of the enforced separation in resources 

i.e. FDMA networks used separate frequencies between different 

terminals with a significant gap/guard band between the two. This 

meant that the primary aim of power control was to ensure that 

there was sufficient received power so as to cross the noise 

threshold. Interference   between   terminals was a relatively small 

problem. This still remains the case in satellite networks and other 

systems. However, when cellular networks came into operation 

the power control problem started taking center-stage. Since 

cellular networks aggressively re-use frequencies so as to 

maximize capacity, inter-cell interference started becoming the 

dominating source of impairment; as a result the network was 

"interference constrained" in capacity. Theoretically, power 

control can be formulated and solved as a convex optimization 

problem. In real-life power control is far more complex. This is 

due to relative movement of the remotes, lack of instantaneous 

information regarding individual link conditions and limited 

signaling capacity. We shall discuss these issues individually. In 

WCDMA ,power control is employed in both the uplink and the 

downlink. The main target of the uplink power control is to 

mitigate the near-far problem by making the transmission power 

level received from all terminals as good as possible at the home 

cell for the same QoS. The mobile stations far away from the base 

station should transmit with considerably higher power than the 

mobiles close to the base station. Therefore uplink power control 

is for fine tuning of terminal transmission power, resulting in the 

mitigation of the intra-cell interference and near-far effect. The 

situation is different in downlink direction. The downlink signals 

transmitted by one base station are orthogonal. Signals that are 

mutually orthogonal do not interfere with each other. However, it 

is impossible to achieve full orthogonal signals in typical usage 

environments. Signal reflections cause non orthogonal 

interference even if one base station is considered. Moreover 

signals sent from other base stations are, of course, non 

orthogonal and thus they increase the interference level taking 

into account that in a CDMA system the neighbor cells use the 

same downlink frequency carrier. This calls for downlink power 

control. 

There are two basic types of power control: 

1.Open Loop Power Control 

2. Closed Loop Power Control 

3.1 Open Loop Power Control 
The open loop power control technique requires that the 

transmitting entity measures the channel interference and adjusts 

its transmission power accordingly. In this process, the UE 

estimates the transmission signal strength by measuring the 

received power level of the pilot signal from the BS in the 

downlink and adjusts its transmission power level in a way that is 

inversely proportional to the pilot signal power level. 

Consequently, the stronger the received pilot signal, the lower the 

UE transmitted power. This can be done quickly but the problem 

is that the interference estimation is done on the received signal 

and the transmitted signal probably uses the different frequency 

(in case of FDD), which differs from the received frequency by 

the system‟s duplex offset. As uplink and downlink fast fading (on 

different frequency carriers) do not correlate, this method gives 

the power values only on average. 

3.2 Closed Loop Power Control 
In the closed-loop power control technique, the quality 

measurements are done on the other end of the connection in the 

base station and the results are then sent back to mobile‟s 

transmitter so that it can adjust its transmitted power. This method 

gives much better results that the open loop method but it cannot 

react to quick changes in the channel conditions.  

The UTRA-FDD mode uses fast closed-loop power control 

technique both in uplink and downlink. In this method, the 

received SIR is measured over a 667 microseconds period (one 

TS), and based on that value, a decision is made about whether to 

increase or decrease the transmission power in the other end of the 

connection. The transmit power control (TPC) bits are sent in 

every time slot within uplink and downlink. All power control 

signals contain either an increase or decrease command. In uplink, 

When BS receives the UE signal it compares the signal strength 

with the pre-defined threshold value at the BS. If the UE 

transmission power exceeds the threshold value, the BS sends a 

Transmission Power Command to the UE to decrease its signal 

power. If received signal is lower than the threshold target the BS 

sends a command to UE to increase its transmission power. In 

downlink, the roles of UE and BS are interchanged. 

The fast-closed loop power control is also called the inner loop 

power control. Closed loop power control also includes another 

loop called outer loop. 

The inner loop closed loop power control adjusts the transmitted 

power in order to keep the received SIR (SIRest) equal to given 

target (SIRtarget). If the used SIR value still gives a low quality 

bit stream, then SIRtarget must be increased. The SIR target is 

fixed according to the received BLER or BER. The setting of SIR 

target is done by the outer loop power control in order to match 

the required BLER. The required SIR depends on mobile speed 

and multipath profile. The inner loop and outer loop are 

visualized in figure below. 

 

http://wiki.hsc.com/convex_optimization
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 Figure 2. Power control loops  in CDMA  

 

3.2.1 Algorithms used in case of inner closed loop 

power control: 

The transmitted power is updated at each time slot according to 

which power control is done in wireless communication. It is 

increased or decreased by a fixed value as described below: 

 

1. if SIRest > SIRtarget then TPC command to transmit is “0”, 

requesting a transmit power decrease. 

2. if SIRest < SIRtarget then TPC command to transmit is “1”, 

requesting a transmit power increase.  

3.2. 1 .Centralized vs. distributed power control 

Distributed power control algorithms are executed by the 

terminals and they work on the basis of the terminals own 

transmission power Pi(n) in the nth time instant and the measured 

link condition γi(n) corresponding to the same transmission. The 

algorithm works by updating the transmission power from the nth 

to the (n+1)th instant by some arbitrary constant ci(n) i.e. Pi(n+1) 

= ci(n)Pi(n). It has been shown that for some conditions on the 

sequence ci, the power vector converges asymptotically (in some 

cases weakly) to the optimal transmission vector. Different 

algorithms work on different mechanisms to compute the best 

value of ci(n) 

 A key concern for distributed algorithms (to some little extent, 

centralized algorithms as well) is the convergence time; if the 

situation is stationary then convergence time does not matter; 

however, if the average network condition is changing, then the 

convergence time for the power control algorithm has to be faster 

than the rate of change. A second concern is the possibility of 

instability; specifically, sudden events causing a reaction from the 

entire active mobile population, leading to temporary network 

outages. How fast this kind of situation can be detected and 

mitigated is a property of the algorithm being used. Many 

networks which support distributed power control allow a central 

controller to damp the behavior of the terminals through 

broadcasts; thus trading off convergence time for stability. Some 

of the DPC algorithms considered are given below.  

4. PERFORMANCE ANALYSIS OF POWER 

CONTROL DOWNLINK ALGORITHMS 
We have carried out the performance analysis and comparison of 

the power control algorithms using Matlab 6.5.The comparison 

have been done by comparing Percentage of Mobiles in Outage 

versus No. of Mobiles in cells in downlink algorithms & CIR 

versus number of iterations in Distributed Power control 

algorithms. 

4.1DistanceBased Power Allocation Algorithm 
This is an open loop power control algorithm that uses the base 

station-to-mobile distance to allocate transmit powers for each 

mobile. The pseudo-code for the simulation is as follows. Fig. 3 

plots the outage percentage against the number of mobiles. 

Pseudo-code 

1. Initialize number of iterations 

2. Initialize number of mobiles 

3. Initialize dmin, R, k, n 

4. for i = 1 to iterations  

 Generate uniformly distributed vector of mobile-to-base 

station distance 

 Initialize power 

  for j = 1 to mobiles 

 if dam ≤  dmin 

 pm(j) = k (dmin/ R)n 

 else  

 pm(j) =k(dam(j)/R)n 

  end 

 calculate SIRobserved(j) and compute outage 

  end 

5. Calculate the outage percentage using the outage counter and 

the number of mobiles. 

6. Plot outage percentage versus mobiles 
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Figure 3 Outage Percentage of Mobiles in Outage versus No .of Mobiles in Cell 

 

4.2 Distributed Balancing Algorithm (DB) 

The distributed balancing algorithm calculates the optimal 

transmission power assignment for each mobile within the cell, 

taking into account all the neighboring cells. The scenario consists 

of a central cell surrounded by six other cells. This power is 

proportional to the ratio of the total received power of the mobile 

to the link gain between the base station and that mobile. 

 The pseudo-code for the simulation is as follows.  

1. Initialize number of iterations 

2. Initialize number of mobiles 

3. for i = 1 to iterations 

 Generate uniformly distributed vector of mobile-to-base 

station distance. 

 Generate a vector of link gains of mobiles from their 

own base station gain. 

 Generate a vector of link gains of mobiles from other 

base station gain. 

 Initialize power 

 Initialize DB correction coefficient Cik 

 for j = 1 to mobiles 

 total received power = ∑power * gain + 6 *∑power 

*gain‟ 

 Cik=total received power / gain 

  power(j) = ∑power * Cik(j) /∑Cik 

 end 

 calculate SIRobserved(j) and compute outage 

 end 

end 

4. Plot outage percentage versus mobiles 
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Figure 4. Outage Percentage of Mobiles in Outage  versus No .of Mobiles in Cell 

 

4.3 Adaptive Step SIR based Power Control 
ASPC is a variation of the MSPC algorithm that uses an adaptive 

step size to achieve faster convergence towards no outage. This 

algorithm uses the information from the previous iteration in order 

to adapt the step size accordingly. 

The pseudo-code for the simulation is as follows.  

 

Pseudo-code 

1. Initialize number of iterations 

2. Initialize number of mobiles 

3. Generate uniformly distributed vector of mobile-to-base station 

distance 

4. Generate a vector of link gains from each mobile to the base 

station based on a log-normal distribution with zero mean and 

standard deviation = 6 dB 

5. Allocate initial power for each mobile at the base station 

6. Initialize SIRthreshold = -14 dB 

7. Initialize µ (increment factor), υ (decrement factor), δ (step 

size), flag (previous iteration feedback information) 

8. for i = 1 to iterations 

 for j = 1 to mobiles 

 Calculate SIRobserved at each mobile 

 Compare SIRobserved with SIRthreshold 

 if (SIRobserved ≤ SIRthreshold) 

 Increment outage counter(i) 

 if (previously in outage) 

 Adjust (increase) power by µδ 

 else 

 Adjust (increase) power by δ  

 Else if (SIRobserved > SIRthreshold) 

 if (previously not in outage) 

 Adjust (decrease) power by υδ 

 Else 

 Adjust (decrease) power by δ 

 end 

end 

9. Calculate the outage percentage using outage counter and the 

number of mobiles 

10. Plot outage percentage versus number of iteration 

 

Figure 5. Outage Percentage of Mobiles in Outage versus No .of iterations 

 

5. CONCLUSION & FUTURE WORK 
In this paper three existing downlink power control algorithms for 

CDMA systems were implemented and analyzed based on outage 

versus number of iterations. The Distributed Balancing (DB) 

power control algorithm was shown to give better results 

compared to Distance Based The performance of different 

algorithms can also be compared on the basis of metrics like BER 

and FER. Further, the system model developed can be extended to 

accommodate more number of users randomly moving in and out 

of the cell area. Even when the users per cell continuously change, 

the model should be easily adaptable to the changes. Power 

control along with base station assignment and beam forming, 

generally termed as „combined power control‟ is also an 

interesting area of research. Areas like performance comparison of 

these combined power control algorithms, power control in 

MIMO and adaptive antenna systems and power control in 

WCDMA can be further explored in the light of this thesis and the 

results can easily be extended also to them. 

 In this paper we have studied three different existing downlink    

power control algorithms for CDMA systems were implemented 

and analyzed based on outage versus number of mobiles in cell 

and iterations. The Distributed Balancing (DB) power control 
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algorithm was shown to give better results compared to Distance 

Based. The performance of different algorithms can also be 

compared on the basis of metrics like BER and FER. Further, the 

system model developed can be extended to accommodate more 

number of users randomly moving in and out of the cell area. 

Even when the users per cell continuously change, the model 

should be easily adaptable to the changes. Power control along 

with base station assignment and beam forming, generally termed 

as „combined power control‟ is also an interesting area of 

research. Areas like performance comparison of these combined 

power control algorithms, power control in MIMO and adaptive 

antenna systems and power control in WCDMA can be further 

explored and  results can easily be extended also to them. 
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