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Chulalon

Abstract . _

This. paper presents a modified version of
Constrained . Second-Order Power Control (CSOPC)
a!]gorlthm with Quadratic Equation link qam estimation
added. The purpose .of the modified dlgorithm 1s to
reduce outape probability in DS-CDMA cellular mobile
communication system. The simulation results show that
the proposed dlgorithm can improve the  system
Performance compared to the CSOPC and Signal. to
nterference Ratio (‘SIR) - based Pulse Code ModUlation
E&W tPi%wer control “at the same number of power

Kex/lwords: Power Control, Link Gain Estimation,
CDMA

1. Introduction

In the uplink of a DS-CDMA system, _the
requirement for power control is the most Serious. The
power control problem arises because of the multiple
access interference. All Mobile Stations (MSs) in a DS-

DMA s%/stem transmit the message by using the same

bandwidth at the same time and therefore MSS interfere
with one another. Due to_the gropagatlon mechanism
the sqnal received by the Base Statiori (BS) from an.MS
close to the BS will e stronger than the signal received
from_another MS. located at"the cell boundary. Hence,
the distant MSs will be dominated by the close™MS. This
Is called the near-far effect. A solution to this problem is
power control, which attempts to achieve a constant
received Signal to Interference Ratio (rSIR) for each MS.
Therefore, the performance of the Transmitter Power
Contro| (TPC) Is one of the several dependent factors
when deciding on the capacity of a DS-CDMA system.,

In this paper, combining’ CSOPC and the link gain
estimation ~ method usm% a (Quadratic equation” s
proposed. CSOPC can iterate transmitted power to
converge to a desired power, pd However, in real
system, Ra |6I%_h fading is a main factor that causes
outage probability of the system high, Thus, in this
paper, link gain “estimation “method usmg a_ (uadratic
equation, Is. proposed to reduce outage probability of the
system which I1s mostly affected by Rayleigh fadln?.
Quadratic equation link gain equation was used due fo
Its rather low computatiorial complexity.

Facult:}/ of Engineering,
kok 10330, Thatland
. E-mail: watit@ee.eng.chula.ac.th

2 Previous Power Control Schemes

21_PCMPC [] -

This scheme is an_SIR-based multi-bit PC. The BS
measures received SIR, compares with the desired SIR
then generate a power control command (cmd) accordmg
to thé error between received SIR and desired SIR an
sends this cmd to the MS as shown m_Flﬂure, 1 PH(Y) I
the transmitted power of the MS, G(t) is the link gain of
the reverse link and I(t} Is the interference power fiom all
other MSs In the system. The control mode  of this
scheme IS defined as follows. Given Is a gosmve
Integer, q=err/p where p is the power control step size
err 1s the difference between desired SIR and received
SIR, then cmd Is given by

-N, g>«-0.5
emd =4 05—<f —n+05<gq< -05 (1)

where | -J is the floor function, i, if Lis the largest
Integer less than or equal t0 x, |.xj= 1.

Desired Level
Power
D|(dB)
oived SIR (dB) m; ; l - ntrol
> o N
s/ and
i
J e —
1) (dB)
(%‘ G (dB)

| Detector |
Mabile Station |

Figure L Block diagram of the SIR-based PCM power
control scheme.

When the MS receives cmd, Pi(t) is updated by an
amount of and -p .


mailto:watit@ee.eng.chula.ac.th

2.2 Centralized PC [2] _ ,
. Centralized PC assumes that all information about all
link gains is available and in one steF, the maximum

achievable SIR level can be computed. In fact, let
0 A2 ., ..,
Al - 2
AN e, 0

where aji=cijicji, cji IS link gain between BS of the ith
T PO

p { e' } 9
P

where Pi is the transmitted power of the itvMS, N is the
number of MSs in the system _

The largest achievable SIR level of the syssegn Y is
related to the matrix, A bZ Yy 1A wherg A" IS the
largest real eigenvalue of matrix A The optimal power
vector, p*, achieving this maximum level is given by
eigenvector corr_espondmg to X. Thus, the power
control_problem is reduced to eigenvalue groblem. The
main limitation of this scheme” Is the fact that it is
centralized. The information of all other MSs has to be
available to compute the power for a glven i MS. From
a practical point of view, as the number of MSs grows,
this scheme becomes computationally costly.

In feasible system [2] (y1<7 ) where s the

desired SIR level, the power vector that makes SIR of
all MSs equal to the desired SIR Tevel 1s [3]

pl=1yl- A}-Ul ()
Wwhere = ;15 hackground noise

2.3 CSOPC [3% _ N

CSOPC can compute desired power Pd distributively.
This scheme is an Iterative procedure to achieve pd. It
has faster convergence speed compared to DCPC [4],
The scheme was developed by applying the successive
overrelaxation iterative method [5] 0 the power control
problem. The transmitted power adjustment made by the
IMS at the (t+Td)htime Instant is"given by
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p'r"  =minjpn,,maxjo, co-y PJ)+@a- ()21 (5)

p(+T()  _ i}

where =1, 2, ..., M, pmais the maximum transmitted
power of the MS, s relaxation factor, y.n)is SIR of the

i MS at m iterations, y]is desired SIR, @ is a
decreasing sequence. The following sequence was used

(1 =1,2, . M (6)

TTH

24 Int_eIhqentCIosed-Loog PC Lﬂ .
Intelligent Closed-Loop PC scheme is a fixed-step
power control that does not take power control threshold
Into account when making its power control decision, but
uses link gain estimation method at the BS for
(tjheetel\r/lr%lsnmg he adjustment of the transmitted power of

K _ 2+ o1n F 1+ dNek 1)- (7)

where the coefficients, ~ak\ ci\and

estimated from

awk), dft

Gkl = aw+aw{k) taRk)2
G = aR+a\K(k-\) + aXJ(k-\y ©
Gjk = awy+a\K)(k-2) + aNk\ k- 2¥

kis the time_index_of loop delay, e.g. k-2, k-1 and k are
refered o t-2Td, t-Td and't respectively, where t is time
and Td is a period of loop delay [1], Each MS can gither
Increase or decrease the power Dy one step size (fixed-
step). Hence there will be 2N possible sets of power
confrol command (c_md()j for N MSs in a cell. For each
cmd set, the transmitted power of the MS for the next
period can be evaluated. Together with the estimated

Gatl), SIR.k+' can be calculated. The BS can then

choose an appropriate cmd set that satisfies algorithm
with certain decision rules.

3. Proposed scheme . ,

The propgsed scheme is a modified version of CSOPC
algorithm with Quadratic Equation link gain_estimation
added. In real system, link dain is time-Varying. In [3],
the BS uses the’current-timé’ link gain, G(t{ t0"compute

R level for calculating, next-timetransmitted power of
the MS, Pt(t+Td), with"its value converging to pat) by
CSQPC in fi,uatlon_(S)._ , _ _ _

Because link gain’is time-varying, pd is also - time-
varying, thus, Equation (4) becomés



P0=[y I - Aif]- ©)

The error will occur because pd? Is according to link
ain G(t) but the MS waill transmit power at time t+Td.
owever, link gam that_should be used to update the

Power at_time t+7d, is G(t+Td) which is not,accordl_ng
0 pd(t). The transmitted_power’ that is according to Jin

gam t+7d) is Pdt+Td). The method to “achigve
dt+Td) is to estimate link gain at time t+Td,

Gu+Tcl), by Quadratic Equations (7) and  (8),

calculate estimated SIR, f(t+Td) and  modify
Equation (5) of CSOPC as

p'r" =minflylm,mexjo, ©] * p. <o corp
IrTM: MFI

pri* =p) %)

where n=l, 2, ..., M, and computed transmitted power,
Pt(t+Td), of the MS distributively with its" value

converging to Pd(t +Td) IA(t +T7d), where
P (t+Td) IAG +7d)= [-1-+ (/ +Td)Y (I

y

In PITQ iterations are performed on average to calculate
Pt(t+Td). To obtain. power control command bt
transmitted power of fime t+Td. Pt(t+Td), is devided by
transmitted power of time t Pt(t), then this value is
quantized to obtain power control command (cmd) of P
bits. The BS sends ¢md to the MS, the MS updates
transmitted power from PC command, The block
diagram of the proposed scheme is shown in Figure 2

I(1+Ut)

Modulated
Signal [ Power ' Fading Link gain SIR
Multiplie  1* Channe * H predictor lmmy Estimato «

Solving

SR ["Jt+Td) Mt+Td
" Measure
using CSOPC

Zn
PJt+Td)

m

Quantization
Scaler

Mobile station Base station

Figure 2. Block diagram of multi-bit constrained
second-order power control and quadratic equation link
gain estimation scheme.

I(t) is the interference power from all other MSs in the

system, V(1) is back%round noise. To obtain cmd in
practice, upper boundary, Qrex and lower boundary,
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(%rij]lof quantization must be defined. If cmd has P bits,
then there are 2P cmd’s and step size between two

adjacent cmd’s is 6rx- <A, . This cmd was sent to the
2 -
MS to update its transmitied POWer.

4. Simulation Model o _

In simulations, only the reverse links in 19 cells in a
DS-CDMA cellylar mobile radio system were considered

. The MSs in these 19 cells”were assumed to be
randomly located with uniform distribution and with the
same number of MSs, Nu, in all BSs, The radio signal at
time t in the uplink of the center cell was assumed to be
attenuated b¥ a channel gain G(t) containing long-term
fadln?, denoted hy L(t%, which describes the”local” mean
S|%na power, and"short-term fading, denoted by (t). [7]
which accounts for multipath fading. Given a transitted
power of MS as Pt(t), the received power at the BS B(t)
can be obtained by

B(t)=Pt(t).G(t)=Pt(t).L(t).S(t) (12)
The Iong-tleSrm fading L(t) is a function as shown in

Equation(13),

L{t) =K -ra\0>* (13)

where Kis a constant, r is the distance between the BS
and the MS, a i called the path loss exponent, A is a
normal-distributed random variable with zero mean and

variance (71 . In simulations, let K=, oc=4 and GL=8 [8].

The short-term fadin? set) IS also a function with
probability - density  function being Rayleigh
distribution as shown in Equation (14},

for 0<r <
for r<0 (14)

where r is the amplitude_of the received signal, . is the
local mean power. In simulations, carrier” frequency Is
800. MHz, "progessing gain is 128, maximum “and
minimym transmitted power from MS 1s 1and 105 watf,
respectlvel¥, background. noise is 10"D watt. In this
Pa er, OU a_(lle probability is used as performance
ndicator.  The ~ outage ~ probability for a given

communication link i, denoted by - . , defined as

i fern
= Prhs/" < SIR"f (15)

where SIRjis the average SIR of the uplink i and SIRQs

the minimum SIR required to achieve a desired bit error
Tate The outage probability for the system, denoted by p0

= — eX
"Ui g0 PLope



Is defined as the average outage probability over all the
|n cell links located in"different positions “of the center
ell. R s given by

p«:j2jx bo' = I <S|R*} (1

SIR can be expressed in terms of EN/10as
R=ju. (V)

where ED is the energy per information bit, 105 the
Interference. power ger hertz, R_Is the information bit
rate and  is the channel bandwrdth In simulation, it IS
assumed that required performance in terms of the bit
error Jate is less than 103, thus ER10 should be far er
than 7 dB, using spread spectrum loror:essrng Bgarn
=128 then the minimur required SIRO

A total of 500 simulation cycles was executed in the
study. The number of observation periods in each
simulation cycle is 600, where the measured data was
collected_from “the ast 400 observation periods o
evaluate R).

) Srmulatron Results

Fiqure 3 shows outage probability of PCMPC
CSOPC and the proposed PC ‘scheme ds a function of
desired SIR when the number of MSs = 12 in all BSs,
Qux=2, onj, =0.6 and PC hits = 5 its, The minimum
value of outaeprobabrlr of CSOPC, PCMPC and the
ropose PC schemes are 9.96x10'\ 1.22x102 and
4.95x10'3respectively, at desired SIR = -11 dB.

The proposed PC ‘scheme has outage probabrht less
than CSOPC and PCMPC at most casé of the number of
MSs as illustrated in Figure 4. when Desired SIR = -11

_Qmax2, Qmin=0.6 and PC bits=5hils.

To obtain cmd of the proposed PC scheme,
I:p propriate number of PC bits should be investigated.

gure 5 shows outage grobabrh of three algonthms a

unctions of the number of PC hits. The résults show
that the sufficient PC bits is 5 hits for the proposed PC
scheme The proposed PC scheme 'has system
performance suBenor to CSOPC at most case of the
number of PC Dits and suRenor to PCMPC when the
number of PC bits is more t

Figure 6 eprct Outage Tprobabrhty of the proposed
PC scheme as a function” of Qmax Tte optimal value of
gg]br Is 2. From Figure 7, the optimal vaIue of Qmll is

In Fiqure 8, robabrlr density function é df?
recerved IR s sfiown. Th proposéd PC has the
recerve SIR hrlgI er at esrred SIR and narrower than
SOPC and PCMPC, mdrcatrng that the received SIR of
the proposed PC Is [ess variable.

an |
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6. Conclusion

The results show that the proposed PC scheme gives
system performance which_is° measured by oltage
robabrh %/] better than CSOPC and PCMPC at most case
the number of MSs and_desired SIR when the number
of PC bits is more than 1 To obtain cmd of the proposed
PC, the optimal value of Qna and Qminare inv strgated
which are found to be 2 and 0.6 respectively. The s stem
reliability of the proposed PC, which |s measure ’% Fp df
of received SIR, is superior to CSOPC and
Thus, when using the number of PC bits more than 1, the
proposed PC scheme. IS shown 10 be an effective
glgsrt)errrt]t;m incontrolling power in the DS-CDMA
)}
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Frgure 3. Outage probabrlrty of CSOPC PCMPC and
the proposed PC & a function of the desired SIR, given
that'the number of PC bits=5, the number of MSs=12,
Qmax=2 and Qm,=0.6.

bbx

Frgure4 Outa%e probabrlrty of CSOPC, PCMPC and

thé p roRose PC 4 a function of the number of MSs,
ven that the number of PC hits=5, the desired SIR=
-1 1dB. Qmx=2 and Q]l,,:06

o

Frgure 5. Outage probabrlrty of CSOPC PCMPC and

the proRosed a a function of the number of PC bt
ivell that the number of MSs=12, the desired SIR=
-11dB. Q=2 and Q L10.6.

Frlqure . Outage 1probabrlr of the proposed PC when
= as a function of Qe
ven that the desrred SIR=-11dB, the number o
Ss=12 and the number of PC bits—5.

Frgure 7 Out 8e probabrlrty of the proposed PC when

n’as a function of %m]]igrven
that the desrred SIR-l dB, the number of M and
the number of PC hits=5.

'+,,'

......

F ure8 Probabilit densr functron( f)of CSOPC,

MPC and the propose function of the
recerved SIR (dB), grven that the number of MSs=12, the
desired SIR=-11"dB, the number of PC hits=5, Qnx=2
and Qmm=0,6.
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