21

DS-CDMA (Uplink)
[7]

(Multiple Access Interference)

(Near-Far Effect) 21

(Signal-to-Interference Ratio, SIR)

SIR [6] SIR
(SIR-based)
(Outage Probability)
(Power-based)
SIR-based
-60 dBm

-30 dBm

[ ]

aoo
ooo
0oo

Mobile Station 2

———

Base Station

0oo
ooao
ooo

Mobile Station 1

317 2.1 dsngnisadlng-lna (Near-Far Effect)
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1
(Multipath Fading Channel) Ariyavisitakul Chang [8]
10
DS-CDMA 2
(Open Loop Power Control)
(Closed Loop Power Control)
(Open Loop Power Control)
(Uplink)
(Downlink) dBm -73 dBm
Nrangit (dBm) + Preceive (dBm) = -73 dBm (2.1)

Long Term Fading
(Multipath  Fading)
Rayleigh Fading

(Closed Loop Power Control)

1dB 1.25 ms 800

211 15-95 [9]
2.2
Scramble 19.2 kbps
2
1.25 ms Walsh
Function 20 ms 16

1.25 ms 24
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(023
20-23 1/64 Long Code Scramble (
64 Long Code 1.2288 Mbps 19.2 kbps)
1/64 Long Code
l Walsh Function
Forward Traffic
Scrambled Data Bits Replace 2 consecutive 19.2 kbps 1.2288 kbps
> input bits by one power >Q</
19.2 kbps control bit every 1.25 ms
Power Control Bits
800 bps
[ 20 ms = 16 power control groups
~P
Scrambled
Traffic
0
Bits
Serambied a v, 1.25 ms = 24 scrambled bits >
Traffic
Bits ‘§————— 16 possible starting power control bit - —
positions
P cilie 4. PRy -t S ) T el B e B ] e ||
l2ol21T22l23l ol 1 l2lalalslelzlgloalio]11l12]13l1al15116 23
1/64 Long
Code (used A T
1 Power Control Bit
for value=1011_=11
s 2 10 (2 data bits)
scrambling) { __—
/_@
1 1 0 1
SO RO [V S ) S| P ROl /SR | ) VD O [ (' SO
l20l21 22123l ol 1 T2l alalsTelzleloliol11l2l13l1al15116 23

2.2

20-23

A23 722 721 720 10 112 = 1110

1/64 Long Code

Scramble




il 12
: 1dB 1
1 dB :
1dB
2.1.2
: 1
-CDMA
2
(Long-Term Fading) (Short-Term Fading)
L(t) 2
(Propagation Loss)
(2.2)
pr= pr-*
P. 1 P =:
Propagation Constant 0C=2 , 0=2-4
(1=4 [6]
(Shadowing Loss)
log-normal
(2.3)
P1=/ 100
1 =0

dB[2]

16
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v
Nakagami-m
1| a" expa ------ a a>0 (2.4)
i y )
a =
Mm = = var[a]l[E(a)Y 0.2]
r(*) = , T(m)=J '"e~'dt, m>0
0
) = = E[a]
t =
=\ Nakagami Rayleigh
Jakes [10]
Rayleigh Time-Domain ( (1)) (2.5), (2.6), (2.7)
(2.8)
\ (N =2C,(t) +CI(t) (25)
()=c,(t) +)CQY (26)

C,{t) -2 cos(~)oo 2N J oo (N1) P+ 41 'cos("-)cos(27rfd) (2.7)

CQt) - 2-1\sin( A )cos|2nfcos( "1}+y[l -COS(-)c0S(2 i) (2.8)

(t) Time-Domain
0(7) Real
Cq(t) Imaginary
N
N=18 Jakes
Rayleigh N =8 [10]

AT=2-((2-A0 + 1)



1 n Doppler

V 6-60 ./
F (Central Frequency)
C
Jakes Rayleigh
Deterministic Random
Rayleigh
Jakes 2.3 Random
Rayleigh Gaussian
Filter Doppler
I-th
f1
1+, deosa, 1 fA=v/x =viclc, V . X-cffl
Poorg
Doppler al
Doppler +f1
O o s
source
Baseband in-phase channel impulse response
in-phase and quadrature : °°S‘I’V L p )hm .
. radio c:rl:iers “ sinw :t _G_
|
Gaussian y(t) hQ(t) l
noise - D‘f’:’t‘:rer > @ -
source
Baseband quadrature-phase channel impulse response

2.3 Random Rayleigh
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(X Doppler
Random Cosine Doppler Power Spectral Density S(f)
= e 29
)= 0y 29
A
2.3 Doppler Filter h{t)=xt)  hQt) =y{t)
h{t) = X(t) cos()1D) - (1) sin(e>@) (2.10)
Xt () Gaussian h(t)
h(t) =R(t) cos (Lt + y1 () 211
R() = (x\t) +y2(t)) 2 2.12)
Rayleigh
i) =tan 't (2.13)
Doppler Filter hit)
Rayleigh
Link-Gain G(t)
(2.14)

G(f) =Lit)-Sit 214



2.1.3 (Interference)
DS-CDMA
Pik{]K)
k j rk L
2.4 | watts)
1
(2.15)

| (Walts)

K1)
K f]
PKM

20

2
19
2( 24 )
(2.15)
1
2
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IAANITIALWLA

AR W9TaLT 1

P
E—

N v & LY
AN 74 A\
' z A’y
T S ) {
- LY AN,
X
// \X
— -
; D
) O
S
4
Ez\ -
X -4
¥R \
Al Vs L ) 7/
X II B \\ ]/
Z u AN 7
) A 7
AN < B 7
\ £ 7

2.4

(Pq) SIR
[6]

[6]
po=[7j

Lk
SIR

VIAR LWNTDLTN 2

Base Station

19
(Qutage Probability) (Link) i
SIR (SIRO)
=P{SR, <SR} (2.16)
(Outage Probability)
", =N X pds«, <» ¥} (2.17)
1Lk Lk
Ehi, [6]
SR Eiw._y (2.18)

h KR Y



Eh 1, D
'R
Bit Error Rate KT3 Eh/10
(Spread Spectrum Processing Gain)
SIR 1 -14 dB [6]

2.2

2.2.1 Centralized Power Control 2

(Additive White Gaussian Noise, AWGN)

22

7 dB
IR =128

SIR (Signal-to-Interference Ratio)

SIR

| 63

(Additive White Gaussian Noise, AWGN)
Inverse Matrix

(2.19)

7 =1 PG"—-li<i<M

0ro/

(2.19)



M =
Gl (2.19)
7, =G TN e
Il/l
Ay = {0 L1 MxM)
=-A. ( Mx1)
G
Y = Youh
y Y runh (2.23)
M
7¢es‘\red 7-1 A’ II’
[/ 2L IEGR =
Pi
7= P n£2 PM 112,
Pm
SIR=Y
7 =[y— 7- Ay
Pd|
[712

(Desired Power Vector)

Pit, PIR 1 3 L2, LM

23

(2.20)

(2.21)

(2.22)

(2.20)

(2.23)

(2.24)

(2.25)



24

2.2.2 Distributed Power Control [3L

Centralized Power Control

pd Distributed
Power Control

. PGjrm=7" 1<i<M (2.26)
I pigl +V,
Y. SR (2.26) Gh
(2.27)
1, (2.27)
/7:1t rl G,;
o1 D, (2.28)
!
HP+ =p (2.29)
H = [hv]
01=] (2.30)
|
=) (2.31)
Gl '
(I-H)P- (2.32)
A= (2.33)
A=|-H

(2.33) Iterative Method



M N

1 A=Il-H

P)=MERY-M ]

Jacobian OverRelaxation Iterative Method (JOR)
1= (3 N = @E)- A

3 =1
|0 = (I-A)PH +
P(#)=HP1+

(2.36)

1 G
0 ’ﬁ g () 71(?

2OL g 17t ) 7y

T GTA" ta STA"+4
TR

Q71 (@[2p9ﬂ+ G ,3<+t>1)
£ (6200 + 62p2 +2
T (G, P +G,202" +t8)

25

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)
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}(/fv) l)lm
I(u«l} }/I
I)g;.ul) = '}:i) /7(3”: (239)
/)ill*]) yl
yy(f., 28
: P 7_) p™ (2.40)
Vi
yI1 SR i
(2.40) Distributed Power Control (DPC)
/)ll”’l) = n]in{l)m;l\ A -% I)'“”} (2l41)
5

(2.41) Distributed Constrained Power Control (DCPC)
q 0 g q pr/n\g{

DCPC
Centralized Power Control
DCPC
1 [ "4 [,
I y'
2., y'ly)'0 e R+
R

2.2.3 Second-Order Power Control with Asymptotically Fast Convergence [41

Distributed Power Control lterative Method

JOR Algorithm Riku Jantti Seong-Lyun Kim [4]

Successive OverRelaxation Iterative Method (SOR)

AP=n\ 1 (-1) Relaxation Factor 03
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(2.33)  (2.34)
AP=n\ (2.33)

(>=1IW'NP"L+ AT1 (2.34)
SOR (2.31) Iterative Method

:g(l-coL), :g((\-co)l 0V

(0= Relaxation Factor
L = Strict Lower Triangular Part of H
= Strict Upper Triangular Part of H
(2.32) Centralized Power Control Algorithm
Distributed Power Control Algorithm .

A s H
I E R B
L _"0 0 "0 H
H=1-A\ L= H o =0 0
P1 P2 mirror vector (Power Vector) P (2.24)
(2.42)
Ap'=" (2.42)
lterative I P2 pd(P~P=Pd)
P')=MI'NPH M1’ (2.43)
N B 10
W= coH 1M gy
1 @-m)l oo
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(2.34)
PO~ 0ty w03 (0 P9 VT
) =0 * L (2.44)
p(i>4) eH | yB 0 03l Py y
(L) O0H > 1y (I

03-U3)H (2r2+@—( ) P2 N 03{ceH + 1)1/

(L-( )0+ ( 112e + 03]
(- +AHP N+ (- ) 00+ (1

PO 0+t 11 +FIC)

®) i -p™)+pre (2.45)
oy p[h=PrsPaM) =pz ,1=0,1 ..
P\nﬂ) n(2n+2) (E(HP(Z‘rH) +T]-P {2|,)) +P m
PO PR 03(HPR" + /P 24U) + P 2] (240
Pyt)=ce(HP() +ti-P ") +P{-" (2.47)
3 (2.47)
' G2 i3 .
p\"+y 0 AG' ! G,?i Mo, Sy sy
pf ]=0 7. S% 0 7.‘8 s+ >y (248)
Pr* 16 16 Y |
8os 73 ag
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o rG'7+ 1+

1) . " o >
) =g G2%77 +72 G, () ) [ -1+ )y (2.49)
) [ "-0
R T (N
e +)/ A
" 4 G]l4 7’G,, 4 )/Gl -
Pro =( 724"+ hol "+7(3 *(0-() /-, (250)
U@ ) 622 )32 (322 I_pi I)J
N g i,
162 "+ 76,3 "+ 74,
BT /-1
; 1 (g MY D23P2IET 52) + (- )/ . (2.51)
lGiy GIPLL+ 73612 '+ 739) |
A
oM - Ty +(-(y) 18 es2
| "4 pf )
73
pril= (0 -p{+{l-co)Pr ) (2.53)
Y
(2.53) ' Unconstrained Second-Order Power Control (USOPC)
[ -1 = mini pracmax 0«7+ (1-<)p () (2.54)

(2.54)  Constrained Second-Order Power Control (CSOPC)
0o Y
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CSOPC
L
Centralized Power Control
2. | '4) Pd
y, 1" y' DCPC
CSOPC
L1 coy'ly"le R+ R1
d d
2. 1

(Rayleigh Fading)
(Rayleigh Fading)
(Outage Probability) CSOPC

224 Modified CSOPC (M-CSOPC) 4

cmd
and e R R [4]
Modified CSOPC (M-CSOPC) CSOPC

(n+l)

PYULAL min{/)“m , max{o, O)A('y ,!)+ (|-( )/ "-1,}} (255)

A(”) — {A,y;lzls,}/’_/

i l (n) ]
s Vi =i
A Y Y

Bang-Bang type Power Control (B-BPC) (Uplink)
S-95
M-CSOPC [ "4)
Pd y(" y,



(Rayleigh Fading)
(Rayleigh Fading)
M-CSOPC

2.2.5 Pulse Code Modulation Power Control [6]

3

(Outage Probability)

SIR (SIR-based Pulse-
Code-Modulation (PCM) Power Control) [6]
Multi-Step SIR
2.5 Pi(t) , G(Y)
()
cmd (Power Control Command) CMDn={-,-( -)L.. -1,
0,1 e n-1, })
2 key G ( -0.5, °)
-+ 1 keyG ( -1.5, -0]
1 key G (05, 15]
cmd —< 0 key G (-0.5, 0.5]
1 key G (-15, - 0.9]
] key G (- + 05, - + L5]
key G (- ° 1 + 0]
key=err/Ap, err SIR SIR , Ap
Step Size , cmd G CMDn CMDn
2 +1

cmd



Td Tp,

Command, cmd)
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(Power  Control

SIR Td SIR

(Desired SIR Level) err Power Control
Command Decision
Power Control Command Decision err cmd

Pulse Code Modulation

cmd Power Control Command Detector
cmd. A A p Step Size
PCM Power Control
CMDn
2 +1 cmd

PCM Power Control

Centralized Power Control

Pi pd
SIR SIR

Centralized Power Control, DCPC CSOPC

(Qutage Probability)

(Link  Gain)

(Link Gain)



Base Station
Desired Level
Power
- . D|(dB)
Received SIR (dB) i l . Control
; L . err
SIR Command
Measurement Decision
Y
=+ 1 (1) (dB)
cmd
28 G(1) (dB)
A
P, (1) (dB) b4
Power
Transmitted cemdx A
o) ¢ cmd Control
Power
) Command
Adjustment
Detector
Mobile Station

2.5 SIR

2.3 (Link Gain)
Equation) [111

(Link Gain)
G, i) Gi

G,

-+

' +a[' |(k1+])+ai")(k1+\)2
LT (Estimate)
gL =<">+ e e

G f 1) = ¢ C +a\m)(kg -X)+ a*"Vkg-\)2

G<l"“a: ;;",+a\n,\k c1'2) +a T Vkaq-21%Y

3

(Quadratic

(2.56)

(257)
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kq (Power Control Period)

24 Multi-Bit Constrained Second-Order Power Control and Quadratic Equation Link
Gain Prediction ( )

1 ,
SIR Desired SIR (y*vim/)
Desired SIR (y/,-m/) SIR (Maximum
Achievable SIR) [2]
Y Tk SIR Feasible [2]
7.9 A (2.58)
A Eigenvalue A
P>0 (2.59)
A=A (259)
A Normalized Link Gain Matrix Ajj = {0 1
GE |
I
Gy J
i
Pl

=" P, 52 1,2

SIR Desired SIR (y [/fvim/)
(2.25)

pa
y desired
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P SIR Desired SIR
Feasible ( 7 , 1—/mx) (2.25) Pd>0 (p>0
=1, 2 N) [2]
SIR Yesie
Infeasible [yJe,irai > e ) (2.25) Pd<0 ( P
p<0) [] SIR
e
(Desired Power) 2,/ SIR SIR
(Distributed) b2 Distributed Constrained

Power Control (DCPC) Constrained Second-Order Power Control (CSOPC)
Distributed Constrained Power Control (DCPC)
p\) First Order Power Control (2.41)

pl'+l=m inL mx, -~ 77 "»! (2.41)

Constrained Second-Order Power Control (CSOPC)

1 p.~U Second-Order Power Control
(2.54)
plnts = miniPmax> maxiO, ( -~-pln)+ (X-(0)p)n-v N (2.54)
r
CSOPC Pi (Desired
Power) pd DCPC
[ "+ 2 0</?"1 +[)< PN

Constrained Power Control
CSOPC 2
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(Rayleigh Fading)
(Rayleigh fading)

(Qutage Probability) CSOPC
2, ayl 7- e Rt o+
CSOPC
1 (Link Gain) Gfk +1) Quadratic
Equation Link Gain Prediction
Gk +1) SIR, SIAEE)
CSOPC
V(Atl)=", P-Gk +V) IKKM (2.60)
% pop ks Dt
i
CSOPC 4 0
1k+y (2.54) [4]
9 (Qutage Probability) 1.9x104
[4] (Rayleigh Fading)
(Rayleigh Fading) 9
2.
At CSOPC ' 1 (Quantization)
Pi
Qn, ) QMR
' N =123 .. QmlQpy N
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CSOPC
Quadratic Equation Link
Gain Prediction Multi-Bit Constrained Second-Order Power
Control with Quadratic Equation Link Gain Prediction
Multipath Fading Rayleigh Fading
Deep Fading

Constrained Second-Order Power Control (CSOPC)

Pitl pd

SIR SIRdesired
2.6
Quadratic Equation Link Gain Prediction
SIR Second-Order Power Control Pitl Pd
SIR
SIR*, 2.1 (2.25) Multipath
Fading A (2.25)

PAK) =[  -I-A(k)]-'1 (2.61)

desired



Mobile Station

2.6

S|Rdesired

Ak t+ )

G [ (ky* \y=

G (k+\)=

38

Base Station

(Link Gain Prediction)

Constrained Second-Order Power Control
PUE+ DAk + 1]

Ak +1) SIR
(Outage Probability)
P(k+1) IA(k+ J=[—"—1-A(k +1))-1 (2.62)
Y desired
Attt = < 263



P[(k+D)1Ak+1)]

00oo
00O
0oo

Mobile Station

71N 2.7 medenndesiudnsaenadiadenieaiiafinnginunadne
(Link Gain Prediction)

A(k+1)
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Base Station

MAI+AWGN
= m e m e e e e e
¢ T (8 ey ) !
Modulated ! ! )
Signal | | Power | | | Fading || Link Gain SIR
! | Multiplier[ ! | Channel : L e—— it
: A ! :
| | !
| ; :
1 | !
: L : :
i s Ly i)
1 ! \ |1 ing us Rl :
i | i CSOPC
]
I | J
: ; :
| | !
| : :
i i i | ! (n+h
i Quantization P : ——— 5
; Scaler : ! o
| | :
I
H— : L e ] Ty T
2.8

Multiple Access Interference (MAI)
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2.8
. SIR (Signal to Interference Ratio)
(Link Gain)
G(k)
Gk + 1) Quadratic Equation Link Gain
Prediction (2.56) (257
CSOPC (2.54)
2 SIR
SIR (2.54)
9 [
| *4! 3 CSOPC
p\k) r= Piik)
[ (Quantization) q=Q(r, )
q ,Q ,
12,345 6
q LY
q
PKH= 1 -p

G(k+1)
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