
Adaptive Power Control Algorithm for 3G 
Cellular CDMA Networks 
Jud Nasreddine, Lou$ Nua-vmi and Xuvier Lugrarlge 

Multimedia Networks and Services Department 
GETENST de Bretagne 

2 rue de la chltaigneraie, CS 17607 
35576 Cesson Sevigne Cedex, France 

e-mail: Cjad.nasreddine,loutfi.nuaymi and xavier.lagrange}@enst-bretagne.fr 
TeI:+33 2 99 12 70 35/44/36 

Fax:+33 2 99 12 70 30 

Absfrocf-In this paper, we study adaptive power control 
algorithms for the Universal Mobile Telecommunications Sys- 
tem (UMTS) and we propose an evolution for these algo- 
rithms. The proposed algorithm can be used in both link di- 
rections of the Frequency Division Duplex (FDD) mode and 
in the downlink of the Time Division Duplex (TDD) mode of 
UMTS, where the same closed-loop power control is used. Un- 
like the standardized closed-loop power control algorithm of 
UMTS, adaptive power control algorithms have a dynamic 
transmitted power update step. For these algorithms, power 
control steps depend on the instantaneous mobile command 
and the command history. Our proposed algorithm adds Some 
intelligence to mobiles and base stations in order to limit os- 
cillations around the target signal-to-interference ratio (SIR). 
When the received S I R  is close to the target SIR, the receiver 
sends alternative up and down commands. These alternatives 
commands are interpreted by the transmitter. In this case, 
the transmitter stabilizes its transmitted power. Simulations 
are performed in order to evaluate the proposed algorithm 
performance. Simulations have shown that the proposed al- 
gorithm decreases the outage probability and dramatically re- 
duces the transmitted power, which are the main objectives of 
power control algorithms. 

Index Terms-Adaptive power control, UMTS, TDD, FDD. 

I. BACKGROUND 
The UMTS air interface uses the Code-Division Multi- 

ple Access (CDMA) technique to increase the spectral ef- 
ficiency. The capacity of CDMA systems is interference- 
limited [ I]. Therefore, power control is an essential func- 
tion of the air interface and it was widely studied in the 
literature [2][3][4 J [ 51 [6] [7] [8] [9]. The UMTS power con- 
trol was specified in the 3rd Generation Partnership Project 
(3GPP) standardization forum [lO][l I] for FDD and TDD 
modes. 

Power control algorithms in the downlink of the TDD 
mode and in both link directions of the FDD mode are 
based on a closed-loop control. This closed-loop power 
control is used after an initial phase that uses an open-loop 
power control. An outer-loop is also used in both modes 

[12]. The main objective of the outer-loop is to dynami- 
cally adjust the target Signal-to-Interference Ratio, denoted 
SIRt,,g,r, according to a fixed Block-Error Rate (BLER) 
or Bit-Error Rate (BER) depending on multipath and shad- 
owing effects. The SIRt,,y,t of a given radio channel is 
achieved by the inner loop power control. The downlink 
inner-loop of the TDD mode is the same as the inner-loop 
of the FDD mode. The only difference is that in the TDD 
mode, power control is executed at the Coded Composite 
Transport Channel (CCTrCH) level to allow flexibility in 
the up and down allocation and to optimize the transmis- 
sion in the uplink. The drawback of the TDD variant is 
that the rate of the feedback command in slow rate appli- 
cations is reduced to 100 Hz compared to 1500 Hz of the 
FDD mode 191. In the following, we will study only the 
downlink closed-loop power control of the FDD mode. 

The transmission unit in the UMTS-WCDMA interface 
is a 10 ms frame. Each frame is divided into 15 time slots 
and each slot contains one power control command (up or 
down). Two algorithms were proposed in the 3GPP specifi- 
cation [IO]. In the first algorithm, the transmitted power is 
updated each time slot while it may be updated once each 5 
time slots in the second algorithm. Only the first algorithm 
is studied in this paper. Each time slot, the mobile estimates 
the received SIR and compare it to SIRtarget. When the 
estimated SIR, denoted SIR,,,, is higher than SIRtarget, 
the transmitted power command (TPC) is set to "0" and the 
transmitted power is decreased of dB. Otherwise, the 
TPC is set to " I "  and the transmitted power is increased of 
Astrp dB. In most UMTS formats, the TPC command is re- 
peated on two bits as an error-protection redundancy. The 
power control step is fixed by higher layers and it depends 
on radio and service parameters. Several values of the order 
of 1 dB are proposed in the specification [lo]. 

In a wireless telecommunications system, frequent varia- 
tions occur in the radio interface. Hence, the received SIR 
may change dramatically and very fast. In many cases, 
the presently-proposed 3GPP power control cannot carry 
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out with this variation. This leads to the degradation of 
the quality of service; therefore, some channels may be 
dropped. One of the main problem in the 3GPP power con- 
trol algorithm is that the power update step is fixed and thus 
the power will change even if the received S I R  is close 
to SIRt,,,,,. Therefore, the received S I R  may oscillatc 
around SIR,,,.,,,. with a high variance. Some methods 
were proposed to increase the adaptation of the PC by using 
asymmetric power control steps to increase and decrease 
power [9]. Other methods suggest an adaptive power varia- 
tion step in order to decrease oscillations around SIRtarget 
and to increase the speed of the power control when the dif- 
ference between the received S I R  and is very 
high [13][14]. The authors of [15][16][17] propose a self- 
tuning predictor algorithm where the TPC is coded on 2 , 3  
or 4 hits instead of one. In these latter papers, the parame- 
ten of the power control change according to the quality 
measurements of the system level, which can be deduced 
from the command and the S I R  error history. 

In this paper, we study adaptive power control algorithms 
for UMTS systems and we propose a new adaptive algo- 
rithm. In Section 2, the proposed method is presented and 
justified. The system model is described in Section 3 and 
results are discussed in Section 4. Conclusions and useful 
comments are highlighted in the last section. 

11. MODIFIED ADAPTIVE POWER CONTROL 
The aim of the power control procedure is to provide an 

adequate SIR  to all mobiles by the mean of a simple al- 
gorithm. The 3GPP power control algorithm uses a fixed 
power control step; The fixed step leads to oscillations with 
high variance around the SIRt,,g,t.. Moreover, the fixed 
step restrains the capability of the power control algorithm 
to follow radio interface variations. 

A. Adaptive-step power conrml 
In order to increase the speed of power control, an adap- 

tive transmitted power control step may be used. The 
Adaptive-Step Power control (ASPC) algorithm has heen 
proposed in [ 131; if the base station detects the same TPC 
from a mobile in a set of consecutive slots, the step ded- 
icated to this mobile is increased. On the contrary, if an 
altemative sequence of up and down TPCs of a mobile are 
received by a base station, the step dedicated to this mobile 
is reduced. 

The adaptive power control step reduces oscillations 
around the SIRtaTget. However, the limited amplifier pre- 
cision prevents transmitters from using very low power con- 
trol steps; therefore, oscillations are not totally eliminated. 

B. Stabilization zone 
One solution to the oscillation problem is to use an S I R  

margin M and to define SIRt,,,,, + 11.1 as the new power 
control target. The new SIRtmrget is denoted SIR&,et. 

Stabilization zone @ 

Fig, I .  The SIR. margin A, and the stabilization mnc 0 define the new 
SIR  target and the zone where the transmitted power is kept stable. 

When the estimated S I R  of a mobile station is close to 
SIR&,,, a power decrease may degrade the SIR of the 
mobile in the next slot if the margin is not high enough. 
Therefore, a high margin must be used to minimize the out- 
age probability for a given traffic. However, increasing A t  
will decrease the system maximum capacity due to the high 
value of SIR&et. Moreover, the power consumption is 
an increasing function of Hence, a trade-off 
must be taken between the maximum capacity, power con- 
sumption and the outage probability. 

The Modified Adaptive Power Control (MAPC) algo- 
rithm combines adaptive-step power control algorithm with 
the new concept of stabilization zone to completely elimi- 
nate oscillations. In the MAPC algorithm, the S I R  mar- 
gin is divided into two parts: a margin AI and a stabiliza- 
tion zone @. The stabilization zone is defined as the zone 
where the estimated SIR is in the interval [SIRt,,,.yet + A I ;  
SIR,,,,,, + 11.1 +a] (figure 1). When the received S I R  of 
a mobile is in the stabilization zone, the mobile generates an 
altemative TPC sequence (ups and downs). Consequently, 
the transmitter reduces its power control step and stabilizes 
its transmitted power. This scheme allows the stabilization 
ofthe received S I R  above the desired value with the same 
signalization load as the 3GPP power control algorithm. 
Furthermore, the use of a stabilization zone decreases the 
needed margin value, which can be omitted also; therefore, 
the system maximum capacity is increased and the power 
consumption is reduced. 

C. Mobile station algorithm 

Each mobile station compares the estimated S I R  
(SIR,,t) with SIR&,,, and generates the TPC according 
to the following algorithm: 

- if SIR,,, > SIR&e, + @, then the transmitted TPC 
is set to "0" requesting a transmit power decrease. 

- if SIR:$,,, < SIR,,, 5 SIR!&et + a, then the 
transmitted TPC is the complementary of the previ- 
ous TPC (saved in the command register) requesting 
an unchanged transmitted power. In this interval, mo- 
biles generate altemative up and down power control 
commands. 

- if SIR,,t < SIR&,,, then the transmitted TPC is 
set to "1" requesting a transmit power increase. 

- The TPC is saved in a command register of one bit. 
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For each mobile, the Radio Resource Control (RRC) 
layer in the core network sets the parameters SIRt,,.,,t, 
A4 and Q, based on the system load, the service type and 
radio interface characteristics. These parameters are sent to 
mobile stations via signalization channels. 

D. Network algorithm 
The proposed method adds some intelligence to base sta- 

tions in order to increase the speed of power control. In 
consequence, the MAPC algorithm is executed by the base 
station in the network side. The base station receives the 
TPCs from mobile stations and analyzes the command of 
each mobile station independently. After each power con- 
trol iteration, these commands are saved in a command reg- 
ister, where only one bit is dedicated for each mobile sta- 
tion. 

To set the power of a mobile, the base station uses the bit 
dedicated to the mobile in the command register with the 
instantaneous TPC and execute the following algorithm: 

- if the TPC and the saved command are the same, the 
power control step is multiplied by 1.1 and the 
transmitted power is updated by the mean of the new 
step. 

- if the TPC is different from the saved command, the 
power control step 4,strp is divided by X and the trans- 
mitted power is maintained stable. 

- the TPC is saved in the command register. 
Parameters A, p and the initial value of are fixed 

by the RRC layer in the core network. Furthermore, the 
power control step margin is limited by the precision of the 
used amplifier and is always in the interval [A,,l;,,; A,,,,]. 

111. SYSTEM MODEL 

The MAPC scheme is evaluated by simulation using 
Matlab. It is compared to the 3GPP closed-loop power con- 
trol and to the adaptive-step power control algorithm [13]. 
An outdoor Manhattan scenario with 5 x 5 blocks is used 
to evaluate power control algorithms. The block size is 
200 x 200 meters. Mobiles are uniformly distributed and 
each mobile is served by the hest-received base station. A 
wrap-around technique is used in order to overcome cell 
boundary effects. Common channels, call dropping, error 
detection and correction, and TPC errors are not considered 
in simulations. 

The assumed propagation model is an Okumura-Hata- 
Cost23 1 model with shadowing; the path gain between mo- 
bile i and base station j is modeled as G,.j = ai;j/df;:, 
where di,j is the mobile-to-base distance expressed in me- 
ters and the coefficient a;., models the shadowing effect. 
The shadow fading coefficient ai,j is a Log-Normal random 
variable with zero mean and I O  dB variance [18]. A corre- 
lation coefficient of 0.5 is considered between the shadow 
fading coefficients of a mobile and neighboring base sta- 
tions. When mobility is considered, an exponential auto- 
correlation function R(Ax) is used with a decorrelation 
distance of 5 m: 

Max Tx Power [dBm] 
Power cntrl range [dB] 

Receiver thermal noise [dBm] 

MSchannel BS 
33 20 
30 2s 
-98 

where AZ is the path length and d<:oT is the decorrelation 
distance [ 191. 

The simulated service is 8 kbps circuit-switched service 
with 100% activity factor. The SIRr,,,,t for all mobiles is 
?U" = -17 dB and a perfect SIR  estimation is considered. 
Class 3 mobile stations are used. The transmitted power 
limits and the receiver thermal noise are presented in ta- 
ble l [20]. The initial transmitted powers have random val- 
ues between the minimum value and 10% ofthe maximum 
transmitted power. The adaptive power control parameters 
are presented in table 11. 

Algorithm performance is evaluated using frame-outage 
probability, which is the probability that the average re- 
ceived S I R  over one Transmission Time Interval ("TI, e.g. 
20 ms) falls below SIRt,,,,,. The average value of the 
frame-outage probability is evaluated by Monte Carlo sim- 
ulations for 100 independent mobile configurations. In each 
configuration, mobiles are active in the downlink during the 
N slots of the simulation. The mean frame-outage proba- 
bility is averaged over the simulation period. The capacity 
of the system is considered as the load for which the mean 
frame-outage probability is less than 0.02. 

Iv. SIMULATIONS AND RESULTS 

We first consider a simulation with fixed-position mo- 
biles. In each configuration, 600 time slots are simulated 
(i.e. 400 ms). In figure 2, we present the effect of the S I R  
margin (without stabilization zone) on the mean frame- 
outage probability when the 3GPP power control algorithm 
is used in a system with 24 mohiles/cell. System maximum 
capacity is reached with a 0.6 dB S I R  margin. For a cell 
load of 24 mobiles/cell, the mean frame-outage percentage 
is drastically reduced when the optimal S I R  margin is used 
(from 15% to 0.3%). 

The impact of the stabilization zone size combined with 
an SIR margin is shown in figure 3 for a cell load of 26 
mobilesicell. This figure shows that the optimal value of 
is 0.3 dB with no SIR  margin. For these parameters, the 
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Fig. 2. Themeanframe-outageprobabilitypercrntagefordifferenl -lues 
of the magm A 1  when the 3GPP power control algorithm is used in a 
system with 24 mobilesicell. 

Fig. 4. The mean frame-outage probability percentage for different cell 
loads for I fined mobile configuration. The horizontal line represents thc 
0.02 outage probability. 

4 \ 

Fig. 3. The mean frame-outage probability percenlage as a function o f +  
for diffcreni values of AJ and with B cell load of 26 mobilesicell. 

mean frame-outage probability is 0.4%. Furthermore, the 
optimal value of @ as a function of the S I R  margin is a de- 
creased function. We notice that the stabilization zone size 
changes slightly the mean frame-outage probability when 
no S I R  margin is used and @ is greater than 0.3 dB. 

In figure 4, the mean frame-outage probability percent- 
age is plotted as a function of the cell load. The 95% con- 
fidence interval is also plotted in this figure. As noted he- 
fore, the 3GPP power control offers the maximum capac- 
ity when a 0.6 dB margin is added. The performance of 
the ASPC algorithm without margin is not satisfying due 
to amplifier precision (A,,;,, = 0.25 dB). However, the 
ASPC algorithm with an S I R  margin of 0.2 dB increases 
the system capacity from 24 to 26 mobilelcell (i.e. 8% in- 
crease from the maximum capacity offered by the 3GPP al- 
gorithm). Furthermore, the MAPC algorithm offers the best 
mean frame-outage probability without an S I R  margin. 

It should be noted that the mean frame-outage probability 

I /  

Fig. 5 .  The mean total transmitted power as a function ofthe slot number 

is considered without error detection and correction; there- 
fore, the capacity of a real system will he higher when these 
procedures are used. Moreover, when the mean frame- 
outage probability reaches lo%, the call admission control 
blocks new mobile admissions to reduce the outage proha- 
hility. 

In figure 5 ,  the mean total transmitted power is plotted 
as a function of the slot number. This figure shows that 
the MAPC algorithm reduces the transmitted power by 6 
dB from the hest configuration of the ASPC algorithm and 
13 dB from the hest configuration of the 3GPP algorithm. 
This power decrease is the result of the power stabilization 
which allows the elimination of the S I R  margin. 

We then analyze the performance of the studied algo- 
rithms when the terminals are moving in the system. Mo- 
bile speed is considered as time-constant. It has a uniform 
distribution between 0 and 30 kmih. The position of a 
mobile is updated when the mobiles moves 5 m. Figure 



Fig. 6. Thhe frame-outage probability percentage as a function of the TTI 
number when terminals are moving. 

6 shows that the MAF’C algorithm gives the least frame- 
outage probability without the need of an SIR margin. We 
can see also that the MAPC performance, compared to the 
ASPC algorithm, is enhanced when the cell load increases. 

V. CONCLUSIONS 
Adaptive power control algorithms have been studied in 

this paper. Moreover, an evolution of these algorithms has 
been proposed to limit oscillations around the target signal- 
to-interference ratio. The proposed algorithm is a simple 
variant of the 3GPP power control algorithm in which some 
intelligence is added to mobile and base stations. To limit 
oscillations, the modified adaptive power control algorithm 
forces the receiver to transmit an altemate sequence of up 
and down commands in a stabilization zone above the tar- 
get SIR. The transmitter responds to this sequence by a 
power stabilization. An altemate up and down command 
sequence is also possible outside the stabilization zone. In 
this case, the transmitter also stabilizes its power. This phe- 
nomena may decrease the algorithm performance. How- 
ever, the power stabilization is kept in one slot only; there- 
fore, the algorithm performance is slightly influenced by 
this phenomena. 

The MAPC algorithm has shown better performance than 
the 3GPP and the ASPC algorithms; system maximum ca- 
pacity was increased and the power consumption has been 
reduced dramatically. This advantage is due to the elim- 
ination of the S I R  margin. Simulations has shown also 
that the ASPC and MAPC preserves almost the same out- 
age probability when mobility is considered. This stability 
is due to the adaptive power control step. Furthermore, the 
algorithm implementation does not increase the signaling 
load and slightly increases procedures complexity. 

To increase the algorithm performance, a dynamic stabi- 
lization zone that depends on radio and services character- 

istics may he used for each mobile. This is left for future 
research. 
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