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_ Abstract—in this paper, a fully distributed power control algo-  to provide an estimate of the interference to update the power.
rithm (PCA) based on the minimum mean-squared error (MMSE)  |n addition the channel gain of the desired user needs to be
receiver is introduced. We study the convergence of the signal to in- estimated. The PCA proposed in this paper does not require

terference plus noise ratio (SINR) and the total transmitted power K led f the interf d by oth Indeed
and we compare, in terms of the capacity, the performance of a NOWIEAge O the INENIErence caused Dy omer users. inaeed,

systemin which the proposed PCA has been implemented and com-Only one parameter which includes the channel gain of the
pared with a system with perfect power control. We show that ca- desired user needs to be estimated. Additionally, in contrast
pacity improvement of the order of 20% is obtained by using the tg the algorithms presented in [4] and [7], the proposed PCA
proposed PCA. does not require the use of pilot symbols if a constant envelope
modulation is used. The PCA's presented in this paper and the

. INTRODUCTION ones presented in [4] and [7] converge to the same transmitted

HE MAIN reason for using power control in a convenfower solution.

tional receiver based DS-CDMA system is to combat the
near—far problem which occurs when an undesired user’s signal Il. FULLY DISTRIBUTED POWER CONTROL ALGORITHM
overpowers the desired user's signal. The Minimum Mean For theith user,SINR; at the output of the MMSE filter is
Square Error (MMSE) receivers, which have been presentggden in [3] as
in [1]-[3], and others, are known to be near—far resistant but

power control can still be used to reduce multiuser interference, pih; afIci|2

increase the system capacity, compensate for channel loss, as SINR; = T2 5 (o H 1)
well as to minimize the transmitted power and hence prolong |(ai I)| +2o (ai ai)

the battery life. wherep; is the transmitted poweg; is the spreading of user

As shown in [1], the MMSE receiver can achieve many afwith a periodNV; k;; is the channel gain of userto the as-
the performance levels of other multi-user receivers without teg&yned base station of uses,; is the filter coefficient vector that
need for side information like user sequences, clock offsets, agistrespond to théth user;] is the multiple access interference
the received powers of all the interfering signals. This receivpfesent in the received signal; andlis the noise variance. For
offers a strong potential for capacity improvement over a cothe ith user, define the desired MMSBIMSE;) as the value
ventional receiver-based CDMA system. of the MMSE which corresponds to the desired SINSRNR;).

Since the MMSE receiver is near—far resistant, one can iMhe relation betweefINR; andMMSE; is given in [3] as
crease the transmitted power of a user experiencing a low SINR
without having a major effect on other CDMA users. Likewise, SINR,; = - @)
one can decrease the transmitted power of a user enjoying a high MMSE;

SINR to conserve battery life and to decrease adjacent cell 'ﬁie MMSE,; is obtained by the Wiener solution for the tap

terference for other cells. ) i weights as described in [8], [1]-[3]. For tkh user, the\IMSE;
The power control algorithm (PCA) proposed in [4] USe] yiven by

measurements of the mean-squared error (MSE) which require

knowledge of the actual transmitted symbols. This makes it MMSE; =1 — /p; hi;allc; (3)

hard to implement in a fading channel since in deep fades the

symbol estimates out of the decision device of the receivefom (3), we can write the transmitted power in terms of
are unreliable [5], [6]. Both, the power algorithms proposeMMSE, the tap weights, and the spreading sequence as follows
in this paper and the one proposed in [7], do not use the MSE 9

measurements. To implement the algorithm presented in [7], a (1 - MMSE) (4)

sample average of the output of the MMSE receiver is required b= hi; |(affci) |2

. 1) iter-
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Fig. 1. The capacity improvement due to the use of the proposed power confgj, 2. A typical SINR and total transmitted power convergence of the

algorithm as compared to the capacity of a system with perfect power contpbposed PCA algorithm with 33 users &SiNR = 10 dB.
and theoretical bound.

TABLE |
It is clear that the transmitter needs to kn@&n)f]ci) andh;; SIMULATION CAPACITY AND AVERAGE TOTAL TRANSMITTED POWERS
to update its power. The value of these terms can be calculated CORRESPONDING TCDIFFERENTSINTX REQUIREMENTS
by the receiver and then sent to the transmitter. The channel gain
estimation can be approached as follows. The transmitter sends
a pilot symbol at the beginning of each transmission period. The 1 55 6374 617
receiver uses the output of the MMSE receiver that corresponds T % 8507 206
to these pilot symbols to get a noisy estimate of the denominator

SINR(dB) | Capacity eqn. 8 | P, (simulation) | B, eqn. 10

of (5) as follows 6 38 1037.1 746
H 8 35 1453.3 869

2z = di/pi V0isai ci +n () ” 33 o —~

wheren consists of the output of the filter due to the noise and 12 31 1631.4 827
the multiuser interference and] is the data symbol. A noisy 0 ” 000 -

estimate the denominator of (5) is obtained from

Zi ’ bounds using optimal spreading sequences [9] or asymptotic
@) analysis (using large number of users and large processing gain)
[10]. To facilitate comparison for the system with perfect power
control, we assume that each user transmits with a constant
[bower of1/K the average total transmitted power obtain from
the proposed PCA. The proposed PCA based system was found
to yield on average a capacity improvement of more than 20%
aa}er the system with perfect power control. The simulated
S%%acity results, shown in Fig. 1, were obtained by varying
the number of the CDMA system users to find the maximum
number of users that can be supported by the system using a
blocking probability criterion of 0.01. Blocking is defined as a
In this section, we present some simulation results, shownsgenario in which the converged value of the SINR of any user,
Figs. 1, 2, and Table I, for a single-cell synchronous MMSE r&vas less than 98% of the desir8tiNR; so that the capacity
ceiver based DS-CDMA system using the proposed PCA. In all the system is given by the maximum number of users that
the results shown in this section, we use a normalized chanoelld be present in the system while satisfying the following
gain of 1, a processing gain of 31, a noise variance of 0.1, aperformance criterion
we set the initial transmitted power of all users to 0.1. For these
results, the power is updated every symbol. Although this is im-
practical, it reduces the simulation time and it does not have an

ffect on th It si i ideri i MY The simulation results shown in Fig. 1 are found to be in
efiect on the result Since we are not considering a ime Vary'%reement with the theoretical capacity upper bound given in

channel gain here.
To evaluate the advantage of implementing the propos@c] and [10] by

PCA, our results are compared to an MMSE receiver based
system with perfect power control as well as the theoretic

£

T

i aan‘ 2:: n)~ .
h’”|( 7 ( ) Z)| 77( ) pz(n)

The value oflz; /d;|? is sent from the receiver to the transmitte
which divides it by the last transmitted power value to fir{d).
The transmitter then uses this valuengf) to update its trans-
mitted power according to (5). Furthermore, when a const
envelope modulation is used, no pilot symbols need to be
since the value of;| is constant.

[ll. NUMERICAL RESULTS

Pr (SINR < 0.98SINR) < 0.01 (8)

1
K<N <1 + _—SINR> 9
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despite the fact that, for the results shown in this paper, shdistributed power control algorithm based on a desired MMSE

random sequences are used rather than optimal sequencesk® was proposed and was shown to yield on average a capacity

used in [9] or as asymptotic analysis using large number of usérgprovement of more than 20% over an MMSE based CDMA

and large processing gain as in [10]. system with perfect power control where all users are received
Fig. 1 shows that for a practical system as considered in thethe same power. Furthermore, the system capacity obtained

simulation study (with finite number of users and reasonabyy using the power control algorithm proposed in this paper

length of processing gain), it is possible to attain the same éa-comparable to the theoretical capacity bounds of an MMSE

pacity as the MMSE system with optimal signature sequence f8]stem using optimal sequences or asymptotic assumptions.

or that with large spreading gain [10] for a wide rang&BYR

but at the expense of transmitting more power. This is further REFERENCES
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