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Ahstrrrct- In this paper, we study the interaction between power 
control and data rate selection in a wireless CDMA network. 
Specifically, third-generation cellular WCDMA system is 
considered. The criterion is the average of the sum of data rates in 
a variable rates services environment. Simulation results show 
that the association (or the integration) of power control and data 
rate selection allows a given network to have better achievable 
performance. Interesting elements of the proposed algorithm are 
highlighted and useful comments given. 

' 

I. Introduction 

One of the major innovations of third-generation cellular 
networks is the presence of different communication services 
including different data rates, which can have relatively high 
values. Data rates can reach 2 or more Mbis. The multiple 
access system selected for third-generation cellular systems is 
Code-Division Multiple Access (CDMA). For wireless CDMA 
systcms. capacity limitations are mainly due to interference 
([ 11). Radio resource management allows lower interference 
and thus higher capacity. In this paper, we consider the 
application of an algorithm conibining power control and data 
rate selection for WCDMA. 

For WCDMA ([2]), the European and Japanese common 
proposal for third-generation 1MT-2000, power control is 
defined in [3] for Frequency-Division Duplex (FDD) system 
and [4] for Time-Division Duplex (TDD) system. 

I n  a multimedia environment such as in WCDMA, 
different services with different constraints are transmitted 
simultaneously. In this paper, we try to optimise resource 
allocation (selection of transmitted power and rate) in a 
wireless network where each communication has different 
possible data rates, including zero (no-transmission). This is, 
for example, the case of Internet communications. The 
criterion of optimisation is the instantaneous sum of data rates. 
Evidently this is a restrictive hypothesis since in real networks 
some services will have a mandatory minimal data rate in 
addition to transmission delay constraints; this is, for example, 
the casc of voice transmission. Yet, the computation of the 
maximal sum of data rates can be useful for a general wireless 
multimedia CDMA system. 

Considering a given user and rate distribution, the existence 
of a transmitted power vector such that all communications 
verify their quality constraint has been discussed in [5]. 
Integrated power control and rate selection for the uplink of a 
cellular CDMA network with two classes of users, typically 
voice and data users, is studied in [6]. A transmission 
scheduling scheme for delay-tolerant users allowing relatively 

higher throughput and lower intercell interference, while 
respecting different quality requirements, is proposed. The 
same topic for downlink non real-time services is considered in 
1171. Scheduling is such that one user transmits at a time in each 
cell. A distributed power control algorithm allows intercell 
interference management. Other references about the 
association of power control and data rate can be found in [7]. 

In this paper, we study uplink variable data rate services. A 
simple approach is used in order to show interesting results of 
capacity increase when power control and data rate are 
associated. We start by reviewing some previously-proposed 
studies on that topic. The system model considered is described 
and some details about power control and data rates in 
WCDMA given. Then we propose some interesting results 
concerning the total throughput of a CDMA cell. A discussion 
of the results and conclusions are given in the last section. 
Although the implementation topic is not directly addressed in 
our paper, the results and the comparisons obtained may bc 
used for performance evaluation. 

11. System model 

The uplink (mobile-to-station) of a CDMA 3G system is 
considered. In an FDD-CDMA system, an uplink physical 
channel is defined by its code and its frequency. The methods 
proposed in this paper could be applied to downlink andor  to 
TDD systems after some slight adaptations. Power control is 
only applied at Layer 1 (inner closed-loop PC). Circuit- 
switched systems are considered. Packet transmission for 
packet-switched services is assumed to be taken into account at 
layer 3 or higher layers. 
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Fig. 1 : Reverse link of a CDMA cellular network. AI1 mobiles use 
the same Frequency Bandwidth W. 

0-7803-7822-9/03/$17.00 0 2003 IEEE. 
301 

mailto:nuaymi@enst-bretagne.fr


The 1 4'h IEEE 2003 International Symposium on Persona1,lndoor and Mobile Radio Communication Proceedings 

302 

A fairly simple simulation rvlodel is used. This allows an 
illustration of the results of this work. A maximal transmitted 
power limitation is considered. The simulation model consists 
of M mobiles that transmit information sharing a common 
radio channel (uplink of a cellular CDMA system). Each 
mobile should communicate with one of the B base stations 
(BS). Interference between the reverse links of a CDMA 
network is illustrated in Fig. 1 .  

The algorithms considered are applied for a fixed set of 
mobiles, their application being supposed fast enough to 
consider the mobile set and geographical positions all fixed 
(snapshot). The speed of convergence of the iterative 
algorithms is verified in the following. 

The index of the base to which mobile nz is assigned is a,,, . 
A mobile is connected to the best-received power level base 
station (sometimes called the best-server), which is not always 
the closest one due to the fadings. Mobile nz transmitted power 
is p,,, and the link gain from mobile IIZ to base b is noted gh,,,, so 
matrix G = (ya,,,) is of size (B  x M). Mobile m received signal- 
to-interference ratio (SIR) on base 0, noted yJrr,h , is then given 
by: 

where nh is the receiver noise, also called thermal noise, at base 
0. The received SIR of mobile m on its assigned BS is noted 
y,,,, so we can write: y,,, = y,,,,,,,,, . A mobile is in outage state 

when its SIR falls below its SIR target. 
In a CDMA system, the received BER is a direct function 

of the energy-per-bit over total noise spectral density ratio, 
noted E,,INo. Thus, E,,INo i s  considered as a good quality 
indicator. It is related to the received SIR, noted y, by the 
following formula: 

where R is the data (or information) bit rate and W the total 
frequency bandwidth (5  MHz for WCDMA). The value Eh/& 

i s  sometimes called the despread SIR. The spreading factor 
(SF), or VIR,  is then an important parameter for the decision of  
the quality threshold. 

For a data rate I-" and for a required threshold for ,!?,/No, 

given by: 

(3) 

Communications have different possible data rates and Eh/No 
targets. Thus, different SIR targets are considered. In this 
work, we consider that each data communication has D 
possible data rates : 

where rl is equal to zero (corresponding to a no-transmission 
state). 

Paging or synchronization channels are not included in the 
simulation. Performance of  the algorithm is evaluated by the 
average sum of transmitted rates. More details about the 
simulation are given below in the following sections. 

111. Power control and data rate selection in WCDMA 
system 

Power control in WCDMA is a closed-loop power control 
(PC) which is a combination of the outer and inner closed loop 
controls. The inner (also called fast) closed loop PC adjusts the 
transmitted power in order to keep the received SIR equal to a 
given target. This SIR target is fixed according to the received 
Bit Error Rate (BER) by the higher layer outer-loop PC in 
order to achieve a given BLock Error Rate (BLER) target. 
Ensuring that the lowest possible SIR target is used results in 
greater network capacity. The BER target is a function of the 
communication service. In this paper, we use fixed values for 
SIR thresholds (see below). The results should still hold for 
varying values of SIR thresholds (e.g., by the outer-loop). 

The inner closed-loop PC measures the received quality, 
represented by received SIR and then sends commands to the 
transmitter (i.e., the mobile in the case of the uplink) for the 
power update. The receiver estimates the received power of the 
connection to be power controlled. Simultaneously, the 
receiver estimates the received interference. The obtained SIR 
estimate, noted SIR,,,, is then used by the receiver to generate 
PC commands. 

The frame duration in WCDMA System is 10 ms and 
contains 15 time slots. The transmitted power is fixed for a 
given time slot. Each slot then has one PC information bit, 
which gives a PC update rate of  1500 b/s. Each PC command 
increases or decreases the transmitted power level by a fixed 
value of around 1 dB, according to Algorithm 1 or 2 of [SI. In 
this work, the power update step size is always equal to 1 dB. 
We studied Adaptive-Step Power Control for WCDMA in [9]. 

Fast PC is made by the OS1 model (PHYsical) Layer I .  
Outer-loop PC is realized by Layer 3 RRC (Radio Resource 
Control). The outer loop PC update frequency is 10-100 Hz 
([2]). RRC can also make the data rate selection. 

Data rates and SIR thresholds 
In WCDMA System, different data rates can be used ([SI). 

In our simulation, we considered the uplink data rates of the 
DPCH (Dedicated Physical Channel), rewritten in Table 1 .  The 
threshold of E/,/No corresponding to a given BER is 
theoretically independent of  the data rate. In WCDMA system, / 
the energy of the pilot bits is more important for high data rates 
than for smaller rates. This leads to easier demodulation, and 
then smaller Eh/& thresholds, for higher data rates than for 
smaller data rates. 
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(Kbitds)  [ (dB) [ (real values) 
15 1 7 1  0.015 

For a given BER, the value of the E,,/No threshold is a 
function of many factors: modulation, coding, average mobile 
speed, radio channel details (multipath, etc), receiver type, 
antenna type and diversity and other operating environment 
parameters. In our simulation we ~ised the values of Table 1 for 
E,INo thresholds. According to what is said above for 
WCDMA, these values decrease when the data rates increase. 
Formula (3) is then used for the computation of the SIR 
threshold for the different data rates (and thus the different 
spreading factors). Results of this paper still hold for different 
values of EhINo thresholds, and even for time-varying Eh/No 
thresholds, e.g., as a result of outer-loop PC. 

The association of data rate selection and power control has 
many advantages: one of these is the possibility of choosing 
the highest data rate that has an achievable SIR threshold. This 
choice can be updated according to the network parameters 
(and. specifically, saturation) for communication services 
where it is possible. 

(dB) 
-1 8.2 

30 
60 
120 

6 . 0.023 -16.4 
6 0.047 -13.3 
5 0.075 -1  1.2 

240 I 5 1  0.15 I -8.2 
480 I 4 1  0.24 I -6.2 
960 3 1  0.38 I -4.2 

Table 1 .  WCDMA data rates. The thresholds for &/No used in our 
simulation and corresponding signal-to-interference ratios are also 
given. 

In the remainder of this paper, we consider that all the 
communications can at any instant have one of the data rates of 
Table I ,  Rate 0 (i.e., no transmission) is also possible. This 
could be the case for Internet-style communication. Obviously, 
in real networks, some services will have a fixed rate or a 
mandatory minimal data rate i n  addition to transmission delay 
constraint: this is, for example, the case of voice transmission. 
However, the computation of the maximal sum of data rates, 
with the hypothesis we consider, can be useful for a general 
wireless multimedia CDMA system. 

IV. Power control and rate selection 

Power control is .a part of the radio resource control in a 
CDMA system. Association of the power control and the base 
station selection is studied in [l 01. 

The association of the processes of power control and data 
rate selection can be made by choosing simultaneously and 
according to a given criterion the transmitted power and the 
data rate for each transmitter (mobile or base station). These 

choices can be made by a centralized or a distributed 
algorithm. 

The Selective Power Control (SPC) Algorithm proposed in 
[ 5 ]  is a generalization of the power control algorithm known as 
Distributed Power Control (DPC) of [ I  I ]  and [12]. The SPC 
tries to maximize the sum of data rates with minimal energy 
consumption. It is an iterative distributed algorithm. 

This iterative algorithm is applied for a fixed set of 
mobiles, its application being assumed fast enough to consider 
the mobile set and geographical positions all fixed (snapshot). 
The transmitted power of mobile i at instant v is noted pI'"', 
where the time index is v.  Its received SIR is noted y,(v). The 
maximum (resp. minimum) transmitted power is PMtu (resp. 
PILIIII). Each transmitter data rate and transmitted power is 
computed, iteratively, as follows. Starting from an arbitrary 
initial transmitted power vector P'O', the next iteration 
transmitted power is determined by: 

where ( E )  is the indicator function of the event E. The data rate 
of mobile i, at convergence (or at any instant v )  is noted 
rj,fc/eL--j(v), where index-i(v) is given by: 

One can note that Eq. (4) considers that mobile i may be the 
only one to update its power and data rate at a given step; the 
SPC is a completely distributed algorithm. Data rate 0 (no 
transmission) is selected if no transmitted power can be used. 

In this paper, we consider the application of the SPC in the 
environment of WCDMA. The data rates of Section 111 are 
used. The SPC is a quality-based power control, i.e., power 
control update information is based on estimated received 
quality. In WCDMA System, one information bit is allocated 
for the update of the transmitted power, at each power control 
step. Combined power control and rate selection in WCDMA 
could be achieved in the RRC layer in WCDMA radio protocol 
architecture. 

V. Simulation results 

This section contains the simulation results. Numerical 
hypothesis of the simulated system model for the mobile 
network are now given. The sum of data rates per cell is 
evaluated in simulation and compared to the same parameter in 
the Stepwise Removal Algorithm (SRA) of [ l  11. 

The SRA applies for a fixed data rate system, in our case 
240 kb/s, which is equivalent to an SIR threshold q, = 0.15 
(see Table 1).  The SRA is distributed and iterative. The power 
update formula is: 
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Communications are removed until all these remaining achieve 
their SIR. The data rates (all equal in the case of SRA) of the 
remaining conlniunications are added in order to have the total 
throughput. 

A fairly simple simulation model is used in order to 
illustrate the conclusions of this paper. A CDMA system with 
25 base stations ( 5x5 ) is considered. The base stations are 
placed on a rectangular grid. The side of the average square 
cell is 200m. Mobiles are uniformly distributed. The link gain 
between niobilej and base i is modeled as gij = c,, 1 djj where 
coefficient c, corresponds to obstacles (shadow fading) and d, 
is the mobile-to-base distance. Coefficient c,, is a zero-mean 
log-normal random variable whose standard deviation is 
o=6dB. Average values are evaluated by Monte Carlo 
simulations for 500 independent configurations (mobiles 
di stributjons). 

Class 3 mobile stations are considered. The maximum 
transmitted power is 24 dBni (0.25 Watt) and the minimum 
transmitted power is -50 dBm as specified in [13]. The 
receiver thermal noise for the base stations is -103 dBni. A 
receiver thermal noise is considered in order to have absolute 
values for transmitted powers computed by the PC algorithms 
(see Formula ( I ) ) .  The initial transmitted powers of the 
algorithms have a random value between the minimum value 
and IOYn of the (real) value of the maximum transmitted 
power. A perfect estimation of the received SIR is assumed. 

The admission control is not addressed in this work, i.e., an 
‘admit-all’ policy is considered. The two algorithms considered 
can converge to data rate zero when needed, which is a sort of 
admission control. The association of the proposed algorithm 
with an admission control policy is an interesting topic of 
research. This would, for example, allow the presence of 
niinimuni data rate services such as voice services. 

We consider a simulation with fixed-position mobiles 
(snapshot configuration). The convergence of the algorithms is 
assumed to be fast.enough with regard to the variation of the 
radio channel to use this condition. After thirty iterations, the 
values computed by the iterative algorithms used are almost 
definitive (see below). Given that one iteration corresponds to 
one time slot ( I O  nis 115) and that the coherence time of the 
radio channel is of the order of 100 ms, we can assume the 
snapshot hypothesis. 

According to (3) and (4), data rate zero would lead to a 
transmitted power equal to zero also, which would not allow a 
fiirther change of this transmitted power (see update formula 
(4)). The use of a minimal (non-null) transmitted power, as 
noted above, eliminates this problem. 

I 
i l I /  -4 

~ - 

11 12 13 14 15 16 
OUU 

10 
Average number of mobiles per cell 

Fig. 2. Sum of the data rates in a cell as a function of the average 
number of mobiles per cell for the SRA (Stepwise Removal 
Algorithm). 

Figure 2 shows the sum of the data rates in a cell as a 
function of the average number of mobiles per cell for the 
SRA. The values of the data rates after 100 iterations are used 
for the computation of the average sum. At this point, they ai-e 
sufficiently convergent. Figure 3 shows the same average 
values for the SPC Algorithm. 

We notice in Figure 2 that, in the case of SRA, the average 
sum of data rates per cell is the same when the number of 
mobiles per cell changes. This means that (for the high data 
rates considered) only some mobiles are allowed to transmit 
while the others are silent. In our case, only 3 or 4 mobiles. i n  
each cell, can transmit at 240 kbis. 

Fig. 3. Sum of the data rates in a cell as a function of the average 
number of mobiles per cell for the SPC Algorithm: the association of 
data rate selection and power control leads to a clearly greater sun of 
data rates per cell. 
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Figures 2 and 3 show that the association of data rate 
selection and power control leads to a clearly greater sum of 
data rates per cell. In addition, this latter value is no longer 
fixed whcn the number of mobiles increases. Having different 
possible data rates allows greater flexibility. The SPC works in 
a way such that smaller data rates are used, when needed, in 
addition to large values which are used whenever it is possible. 
This allows a higher sum of data rates per cell, a sum that 
increases when the number of mobiles per cell increases. 

The sum of the data rates is plotted for one configuration in 
Fig.4 for the SPC Algorithm. The total number of niobiles is 
325 (or 1 3  per cell). Convergence is almost complete after 10 
iterations. For a relatively greater number of mobiles (20 or 25 
mobiles per cell), the number of iterations for convergence 
remains smaller than 30. We verify that the snapshot 
hypothesis can be assumed with a good approximation. 

VI. Conclusions 

I n  this paper, we have studied the association of power 
control and data rate selection in a cellulai- CDMA network. 
This was done for a specific environment, where different data 
rates. including data rate zero, can be used, which is a 
restrictive hypothesis. This is, for example, the case for 
Intelnet comniunications. The coniputation of the maximal 
sum of data rates can be useful for any general wireless 
multimedia CDM A system 

Kb'ts's 
Evolution of the averaae sum of data rates Der cell 

0 10 20 30 40 50 60 70 80 90 100 
Iteration step 

Fig. 4. Sum of the data rates per cell as a function of the number 
of' itei-ations. plotted for the SPC Algorithm. The total number of 
mobiles in the simulated area is 325. 

The criterion of optimisation is the instantaneous sum of 
data ratcs. We notice that this sum has practically a fixed value 
for a fixed data rate environment, when the number of 
demanding (but not necessarily served) mobiles increases. An 
algorithm with different possible data rates allows greater 
flexibility. The association of power control and data rate 
selection works in a way such that smaller data rates are used, 

when needed, in addition to large values which are used 
whenever it is possible. With UMTS parameters, the 
convergence o f  the iterative algorithm is fast enough to 
consider that the radio channel is non variable during one data 
rates values convergence time. 

The association of the algorithm studied with an admission 
control policy is an interesting topic of research. This would, 
for example, allow the presence of minimum data rate services 
such as voice transmission. Results of this work can also be 
used for scheduling policy studies 
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