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## 417063421 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: Reverse Link Power Control, Link Gain, Adaptive Delta Modulation Power Control
JENJOAB VIRAPANICHAROEN: IMPROVEMENT OF REVERSE-LINK POWER CONTROL IN
DS-CDMA CELLULAR MOBILE RADIO SYSTEM. THESIS ADVISOR: ASSOC. PROF. WATIT
BENJAPOLAKUL. Ph.D. pp. 133 ISBN 974-13-0123-5.

The purpose of this thesis is to improve reverse-link power control in the DS-CDMA cellular mobile radio
system. This thesis proposes modified algorithms of Signal-to-Interference Ratio (SIR) - based Pulse Code
Modulation (PCM) power control scheme and modified Adaptive Delta Modulation (ADM) power control scheme, by
using the estimated SIR instead of the received SIR. Estimated SIR can be calculated from the estimated link gain
which is estimated by using a quadratic equation. This thesis also proposes modified algorithm of modified ADM
power control scheme by adding Short-term Fading Prediction (SFP) algorithm to its original algorithm. The purpose
of the modified algorithms is to reduce the outage probability in the system. Moreover, the modified algorithms that
use estimated SIR can further be improved by using mobile station’s transmitted power of the next control period in

calculation of estimated SIR.

The simulation models in this thesis consist of 3 models as follows: one model of 19 cells and two models of
1 cell with and without limiting transmitted power of mobile stations. It is found that the simulation results for the
model of 19 cells and model of 1 cell without limiting transmitted power of mobile stations are almost the same
except that the outage probabilities in the models of 1 cell are less than those of the model of 19 cells. The
simulation results for the models of 1 cell with and without limiting transmitted power of mobile stations are quite
similar. However, when the transmitted power of mobile stations is limited, for a given number of mobile stations, the
outage probability dramatically increases if the desired SIR level exceeds the optimum value. Moreover, the model of
1 cell with random model in generating the Rayleigh fading signal is also used in the simulation in order to compare
with that of Jakes’ model. It is found that the simulation results of both models are similar. From the simulation results
of all simulation models, for-the multi-step power control-schemes, it-is- found-that-SIR-based PCM power control
scheme + estimated SIR (improved) gives the least outage probability with the least control mode. For the fixed-step
power control schemes, it.is found that the modified ADM power control scheme + estimated SIR (improved) gives
the least outage probability, the modified ADM power control scheme + estimated SIR performs a little better than
the modified ADM power control scheme + SFP algorithm and the modified ADM power control scheme,

respectively.

Department of Electrical Engineering Student’s Signature .......cccccceeeeiiiiiii
Field of Study Electrical Engineering AQVISOr's SIgNAtUre .......covveeeeiiiiiiiiiiee e
Academic Year 2543
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0

Q = Anedurennawasdynunliiu = Efa]



Tunstdil m=1 n1suanuAaduil Nakagami azangiasuniiluniiisea
nsuATaaafsat9dl  arlduuuanansaas Jakes [5] lunisaisdnynynn

[

wiasauuLeea uwazazldanluanmnansiaan (S(t)) NANeannsi (2.4), (2.5), (2.6) Uaz

(2.7)
2 2
IS(t)| = {CZ (1) +C2(1) (2.4)
S(t)=C, (t)+ JCqy(t) (2.5)
N
m 27m V2
C,(t)=2- ZCOS(W) COS{Zﬂfdt cos(W)} +/2- cos(z) cos(2xf ,t) (2.6)
n=1
N
. 7N 27 Vs
Co)=2- ZS'”(W) COS{Zﬂ'fdt cos(W)} 7 cos(z) cos(2xf 4t) (2.7)
n=1
Tned  S(t) Aedyp aunansetsduluainidanana
C,(t) Aadrynannnsatineduludauass
C,o (1) Ae dayryradminAsasindulugdouaunnin
N Ae AwaWdneesdaaamiinanisasieunndeaniiigns lunns
AnaasuuuagldAl N =8 1asainuuuananstad Jakes ag
aNsnlszanniniauanuaLLILLee A lAAEe N =8
N'=2-((2- N)+1)
FO XV A dl o a 1 9;/
fy == — fia A9l Doppler 78 aninaReneinedu
Tae?l V  AOAINITI909ANNTARAWN NULALTNAIGILE 6-60 NA./1W.
F,  ABANNDAUINANT8IAAUNIN
C . - ABANNITILAS
WULANaR9989 - Jakes— Aldlunnairedyunnimansuiuisdaiansusidunuy
deterministic Auriuasiinag lduunsaasanaianilsndaneasiiuuuudnlunisa¥

Ay asdyonsessuusdaainaniFauneuiunan iannislduluatananas

o

Jakes g7 2.2 usmuuvAnasauuuguillunisaiedynynudanuisga  Tae
Aryrynuneanuianuuasn ATy NI uA T NEINIUINAINIDITIUAAI DALY

A =< = o A 9 a o P ~N A A o P
AIND Doppler TNNTIHALLRLAAIY DTNANTUNRATUUNTUNAIRANNADNTULAARUNHIENAN LY

'
[ 14

! v
g Ieedygniianiigldfudmiudunied i—th N o fduanfigou Aniu

=l
g
49

= » . o
AIMHDTANAAUNINUDIALY

unian f, aziAlaeuudsadu f + fcosa,, laah

f =vil=vi_/c, v RaAnuiasaniladeun, A=c/f, AeANEIIARLIEY
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A - o = = o o A N Wy
AAUNTUTBANATULUNTW, C ABAAMHLTITDILAS ’Qx’&\‘]l,ﬂmllﬂqf]ﬁqqlm Doppler @']N']ﬁ‘ﬂllﬂ'ﬂﬁ

o

VRUINUATALAUBLAUNN @, UATANEIRALATANGALEIAIIND Doppler HANVINAL + f

Gaussian x(t) Doppler h|(t)

4
4

noise > )
filter

source

Baseband in-phase channel impulse response

h(t)

in-phase and quadrature > coswct G
radio carriers siant

Gaussian y(t) h(®)

Doppler
noise > 4 X
filter

source

Baseband quadrature-phase channel impulse response

717 2.2 wuvanaasuungu ldlunisairsdnn oana AR

au

dnmualil o, AnisuanuasiuuginNesy AED Doppler AzANITUANULAIULIL

Tnla1idu uazazld Doppler power spectral density S(f) #sil

A

——

S(f)= (2.8)

Tnaf A AaANAT
ANz 2.2 delslaiNansnun Doppler Filter azlél h, (t) = x(t) waz hy (1) = y(t)
patiuaz lAdtyny I eanaeil
h(t) = x(t) cos(w,t) — y(t) sin(w,t) (2.9)

Tned x(t) waz y(t) Lﬂuﬁquﬂmjmmmmmﬂ%u uazaNNsndaw h(t) slugﬂmm

h(t) = R(t) cos(@,t + w(t)) (2.10)
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=)

1ngl

R(t) = (X* (1) + y* (1))""? (2.11)

dl = ol
BINNITUINLLINLULLLLTE R

w(t)=tan" [ Et;j (2.12)

=< a -
sﬁQNﬂW?LL@ﬂLL@QLLUU%uWﬂ?N
LL@zLﬁﬂﬁqq?qu@T@Q Doppler Filter ARl AZWLIAN h(t) ﬁgQﬂQﬁﬂ’]?LLﬂﬂLLQ\TLLUU
.
LIEIRN

[ %

. . Y o 4" ° A ~ A =~
- Link-gain (Z(t)) AAAIRARIUARINIANINEADA F1ulFFUARNIAINA9aNNANT

=

\ARUTIAeTlAN FadnnnaT (2.13)
Z@t) = L{t)-S(t) (2.13)

Tnef L(t) Ae wnsvag1een

S(t) Aa WnRvaeedu

2.1.4 dgysnnuunsngdan (Interference)
Amdumsdniiiiagans DS-CDMA azdinisiia ”ﬂ;ﬁyﬁmumﬂmm 2 uuuma N3

Lma‘ﬂmmummnmmummuﬂmm L g19r 1 LL@vﬂ”Iﬁ‘LLVIfFﬂ@’ﬂﬁLu’ﬂ\‘i’ﬁ’m'&ﬂ’] Lma@uﬂu

wadUsyn Awuald Py (r,) Aedoyoamiule

d

mmuﬁmmmmnm?m SITIaTlala NS TaN

o 4 dd ST .
A0NAAaRAN ko lmasn o o srasnag ric IuwuimLLummm"Lmzuwn@@mw
dsznaudag 19 wagq qgﬂﬁ 2.3 Aryryrnsunangeniiensiu 1 (e watts ) Aedayouno
WNINARARURAAINANTLARBUA I ARIAE Y wasaaddnaAeslusauaed 1 uas 2 tned

ANFaaNNTT (2.14)

Ko-1 K{? 12 K?

I _ZP (rk)+zzpjk(r1k)+zzpjk(r1k) (2.14)

j=1 k-1 j=1 k=1
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Tpe?

2 AoyeunnsunIngan (watts)

po))S

= [ al dll dlall Y a 1 o‘d‘
Ky Aa A uuanTtlAaeuny [MUInsag lumaanisauls

o =

KO fe amusnnibindeuiinliuinises luaadlusaniai 1

2

K@ fe drwusnnilinaeuniliiinises lumadlusauad 2
r = o = =~ o Wy N A A ol
P/ (r) Ae Avnusstesdrynianiiguiuldainanifiivdeuiiaulusadiig

aula
fo . T rmm o o
P (r;) Aa Anuussrasdtyalnaunanigiuiulianannilinaaui umadlusey
W9 1 uay 2
a : o W S—— el
r AR sraznsEnINanniguiuaniliafaeuni k Tuaanisnaula
» . 4 > o a4 dd
i Ao sravnsEdNannigwlumasnaulatuanilinaeuni k Tu

VEART j LAR lUsaLeh 1 Waz 2

® Base station

717 2.3 WiInRIABaNssULIAgA S NsENaTIANY 19 11a8
2.1.5 a g lun1sinlszansnn
1 dl o a a A n. dl a 1
AN LT NNz AnBnTnae9s U LAS Outage Probability Tetignuan
P, = Probability [ SIR N#31 < SIR Anganaaniuls]

SIR ARANERINEIUNNAITBNATY YN AN AT ANATY NN TNADA

P®)-Z()

SIR=-—" 20
1(t)

(2.15)
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|
=

Tnef P(t) nnasderesdannilin@auinnanson, Z(t) Ae link gain uaz 1(t) Ae
. o A4 dd
yryInMINAeAaINanNHiAaeuaw lusruy

o

SIR @awnmndlauldlumansas E, /1, 16698
E -1
SIR:—“(WE} (2.16)

Tna? E, Aawdsnusie 1 dadeya, |, Aanidsesdyoyoumnaanss 1 Hertz,

A o

R Asdmsinesindeyausy W Renuusisviaestesdnyyind  lunisanasuuy
sl Bit error rate wanmgaRtenFLARTIA NI 107 fadu E, /1, asfieiian
1NNI1 5 (7 dB) 81 spread spectrum processing gain W /R =128 Favuazlddn SIR
PgmzenFUlEAWiNTL 14 dB (4]

o a

2.2 JENTAIUANANAINEIUNT

221 [EmsauaNiadlagdavanaas SIR  wUuUWARlAANAALATY  (SIR-based
Pulse-Code-Modulation (PCM) Power Control)

luLnAINYea Chung-Ju Chang, Jeh-Ho Lee was Fang-Ching Ren [4] 161@1875
SIR-based Pulse-Code-Modulation (PCM) Power Control @ifunnsaauaunngsludng
danleadaunauuuy Multi-step @animaaunniinisdiuniagdeinanaisainannan SIR #

anHiguldiu U7 2.4 uansisnispauRNinaslnetinndantes SIR uuuiadinnnegiadu
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Base Station

Desired Level
D (dB) Power
Received - l
SIR (dB) / + err Control
SIR
_’®—’ Command
Measurement .
Decision
4
+ I(t) (dB)
cmd
+ Z(t) (dB)
A
Pt (t) (dB) v
Power
Transmitted cmd * p | cmd Control
Power < p |4 Command
Adjustment Detector

Mobile Station

7171 2.4 AEnsmaupNnIasIneEananaes SIR wuuWadlaanagadu [4]

dl ! =

Taaf Pt (1) = Aa@asd i mundsnananiiaaaud
Z (t) = Link gain
L(t) = Anynynnuumanaaniiesannyldan

o Y a
nalumasuasliaadngtnes

T1MB1N1T9N91
aal o o 9/&1‘ =
1. FansacuAnNindeazgnidsunsulinan fignu AuaITeIn1sAILAN T,

WINTLHATINTBNALIAINITIRT n1l3zAuinsannnnsuNsNIZANEAR LAY
nsuszacidadarnnisAinany power control command (cmd)

2. annilgIudnen SIR N0 Auean T, udaFeudientu SIR fidwuals
(Desired SIR Level) pasnai 1iuen err udageliélsdau Power control
command decision

3. Power control command decision azutlasA err luA1 cmd AANUaNN1389
pulse code modulation udadanndagnniiindaud

4. ADRLARRUNLASU cmd Tem9aadulng Power control command detector
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5. anrtmasunlsuniasdsldwingu cmd - p Tae p AeaunALes Step Size
UANNFVRIIENITAILANTIAILLUNARIAANDALATY

nsmauAnIauLiadlnanegedud miuluanismiunid  n aringuansan
cmd A9l

CMD, ={-n,-(n-1),---,-1,0,1,---,n-1,n} (2.17)

Tng n Aawaad LGN Uaz cmd € CMD, 31#1 2.5 uanenisninuaeAi cmd

(power control command)

: : i i D\ i i key zerr/p
p i i ! ot WA = i i >
é é : = ] ; ; é
-N+1/2F -n+3/2F 0 12 1/2] 320 ... | n-l2j
n n-1 ce 1 0 -1 Ce -n+1 -n

cmd

gﬂﬁ 2.5 N13N1UUARAI cmd (power control command)

dedv A dl o [ % o val 1 ad
NTUNTAAARAZAINITNANNNNTIL AU a9 URINIAN TR ﬂgqum1ﬂﬂﬂqqﬁﬁﬂqi

%

o o = [ % . dl o 0 o o
muaumm‘ﬂmmmmwm SIR Ul Fixed step HasanaINnInlIUnIAas cytymﬂm
v

o X Ny A Y 2o A ' a
ACLRLIAUL LLE”]N?J@L@ﬂm?\i‘ﬂm@ﬂs]fﬂ@']uquumsluﬂq?ﬂQUﬂNNqﬂﬂqq 1 U

222 75%'m'imuquﬁﬂﬁqmﬁ'ﬁan@?ﬁm‘hmﬂNmmwdmamsiwﬁgu (Short-term
Fading Prediction-based Power Control)

Jyh-Hong Wen, Long-Chuyuan Yeh W@y Jang-Ren Chiou [6] 1Mauels Short-
term Fading Prediction-based Power Control GiluAafinnnstlfutlgsianisaaunuing
nefananaes SR uuuiadlpnuegadudwiunsaauauidcluiedenladudy 1%

dl a ' ZJ/ ¥ ¥ QI 4? dl as]
’&’m’]ﬁ‘ﬂMWNﬂW?Lﬂ@HuLLﬂ@Qﬂﬂ\‘ILW@@\‘]@H’N’&MVL@QFWIE\‘IEI\WM gﬂ‘w 2.6 LAMNIBNITAILAN
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o o dl Y o a R o a 1 ?:/ ' d‘ v aa o o
Naen iaanasnumunanataunnnsatnedu TnaAn cmd - p Wi@@qﬂQﬁﬂW?ﬂQU@Nﬂ’]@Q

Tnegiandnaas SIR uuuWadlaanegiaduazgnaadudanesnuiiuenazename1g

41 (Short-term Fading Prediction (SFP) Algorithm)

Mobile Station

Desired Level
D (dB) Power
Received - l
SIR(dB) ~ 4+ err Control
SIR
_@—' Command
Measurement -
Decision
4
+ I(t) (dB)
cmd
+ Z(t) (dB)
A
Pt (t) (dB) A4
Power
Transmitted SEP cmd * p cmd Control
Power < Algorithm ‘ < ¢ Command
Adjustment Detector

Base Station

! i v
717 2.6 AEN19AILANNNAIN HEANEINNINUNEHATBIN AR B ENIFY [6]

v
TURNBUNITNINU

1.

ax o e o P
rJﬁﬂ'ﬁﬂQ‘]_l@3~|ﬂ']@\‘]@5QﬂIU?LLﬂ?N1QWQQWULﬂ@ﬂum ATLIRANUBINITATUAN Td

WINALNATINLBIATLLIAINNTIA T, N9 1A NNTUNINILAN AR LAY

n13ts2AilasainnisAIuans power control command (cmd)

|
[

antAReUNdAAI SIR NN AMLAN T, udanFauifiauiu SIR Anivunld
. 1 dl Y @ 1 b2 o ]
(Desired SIR Level) uafnaf oniluan err wandalilsadau Power control
command decision
Power control command decision aziiasA err LWAT cmd ANNUANNITT8Y

. v ! % =
pulse code modulation WAIANNIENANIUTIU
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4. an it Ul cmd 39msaadulng Power control command detector 4%
dseinuen cmd - p TidsdauaesdanesnuniunanarauWnaasnedi

= o O o 1o Qi o ¥ o a =R o a
5. ﬁﬂquﬂ’]uﬂﬁ‘ﬂﬂ’]ﬂﬁﬁﬁiﬂ wihrduA A ldandanesniunnuanaaunama

v
A&

UANNITUBNDANATNNVIUILNAYDIUINANIDENAY
v
aunAlENaraunafeasiadunn 1y SIR Aanmnziilun s unsuarANTUaY

P = ' | o ! | \ o =
NPINHANPINIENIWNAIRNGAUATANGIAA LULARZT9 Auanslugin 2.7

o a

LA LT NITAILANTNAILULLAN 111087 t, SIR NF5UTANINNGT Desired Level

Yo & o a '

Aeiuan g uaniAaainiL err(t) WANAT t, A1 SIR AATUALAEAININNG
Desired Level tHasannuataainagasinadis el err(t,) > 0 uazwua err(t,) = SIR(t,) -

SIR(t,) = naulasuntlasuedrn SIR 1WasAINNATBNARNEENNEY (sIp)

a ¥ e a g o a [ & a dd‘ ¥
LN@GL"II’B@ﬂﬂ’i‘VlNVI”IN']EIN'R‘II’EQW\'GWN@EI’N’NN AINNINAIUNTEUN ITNNT

v
o

AOLANTINAIULILANNWLGN err(t,) HAWY slp Astutnanndsdsmaawin err(t;) + slp

AU t, 9 i>1 azvinlien SIR N1en 1, gl Desired Level Waf
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Previous Method

4 SIR

Desired level

| | > time

SFP Algorithm

4 SIR

err(tl)=0

Desired level

| : > time

917 2.7 NANN15TBIBANBINNYIN UL HATBINAR D EIN9AL
—— RenuandAn SIR Waliiin1sAauANing

* . i { o o v
8RN SIR N1981 t, WaviNsFuAILAY

o))

o)S

0  ApAY SIR Maan t; iadaldlivinistiusd

D

917 2.8 uardANaT NN ENATaNNARNaE AT weight udaulsdaniisdan

winfu wt daduanasi AN siprweight Minwaniailasuulassanafanuuisda luumas
499 ANNNITANNA W ANTUURINIINUBY SIR TUAAANNATDUNARIULLLITARANAIT Aa-
2 =2 = , . o , , , oy , !
1 slp AdAAITszMINAIINgALAzANgegaluLsazda 1Weans ey SIR HUAIEI4A
A oI 1 1 k% dl 1 o o o aR d’l k%
WiserANga luusaz a9 avfadilasuAn slp duFudanasnuilazldagunis

v a 1R dl £ o dl 1 . 1 dll =
|err —sIp|>| k *slp| Tunssindudnfeqanaziasinnaulasudn sip vizali Tnaiileniagn
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1w Fuils weight azgninuualidawiniy 0 uazinnisdfuen sip luspudanesiu
NMUNEINATINARIREINSAY
Tuntanunsalddayaain SIR wnunslddeyaanmamsetinduinansaiiosan’d

1 ¥
siauds weight Tunnidasumaudues SIR lufluaanuduasanafaasinadu

err=cmd * p

lerr - sip| >
|k * slp|

slp = err
weight = wt

Yes

weight = 0

A

err + (slp * weight)

v
dl (2 a R o a ' ?.’/
gﬂ‘i’] 2.8 Flow chart 3a48an83NuNIUNtHNaadnnfasatiedu

2.2.3 1BNMTAILANMIAILLLLARAINAALATY (Delta Modulation Power Control)
nsaruaniIad e TanlasfiaunAuasdviaull Fixed-step  Wwaz  Multi-step
] a [ °© o 1 dl ¥ ° o 1
dwheaiunisatuanindsludae e el Tunansgiu 1S-95 anspaupningaludng
A % o @ . = v o a = a '
aanlendaunauaziiluiuy Fixed-step @ldanuauinlunisasuanines 1 Onluwsiazay

TB9NITATLAN TAFLNTNITNNIAILANINAIULLILARANE A AT

= dll dl o @ O o a | dl = Vo
AnnUARAUNNINTUSUNAYInENANTNaINAT SIR mmugmimu
aal o o Qzall a
1. fsﬁm?mu@ummﬂzgﬂiﬂmmm%mmugm ATLINANTBINITATLAN T,

WINALHNATINLBIATLLIAINITI A T, N191192A9HA4RN NN TUNINT LA AR LAY

N15U3eA9ia9aNNNTATUITL power control command
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2. anigdnA SIR YN ALAT T, wdakFaudiauiy SIR invua
(Desired SIR Level) Hasna teluan err

3. HeA" err<0, power control bit %Qﬂﬁ’mumlﬁwi’ﬁu 0 (cmd=1) wsitin err>0,
power control bit axgnAuAlyinAL 1 (cmd=-1)

= A&I dl Vo dl o

4. golraeunlasu cmd 3emsaaduing Power control command detector

5. aotmaaunUiuniasdsldvindy cmd - p

FANIWLIINIATLANNANAILLL  Multi-step Azdisc@NBNINWANIINIIAILANNNAS

. 1 % ¥ o a 1 a dl o L4
WU Fixed-step [7] usiazsiasldaruautinlunisasuaxuinnan 1 dageazyinlinuninaes

Ay nudenadiiiasananuuiindayaasiaiana

2.24 FEMTAILANAIAMULLANAINEALATULSIATLA (Adaptive Delta Modulation
Power Control) [7]

A o o of o > | . Sy oA

HUANNN9MHBUNNIATLIANNIASULILAARINDRLATULE Step Size HAnliAaniuas
gnacuRulatfinAIuAN Step Size (Step Size controller) @auiilfiflu 2 35An nisALIAN
nasiuumanNagiaduliudAdlduuuuan (Additive Adaptive Delta Modulation Power
Control Method (AADM-PC)) UaznigAdLANiIAuLLnannagaduliuslduuugm
(Multiplicative Adaptive Delta Modulation Power Control Method (MADM-PC)) gﬂﬁ 2.9

LAAIIBNITATLANANAULILIARANaRIaT 1L TUAT LA

AADM-PC

[ %

v
Heanesnulunnsiu Step Size pail

g(k) =gk =D +T e cmd(k) = cmd(k ~1) (2.18)
gk)=9g(k-2)-T Lﬁ"a cmd(k) =cmd(k —1) uaz g(k)>T (2.19)
g(k)=0 e cmd (k) zcmd(k -1) waz g(k)<T (2.20)

g(k) ARTUNIATLRY Step Size NATLLIAN K

T ifluAAINNNTUA
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MADM-PC

[ %

¥
Heanesnulunnsdu Step Size fail

g(k) =gk -1 xK h cmd(k)=cmd(k —1) (2.21)
gk)=9g((k-1)/K il cmd(k) =cmd(k —1) (2.22)

g(k) ARaLIATRY Step Size NALILIAT k

K 1iluAnmei HA1Ninnavizamwiai 1

WAANNNN2A1ABULILNLYT 78 AADM-PC LAY MADM-PC uuusddan Hifoyun
NeafuaDesN a9 Step Size AHUASATIINNIAALLAILNNAIUIDRTNNIATLANAIAT

o o 1 % [ ,éj
wuLmasNegiaduliuAl lilugen

AADM-PC

Heanesnulun1sUiy Step Size Aatl

gk)=gk-1)+T le cmd (k) =cmd(k —1) (2.23)
g(k) = Initial Step Size e cmd(k) =cemd(k —1) (2.24)

g(k) AaTRIAL8d Step Size NATLLIAN k
Initial Step Size ARIUALAY Step Size NATLINAEUFL

T A AIR NN

MADM-PC
Adanesnuluniadiy Step Size Aaid

g(k)=g(k-1)xK e cmd(k) =cmd(k —1) (2.25)
g(k) = Initial Step Size h cmd (k) =cmd(k —1) (2.26)

g(k) AaIRIATRY Step Size NALIIAN k

Initial Step Size ARIUNATRS Step Size NANLLIATFUAU
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K 1fluA1A9i HANNINnIvzaying 1

Base Station

Desired Level
D (dB)
Received R (dB - err
SIR | SIR(dB) , _+,®_> B
Measurement

4

+ I(t) (dB)
cmd
(+1s'1)

+ Z(t) (dB)

A

Pl (dB) Step size ¥

Power
- el Controller
ransmitte cmd(k) * p(k) Control
Power
p(K) Command
Adjustment i cmd(k) Detector

Mobile Station

A

317 2.9 FnsmouANmIASIULIAARINag e TuLFUAN 6 [7]

225 AEMsmruANMAILULIAasNaaaTuLsuAlaNdnIsAALLas  (Modified
Adaptive Delta Modulation Power Control)

Szu-Link Su Uaz Shinn-Shyue Shieh [7] 14lANaAENN9ALANANAIULILILAAAINE

1
vl [ %

graduiliuslgnindsdnulas ?ﬁlqﬂ?“uﬂa;\immﬂ%‘%m@mu@uﬁqﬁumuLm@mm@mﬁu
U5uA 1S uaenud R @NENINANINIEN19ALANANASLLLIAARNDAIATY AaRAIAYIN
shazidlufiasnisdegrymanmesansniiamendldviaie, o uilddmeudinlumsepauns
Wie 1 T

luusiazpurasmsnILAN aniindaufiaziinefiuan gk) mamannIaRea iy

aal [J o ol/ o 1 % 1 = o o . o dw
’]ﬁﬂ’]?ﬂ’l‘]_lV’]Nﬂ’]@ﬂLLUUL@@ﬂ’WN@@L@eﬁuﬂ?‘]_lﬂ’]iﬂ WAAzHNaNNIs N5 Step Size ANY

step size = g(k) ile cmd(k) =1 waz g(k)>1.5 (2.27)
stepsize =1.5 e cmd(k) =1 uaz g(k)<1.5 (2.28)
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stepsize=-1.5 e cmd (k)=-1 (2.29)
g(k) AerRIAT8Y Step Size finuiaan k

2.2.6 T8MsALANTIAINLIALLUAARsHE (Intelligent Closed-loop Power Control)
F.C.M. Lau tag W.M. Tam [8] /141898 Intelligent Closed-loop Power Control %I\‘l
Hunseauauindslutnedenladiaunduniy Fixed-step filaifeslds Desired Level lu
nesnaula uwiazlddayares Link gain (6) luiaaiuuazauiiiiunnlunistszanns
Link gain lupuiallifiedinlAuamen SIR umuimll udsldnglunssindulalunis

WA ecmd N idUuRNAeds 317 2.10 wansisnisraLANinAsT auudaeses

Base Station

mobile 1 mobile 1
mobile 2" Estimation and mobile 2
—> S
. Power control command
mobile n decision mobile n
—> B
+ I(t) (dB)
cmd
+ Z(t) (dB)
A
Pt (t) (dB) A4
Power
Transmitted cmd * p | emd Control
Power < p |< Command
Adjustment Detector

Mobile Station

9171 2.10 38n1gATLIANMANTIALLILIEAR3HE 8]
Tunnstsennnpn Link gain (G,) lupnudalilaznseyinlagldannismndsans
G"™ =a, +a,(k+1) +a,(k+1)? (2.30)

TneAnduilavdns a,, a,, a, awnntlszanndldann
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G =a, +a,(k) +a,(k)’ (2.31)
G =a, +a,(k-1)+a,(k-1)? (2.32)
G =a, +a,(1) +a,()? (2.33)
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190 (Modified Additive Adaptive Delta Modulation Power Control )

]
yaa 1%
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M-MADM PC + SFP 17.14 16.67 14.63 13.64 11.85 10.00
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Abstract - This paper presents modified algorithms of novel
modified Adaptive Delta Modulation (ADM) power control
scheme, by adding link gain estimation method or Short-
term Fading Prediction (SFP) algorithm to its original
algorithm. The purpose of the modified algorithms is to
reduce outage probability in DS-CDMA cellular mobile
radio system. The simulation results show that the
proposed algorithms can improve the system performance
compared to the original algorithm. Moreover, the
proposed algorithm that uses link gain estimation method
added to the original algorithm, can further be improved
by modifying the power control block diagram at the base
station. The simulation results also show that the improved
algorithm dramatically decreases the outage probabilities
compared with that of the original algorithm.

Keywords: Link gain, Reverse link power control , Adaptive
Delta Modulation power control

. INTRODUCTION

Cellular mobile radio systems have evolved from the
first generation of analog design, e.g., AMPS, to the
current second generation of digital architecture, e.g.,
Global System for Mobile communication (GSM). The
third generation, Code Division Multiple ~Access
(CDMA) scheme, has been developed mainly for
capacity reasons. Power control is an important issue in-a
CDMA cellular mobile radio system. A higher system
capacity can not be achieved for such a system unless a
power control scheme is employed in the system.

In [1], Chang, Lee and Ren proposed Signal to
Interference Ratio (SIR) - based Pulse Code Modulation
(PCM) power control scheme-which is-a kind.-of multi-
step power control. This ‘method provides better
performance than fixed-step power control. In [2], Wen,
Yeh and Chiou proposed SFP power control scheme
which is the SIR-based 'PCM power control scheme
combined with an SFP algorithm. This scheme  can
improve the system performance compared to the SIR-
based PCM power control scheme. Intelligent closed-
loop power control scheme was proposed by Lau and
Tam [3]. This scheme provides a better performance
than the conventional power control scheme with
optimum threshold but it has to perform large amount of
calculation for the whole process of the algorithm.

Su and Shieh [4] proposed the modified ADM power
control scheme which gives a better performance with
the same number of control bits compared to Delta

Modulation (DM) power control scheme. But the
modified ADM power control scheme has a problem
about the stability of step size, so the novel modified
ADM power control scheme is proposed in this paper.
The proposed algorithms in this paper, are the novel
modified ADM power control scheme combined with
SFP algorithm, and the novel modified ADM power
control scheme combined with link gain estimation
method which is a part of intelligent closed-loop power
control scheme. Moreover, the proposed algorithm that
uses link gain estimation method added to their original
algorithms, can further be improved by modifying the
power control block diagram at the base station, also
shown in this paper.

The remainder of the paper is organized as follows.
In section 2, the previous algorithms are described. In
section 3, the proposed algorithms are described. In
section 4, the system model is introduced. The
simulation results are presented in section 5, and the
conclusion appears in section 6

Il. PREVIOUS ALGORITHMS

1.1 SIR-based PCM Power Control Scheme [1]

Base Station

Power control Threshold
D (dB) Power
Received - l
SIR (dB) / + err Control
SIR — : F——>
Command
Measurement L
Decision
I(t) (dB)
cmd
+ G(t) (dB)
A
Pt (t) (dB)
Power
Transmitted cmd * p | cmd Control
Power N P e Command
Adjustment Detector
Mobile Station

Figure 1. Block diagram of the SIR-based PCM power control
scheme.



This scheme is a multi-step power control. From
Figure 1, Pt(t) is the transmitted power of the mobile
station, G(t) is the link gain on the reverse link and
I(t) is the interference power from all the other mobile
stations in the system. The base station measures
received SIR, denoted by SIR, over a power
measurement period, and compares with a power control
threshold D . The difference between SIR and D,
denoted by err, is then fed into a “Power Control
Command Decision” block. This block sends a power
control command, denoted by cmd , which is the output
from PCM power control scheme, to the mobile station
to track the variation in the link gain.

A PCM power control scheme in control mode n is
defined as the following. Given n is a positive integer,
q=err/p where p is the step size, then cmd is given

by

-n, g>n-0.5
cmd =4|05-q), -n+05<q<n-05 (1)
n, g<-n+0.5

where |. | is the floor function. If | x |=k, k is the largest
integer less than or equal to x.

When mobile station receives cmd, Pt(t) is updated
by an amount of cmd-p. The time period that the

mobile station takes for one operation of tracking,
denoted by T , is called the loop delay.

1.2 SFP Power Control Scheme [2]

This scheme is a multi-step power control, which is
the same as SIR-based PCM power control scheme
except that there is an extra SFP algorithm implemented
in each mobile station, as shown in Figure 2.

Pt (t) (dB) *
Power
Transmitted SFP cmd * p cmd Control
le—
Power Algorithm Command
Adjustment Detector
Mobile Station

Figure 2. Block diagram of SFP power control scheme at the base
station.

In Figure 3, a hollow circle represents an expected
location of the received SIR after power control which is
the power control threshold, whereas a solid circle
represents the real location when using the SIR-based
PCM power control scheme and a cross represents the
short-term fading effect. At first, the SIR-based PCM
power control scheme is considered. At t,, the received
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SIR is larger than the threshold, thus err(t;) >0 and the

mobile station decreases the transmitting power by the
amount of err(t,) . Since the short-term fading is varied

during the interval [ty,t;], the real location at t; is
larger than the threshold, thus err(t;) >0. Moreover,
err(t;) is equal to the difference between the cross at
to and the cross at t;. The real locations at t,,t;, etc.,
are still larger than the threshold, as explained at t; .

4 SIR

err(tl)=slp

err(t0) J_f

30 600—-

Threshold

—
t0 t1 t2 t3 time
Figure 3. Basic concept of the SFP algorithm.

If the SFP algorithm is considered, the result is
different. Let the variation of short-term fading curve
between t, and t; be slp, from the discussion in the

previous scheme, err(t;) is equal to slp. Therefore, if

transmitting power is decreased by the amount of
err(t;)+slp at t; for i>1, then it results that real

location at t;,; is equal to the expected location.
slp = err

Yes
ight = wt
Welo err=cmd *p
Ye No
k *slp

No

err+slp*weight

i A

Figure 4. Flow chart of SFP algorithm.

The flow chart of SFP algorithm is shown in Figure 4.
In this algorithm, weight is a variable and wt is a

constant. The quantity slp-weight is the slope used to

predict the variation of short-term fading during this
period. The variable weight is used to convert the

received SIR slope into the short-term fading slope. It is
assumed that the slope of short-term fading curve is
constant during the interval between adjacent local
highest and local lowest points. Each time the short-term
fading curve passes through a local peak point, the slope
should be changed. In the algorithm, the decision rule

|err —slp| > |k -slp| is used to estimate the reverse point
of short-term fading curve.



11.3 Intelligent Closed-loop Power Control Scheme [3]

Intelligent closed-loop power control scheme is a
fixed-step power control that does not take power control
threshold into account when making its power control
decision, and uses link gain estimation method at the
base station (Figure 5).

Base Station

mobile 1 mobile 1
»
mobile 2 Estimation and mobile 2
—>
. Power control command .
mobile N decision mobile N

v

Figure 5. Block diagram of intelligent closed-loop power control
scheme at the base station.

G; is the link gain for user i . Based on the measured
G; over the current and past periods, G; of the next
period can be estimated by using the quadratic equation.

Gi(m+l) _ a(()m) + afm) (k+1)+ aém) (k+2) 2 (2)

where the coefficients ag', a;"and aj' are estimated
from
G™ = af™ +a(™ (k) +af" (k)?

GV —al™ +al™ (k-1)+al™ (k-1)°

" =al™ +al™ @) +al™ (1)2

and k is the number of power control periods used for
estimation. For each user, the maobile station can either
increase or decrease the power by one step size (fixed-
step). Hence there will be 2N possible sets of power
control command (cmd ) for N users in a cell. For each
cmd set, the transmitted power of the mobile station for
the next period can be evaluated. Together with the

estimated G{™® , SIR{™?" can be calculated. Based on

the SIR(™Y the base station can now choose an

appropriate cmd _set -that satisfies a-certain decision
rules.

1.4 Modified ADM Power Control Scheme [4]

At first, the ADM power control scheme is
considered. The basic idea of ADM power control
scheme is the same as DM power control scheme (fixed-
step power control) except that the step size is not fixed
but varied and controlled by the step size controller at
the mobile station (Figure 6).

124

|
Pt (t) (dB) Step size *
Power
. Controller
Transmitted cmd(k) * p(k) <—‘ Control
Power < p(K) [ Command
Adjustment cmd(k) Detector
Mobile Station

Figure 6. Block diagram of ADM power control scheme at the mobile
station.

The step size controller shall carry out the following
adjustment algorithm.
p(k)=pk-)xK if cmd(k)=cmd(k-1)
p(k) = p(k-1)/K if cmd(k)=cmd(k-1)
where K is a designed constant larger than 1.

However, the pure ADM power control scheme is not
better than DM power control scheme but the modified
ADM power control scheme gives a better performance
than DM power control scheme.

For the modified ADM power control scheme, the
mobile station calculates p(k) according to the same
rule as ADM power control scheme in each update
period. However, when the mobile station receives a
power-up command, it will increase its transmitting
power by p(k) dB if p(k)>1.5 dB or by 1.5 dB if

p(k)<1.5 dB. When it receives a power-down

command, the mobile station shall ignore the value of
p(k) and decrease its transmitted power by a fixed-step

size of 1.5 dB.
1.5 Novel Modified ADM Power Control Scheme

This scheme is proposed in this paper. From the
simulation results, it is found that the modified ADM
power control scheme has a problem about the stability
of step size. Consequently, the novel modified ADM
power control scheme is proposed to solve this problem.
This scheme differs a little from the modified ADM
power control scheme at the adjustment algorithm in step
size controller, as follows.

p(k)=pkk -)xK if cmd(k)=cmd(k-1)

p(k) = p(0) if  cmd(k) =#cmd(k —-1)
where K “is‘a designed constant larger than 1, p(0) is
the initial step size.



I1. PROPOSED ALGORITHMS

1.1 Novel Modified ADM Power Control Scheme
Combined with Link Gain Estimation Method
(Proposed Algorithm 1)

This scheme is a fixed-step power control (Figure 7),
which is the same as the novel modified ADM power
control scheme except that SIR used to compare with a
power control threshold at the base station, is estimated
SIR instead of received SIR. Estimated SIR can be
calculated by using link gain of the next period instead
of current period. Link gain of the next period can be
estimated by using link gain estimation method from
intelligent closed-loop power control scheme.

[ e ae |
Base Station
Power control Threshold
D (dB)
Calculate SIR (dB / = err
Estimated (dB) _>(+ : —l
SIR
4 I

| cmd (+1 ,-1)¢

Figure 7. Block diagram of the proposed algorithm 1 at the base
station.

1.2 Novel Modified ADM Power Control Scheme
Combined with SFP Algorithm (Proposed
Algorithm 2)

This scheme is a fixed-step power control (Figure 8),
which is the same as the novel modified ADM power
control scheme except that there is an exira SFP
algorithm implemented in each mobile station.

Pt (t) (dB) Step size
Power
Transmitted Controller Control
P SFP | cmd*p ontro
M Algorithm p Command
Adjustment emd Detectdt
Mobile Station

Figure 8. Block diagram of the proposed algorithm 2 at the mobile
station.

1.3 Improved Algorithm

The proposed algorithms that use link gain estimation
method added to their original algorithms, can further be
improved by modifying the power control block diagram
at the base station as shown in Figure 9. This algorithm
came from the idea that the transmitted power used to
calculate the estimated SIR of the next period should be
the transmitted power of the next period too. Therefore,
there are two steps of decision. First, received SIR is
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used to compare with the threshold and the transmitted
power of the mobile station for the next period can be
evaluated from the first cmd . By using the transmitted
power of the next period together with the estimated link
gain, estimated SIR can be calculated. Second, estimated
SIR is used to compare with the threshold and then the
second cmd is sent to the mobile station.

Base Station

Received | Com- Power | [Estimateq | Com-
> ] :\: ] ] > ] :\:
SIR pare adjust SIR pare

r Y

cmd (+1,-1)

Power control Threshold
Com-

= D (dB)
£ SIR (dB) + ~ err

Figure 9. Block diagram of the improved algorithm at the base station.

V. SIMULATION MODEL

In simulations, the reverse links of 19 cells in a
standard model [1] are considered and the center cell is
the cell of interest. The mobile stations in these 19 cells
are assumed to be randomly located with uniform
density and with the same number of mobile stations N,

per base station. The radio signal at time t is assumed to
be attenuated by a link gain G(t) containing long-term

fading L(t), which describes the local mean signal
power, and short-term fading S(t), originating from

multipath fading. Given a mobile’s transmitted
power Pt(t) , the received power in the base station B(t)

can be obtained by
B(t) = Pt(t)-G(t) = Pt(t)- L(t)-S(t) (3)

The long-term fading L(t) is a random variable modeled
as

L(t) =« -r %1010 (4)

wherex isaconstant, r -is the distance between the base
station and the mabile station,, « 'is called the path loss
exponent, & is a normal-distributed random variable
with zero mean and variance o?. In simulations, let
k=1, a=4 and o, =8. The short-term fading S(t)

is also a random variable that is assumed to have a
Rayleigh distribution. Jakes’ model [5] is used to
generate the Rayleigh fading, which is given by

IS =4CF®)+Ca (1) (5)



S =C ()+iCq() (6)

where

C (t)=2- icos(%) COS{Zﬂfdt cos(zN—ﬂ?)} + D(t)

Co(t)=2- isin(%) cos{Z;zfdt cos(ZN—m,])} +D(t)

D(t) =2 cos(%) cos(27f4t)

N'=2-((2-R)+1)

Fy xV

fq = , where vV is the speed of mobile station ,

F, is the central frequency of the signal, C is the
speed of light. In simulations, let Fy= 900 MHz, loop
delay T4 =2 ms, V ranges from 6 km/h to 60 km/h and
R=8.

Moreover, over an observation period, each mobile
station was assumed to move continuously within a
small geographical area. Therefore, the long-term fading
on each reverse link, can be considered to be a constant
during the observation period [1].

In this paper, outage probability P, is used as the
performance measure.

P, = Pr[SIR < SIR, | @

where SIR; is the minimum required SIR to quarantee

an acceptable communication quality. In simulations,
given that the required performance in terms of the bit
error rate is less than 107, if the spread spectrum
processing gain of 128 is considered, then the minimum
required SIR, SIR,=-14 dB [1].

A total of 500 simulation cycles was executed in the
study. The number of observation periods in each
simulation cycle is 500, where . the measured datais
collected from the last 400 observation periods .to
evaluate P, .

V. SIMULATION RESULTS

In the SIR-based PCM power control scheme, the
threshold D is an essential system parameter that must
be considered. From Figure 10, it is found that, for a
given N, a relatively higher D and a relatively lower
D cause a higher outage probability. This is a
reasonable result [3]. There is an optimum D that
provides the best link performance, which is changed
according to the N, . Here it is suggested to choose a

nearly optimum D so that SIR-based PCM power
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control scheme will operate effectively for a wide range
of traffic load. In this case, at D =-11 dB is chosen.

0.16

——  No. of mobile stations = 11
—o—  No. of mobile stations = 10
—+#—  No. of mobile stations = 9
——  No. of mobile stations = 8
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Figure 10. Outage probability of SIR-based PCM power control
scheme as functions of the threshold D , given that
p =1.0dB, N, =8,9,10, 11 and control mode N = 3.
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Figure 11. Outage probability of SIR-based PCM power control
scheme as functions of the step size p for control mode

ne{NZ,1, 2,3, 4,5}, giventhat D =-11dB, N, =8.

From Figure 11, mode NZ is defined as cmd =
{=1,+1}, which is in fact the DM power control scheme.

In Figure 11, it is obvious that the high order control
modes improve the system performance more than the
lower order control modes. However the performance
improvement will become saturated if the mode number
is large enough, regardless of the step size p. There is

an optimum p, in this case p=1.0 dB is a reasonable

choice. Since a higher-order mode wastes more system
capacity in the feedback channel, it is suggested
adopting control mode n=3.

From Figure 12, it is observed that the SFP power
control scheme performs better than SIR-based PCM
power control scheme since the SFP power control



scheme will predict the variation of Rayleigh fading
from the SIR and to compensate it in time.
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Figure 12. Outage probability of SIR-based PCM power control
scheme and SFP power control scheme as functions of the number of

mobile stations N, , giventhat D =-11dB, P =1.0dB and control
mode N =3.
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functions of the number of mobile stations N, , given that D =-11
dB.

From Figure 13, it is observed that the proposed
algorithm 1 (improved) performs the best and the DM
power control scheme performs the worst. The proposed
algorithm 2 performs a little better than the novel
modified ADM power control scheme. From Figure 12
and Figure 13, it is compared that SFP algorithm in the
proposed algorithm 2, can improve the performance of
fixed-step power control less than multi-step power
control in the SFP power control scheme. The proposed
algorithm 1 performs better than the proposed algorithm
2 but it performs worse when N, increases.
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VI. CONCLUSION

This paper presents modified algorithms of novel
modified ADM power control scheme, by adding link
gain estimation method or SFP algorithm to their
original algorithm. The modified algorithm that uses link
gain estimation method added to the original algorithms,
can further be improved by modifying the power control
block diagram at the base station. The proposed
algorithms and the original algorithm are compared
under different N, . The results show that the proposed

algorithm 1 (improved) always perform the best, but the
pure proposed algorithm 1 performs worse when N,

increases. Moreover, the proposed algorithm 2 performs
better than the novel modified ADM power control
scheme. However, the improved algorithms are more
complex than original algorithms. For the future work,
the complexity should be investigated and compared
with that of other algorithms and other performance
measures should be considered, such as Root Mean
Square (RMS) tracking error and overshoot of SIR.
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Abstract - This paper presents modified algorithms of
Signal-to-Interference Ratio (SIR) - based Pulse Code
Modulation (PCM) power control scheme and novel
modified Adaptive Delta Modulation (ADM) power
control scheme, by adding link gain estimation method
or Short-term Fading Prediction (SFP) algorithm to
their original algorithms. The purpose of the modified
algorithms is to reduce outage probability in DS-CDMA
cellular mobile radio system. The simulation results
show that the proposed algorithms can improve the
system performance compared to the original
algorithms. Moreover, the modified algorithms that use
link gain estimation method added to their original
algorithms, can further be improved by modifying the
power control block diagram at the base station. The
simulation results also show that the improved
algorithms  dramatically —decreases the outage
probabilities compared with those of the original
algorithms.

1. Introduction

Cellular mobile radio systems have evolved from the
first generation of analog design, e.g., AMPS, to the current
second generation of digital architecture, e.g., Global
System for Mobile communication (GSM). The third
generation, Code Division Multiple Access (CDMA)
scheme, has been developed mainly for capacity reasons.
Power control is an important issue in a CDMA cellular
mobile radio system. A higher system capacity can not be
achieved for such a system unless a power control scheme
is employed in the system.

In [1], Chang, Lee and Ren proposed SIR-based PCM
power control scheme which is a kind of multi-step power
control. This method provides better performance than
fixed-step power control. In [2], Wen, Yeh and Chiou
proposed SFP power. control scheme which is the SIR-
based PCM power control scheme combined with an SFP
algorithm. This scheme = can “improve the- system
performance compared to the SIR-based PCM power
control scheme. Intelligent closed-loop power control
scheme was proposed by Lau and Tam [3]. This scheme
provides a better performance than power control scheme
with optimum threshold but it has to perform large amount
of calculation for the whole process of the algorithm.

Su and Shieh [4] proposed the modified ADM power
control scheme which gives a better performance with the
same number of control bits compared to Delta Modulation
power control scheme. But the modified ADM power
control scheme has a problem about the stability of step
size, so the novel modified ADM power control scheme is

proposed in this paper. The proposed algorithms in this
paper, are the novel modified ADM power control scheme
combined with SFP algorithm, SIR-based PCM power
control scheme and the novel modified ADM power
control scheme combined with link gain estimation method
which is a part of intelligent closed-loop power control
scheme.

Moreover, the modified algorithms that use link gain
estimation method added to their original algorithms, can
further be improved by modifying the power control block
diagram at the base station, also shown in this paper.

The remainder of the paper is organized as follows. In
section 2, the previous algorithms are described. In section
3, the proposed algorithms are described. In section 4, the
system model is introduced. The simulation results are
presented in section 5, and the conclusion appears in
section 6

2. Previous Algorithms
2.1. SIR-based PCM Power Control Scheme [1]

Base Station

Power control Threshold
D (dB) Power
Received -
SIR (dB) + err Control
SIR
Command
Measurement -
Decision
I(t) (dB)
cmd
+ G(t) (dB)
A
Pt (t) (dB)
Power
Transmitted cmd * p | cmd Control
Power v P e Command
Adjustment Detector
Mobile Station

Fig. 1. Block diagram of the SIR-based PCM power control
scheme.

This scheme is a multi-step power control. From Fig. 1,
Pt(t) is the transmitted power of the mobile station, G(t)

is the link gain on the reverse link and I(t) is the

interference power from all the other mobile stations in the
system. The base station measures received SIR, denoted



by SIR, over a power measurement period and compares
with a power control threshold D . The difference between
SIR and D, denoted by err, is then fed into a “Power
Control Command Decision” block. This block sends a
power control command, denoted by cmd, which is the
output from PCM power control scheme, to the mobile
station to track the variation in the link gain.

A PCM power control scheme in control mode-n is
defined as the following. Given n is a positive integer,
g=err/p where p isthe step size, then cmd is given by

-n, g>n-05
cmd ={[05-q, -n+05<q<n-05 (1)
n, g<-n+0.5

where |.| is the floor function. If [x|=k,k is the
largest integer less than or equal to x.

When mobile station receives cmd , Pt(t) is updated by
an amount of cmd-p. The time period that the mobile
station takes for one operation of tracking, denoted by T,
is called the loop delay.

2.2. SFP Power Control Scheme [2]

This scheme is a multi-step power control, which'is the
same as SIR-based PCM power control scheme except that
there is an extra SFP algorithm implemented in each
mobile station. The amount of cmd-p is fed into SFP

algorithm before it is sent to adjust the transmitted power
slp=err

of mobile station.
Yes
weight = wt
err=cmd *p
No
k*slp

err+slp*weight

No

Fig. 2. Flow chart of SFP algorithm,

The flow chart of SFP algorithm is shown-in Fig. 2. In
this algorithm, weight is a variable and wt is a constant.
The quantity slp-weight 'is the slope. used to predict the
variation of short-term fading during this period. The
variable weight is used to convert the received SIR slope
into the short-term fading slope. It is assumed that the slope
of short-term fading curve is constant during the interval
between adjacent local highest and local lowest points.
Each time the short-term fading curve passes through a
local peak point, the slope should be changed. In the

algorithm, the decision rule |err —slp|> |k -slp| is used to
estimate the reverse point of short-term fading curve.
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2.3. Intelligent Closed-loop Power Control Scheme [3]
Intelligent closed-loop power control scheme is a fixed-
step power control that does not take power control
threshold into account when making its power control
decision, and uses link gain estimation method at the base
station.
G; is the link gain for user i. Based on the measured

G; over the current and past periods, G; of the next period
can be estimated by using the quadratic equation.

6™ =af” +a(P k+D+af” (k1) (@)

where the coefficients aj', a;"and aj' are estimated from
G{™ =af™ +a{™ (k) +ai™ (k)2
" =al™ +a{™ (k-1)+ai™ (k -1)2

G =al™ +al™ @) +al™ (@)?

and k is the number of power control periods used for
estimation. For each user, the mobile station can either
increase or decrease the power by one step size (fixed-
step). Hence there will be 2N possible sets of power
control command (cmd ) for N users in a cell. For each
cmd set, the transmitted power of the mobile station for
the next period can be evaluated. Together with the

estimated G{™, SIR{™™ can be calculated. Based on

the SIR{™®, the base station can now choose an
appropriate cmd set that satisfies a certain decision rules.

2.4. Modified ADM Power Control Scheme [4]

At first, the ADM power control scheme is considered.
The basic idea of ADM power control scheme is the same
as Delta Modulation power control scheme (fixed-step
power control) except that the step size is not fixed but
varied and controlled by the step size controller at the
mobile station (Fig. 3).

A |
Pt (t) (dB) Step size *
Power
[ Controller
Transmitted cmd(k) * p(k) ‘—‘ Control
Power p(k) Command
Adjustment cmd(k) Detector
Mobile Station

Fig. 3. Block diagram of ADM power control scheme at the
mobile station.

The step size controller shall carry out the following
adjustment algorithm.
pk)=pk-)xK if cmd(k)=cmd(k-1)
p(k) = p(k-1)/K if cmd(k)=cmd(k-1)
where K is a designed constant larger than 1.
However, the pure ADM power control scheme is not
better than DM power control scheme but the modified



ADM power control scheme gives a better performance
than DM power control scheme.

For the modified ADM power control scheme, the
mobile station calculates p(k) according to the same rule

as ADM power control scheme in each update period.
However, when the mobile station receives a power-up
command, it will increase its transmitting power by p(k)

dB if p(k)>1.5 dBorby 1.5dB if p(k)<1.5 dB. When

it receives a power-down command, the mobile station
shall ignore the value of p(k) and decrease its transmitted

power by a fixed-step size of 1.5 dB.

2.5. Novel Modified ADM Power Control Scheme
This scheme is proposed in this paper. From the
simulation results, it is found that the modified ADM
power control scheme has a problem about the stability of
step size. Consequently, the novel modified ADM power
control scheme is proposed to solve this problem. This
scheme differs a little from the modified ADM power
control scheme at the adjustment algorithm in step size
controller, as follows.
p(k)=pk-)xK if cmd(k)=cmd(k -1)
p(k) = p(0) if  cmd(k)=cmd(k —1)
where K is a designed constant larger than 1, p(0) is the
initial step size.

3. Proposed Algorithms

3.1. SIR-based PCM Power Control Scheme combined
with Link Gain Estimation Method (Proposed
Algorithm 1)

This scheme is a multi-step power control, which is the
same as SIR-based PCM power control scheme except that
SIR used to compare with a power control threshold at the
base station, is estimated SIR instead of received SIR.
Estimated SIR can be calculated by using link gain of the
next period instead of current period. Link gain of the next
period can be estimated by using link gain estimation
method from intelligent closed-loop power control scheme.

3.2. Novel Modified ADM  Power Control: Scheme
combined with Link Gain. Estimation Method
(Proposed Algorithm 2)

This scheme is a fixed-step power control, which is the
same as the novel ‘modified ADM. power control. scheme
except that SIR used to compare with a power control
threshold at the base: station is estimated SIR instead of
received SIR, by using link gain estimation method from
intelligent closed-loop power control scheme.

3.3. Novel Modified ADM Power Control Scheme
combined with SFP  Algorithm (Proposed
Algorithm 3)

This scheme is a fixed-step power control, which is the
same as the novel modified ADM power control scheme
except that there is an extra SFP algorithm implemented in
each mobile station.
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3.4. Improved Algorithm

—' Base Station

Received [ Com- cmd Power Estimated [ Com- cmd
> > > > >
SIR pare Decision adjust SIR pare Decision
v
! Power control Threshold cmd
Com-
= D (dB)
pare SIR (dB) ¥ err

Fig. 4. Block diagram of the improved algorithm at the
base station.

The proposed algorithms that use link gain estimation
method added to their original algorithms, can further be
improved by modifying the power control block diagram at
the base station as shown in Fig. 4. This algorithm came
from the idea that the transmitted power used to calculate
the estimated SIR of the next period should be the
transmitted power of the next period too. Therefore, there
are two steps of decision. First, received SIR is used to
compare with the threshold and the transmitted power of
the mobile station for the next period can be evaluated from
the first cmd . By using the transmitted power of the next
period together with the estimated link gain, estimated SIR
can be calculated. Second, estimated SIR is used to
compare with the threshold and then the second cmd is
sent to the mobile station.

4. Simulation Model

In simulations, the reverse links of 19 cells in a standard
model [1] are considered and the center cell is the cell of
interest. The mobile stations in these 19 cells are assumed
to be randomly located with uniform density and with the
same number of mobile stations N, per base station. The
radio signal at time t is assumed to be attenuated by a link
gain G(t) containing long-term fading L(t), which
describes the local mean signal power, and short-term
fading S(t), originating from multipath fading. Given a
mobile’s transmitted power Pt(t), the received power in

the base station B(t) can be obtained by
B(t) = Pt(t)- G(t) = Pt(t) - L(t)-S(t) (3)
The long-term fading L(t) is a random variable modeled as
L(t) = k- r #10¢/%0 4

wherex is a constant, r is the distance between the base
station and the mobile station, « is called the path loss
exponent, & is a normal-distributed random variable with

zero mean and variance 7. In simulations, let « =1,

a=4 and o =8. The short-term fading S(t) is also a
random variable that is assumed to have a Rayleigh



distribution. Jakes’ model [5] is used to generate the short-
term fading, which is given by

Is()|=yci®+C3) )
S(t)=C, (1) +iCqo (1) (6)

where

R - .
C®)=2 Zcos(%)cos{Zzzfdtcos(%)}+ E(t)

i=1

R . .
Colt) =2- Zsin(%) cos{Z;zfdtcos(%)} +E()

i=1
E(t):ﬁ-cos(%)cos(andt)

N'=2-((2-R)+1)

_ RyxVv

fq , Where v

is the speed of mobile station , F,

is the central frequency of the signal, C is the speed of
light, R is the number of paths of the received signal. In
simulations, let F,= 900 MHz, loop delay T, =2 ms, V

ranges from 6 km/h to 60 km/h and R = 8.

Moreover, over an observation period, each mobile
station was assumed to move continuously within a small
geographical area. Therefore, the long-term fading on each
reverse link, can be considered to be a constant during the
observation period [1].

In this paper, outage probability P, is used as-the
performance measure.

P, = Pr[SIR < SIR, ] @)

where SIR; is the minimum required SIR to quarantee an

acceptable communication quality. In simulations, given
that the required performance in terms of the bit error rate

is less than 1073, if the spread spectrum processing gain of
128 is considered, then the minimum required SIR, SIRy=
-14 dB [1].

A total of 500 simulation cycles was executed in the
study. The number-. of observation -periods in -each
simulation cycle is 500, where  the measured data is
collected from the last 400 observation periods to evaluate
Py

5. Simulation Results

From Fig. 5, it is found that, for all algorithms, a
relatively higher D and a relative lower D cause a higher
outage probability. This is a reasonable result [3]. There is
an optimal D that provides the best link performance. Here
it is suggested that optimal D is —11 dB.

Fig. 6 shows that, for all algorithms, if the step size is
either too small or too large the outage probability
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increases. There is an optimal p, in this case p =1.0 dB is
a reasonable choice.
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Fig. 5. Outage probability of SIR-based PCM power
control scheme, SFP power control scheme (wt=0.6), the
proposed algorithm 1 and the proposed algorithm 1
(improved) as functions of the threshold D, given that
p=1.0dB, N, =8 and control mode n=3.
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Fig. 6. Outage probability of SIR-based PCM power
control scheme, SFP power control scheme, the proposed
algorithm 1 as functions of the step size p, given that
D =-11dB, N, =8 and control mode n=3.

From Figure 7, mode NZ (Non return to Zero) is defined
as cmd = {~1,+1}, which is in fact the DM power control
scheme. It is found that the optimal p is changed
according to the control mode n . For example, the optimal
p is 0.5 dB if n=3. Since a higher-order mode wastes
more system capacity in the feedback channel, it is
suggested to adopt n=1 and p =2.0 dB.

From Fig. 8, it is observed that the proposed algorithm 1
(improved) performs the best with the least control mode
n =1. SFP power control scheme performs better than SIR-
based PCM power control scheme. The proposed algorithm
1 performs better than SFP power control scheme and SIR-



based PCM power control scheme when N, <9 but
performs worse when N, >10.
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Fig. 7. Outage probability of the proposed algorithm 1

(improved) as functions of the step size p for control
mode n e {1,2,3}, given that D =-11dB, N, = 8.
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Fig. 8. Outage probability of SIR-based PCM power
control scheme, SFP power control scheme, the proposed
algorithm 1 and the proposed algorithm 1 (improved) as
functions of the number of mobile stations N, , given that

D=-11dB, p=2.0dB, n=1 for the proposed algorithm 1
(improved) and p =1.0.dB, n=3 for the other algorithms.

From Fig. 9, it is observed that the proposed algorithm 2
(improved) performs the best, the proposed algorithm 3
performs a little better than the novel modified ADM
power control scheme. From Fig. 8 and Fig. 9, it is shown
that SFP algorithm in the proposed algorithm 3, can
improve the performance of fixed-step power control less
than multi-step power control in the SFP power control
scheme. But the improved algorithm in the proposed
algorithm 2, still provides good performance for fixed-step
power control. The proposed algorithm 2 performs worse
when N, increases, which is the same effect as in multi-

step power control.
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Fig. 9. Outage probability of the novel modified ADM
power control scheme (K =1.01, p(0) = 0.6 ), the proposed
algorithm 2, the proposed algorithm 3 and the proposed
algorithm 2 (improved) as functions of the number of
mobile stations N, , given that D =-11 dB.

6. Conclusion

This paper presents modified algorithms of SIR-based
PCM power control scheme and novel modified ADM
power control scheme, by adding link gain estimation
method or SFP algorithm to their original algorithms. The
modified algorithms that use link gain estimation method
added to their original algorithms, can further be improved
by modifying the power control block diagram at the base
station. The proposed algorithms and the original
algorithms are compared under different N, . The results

show that the proposed algorithm 1 and 2 (improved)
always perform the best, but the pure proposed algorithm 1
and 2 performs worse when N, increases. Moreover, the

proposed algorithm 3 performs better than the novel
modified ADM power control scheme. However, the
improved algorithms are more complex than original
algorithms. For the future work, the complexity should be
investigated and compared with those of other algorithms.
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