Fa s

C OUNTER BCTIOUS



FADING COUNTERACTIONS

Diversity MerHods
INTRODUCTION Comginvivg MeTnoDS

LONG TERM FADING COUNTERACTION DiwersiTy BrrAVCHE S

MACROSCOPIC diversity.

SHORT TERM (FAST) FADING COUNTERACTION

MICROSCOPIC di ity.
e Auweace , Freovewcy

DIVERSITY SCHEMES @ SPACE , TPoiLAnri2ATION

Tim€ HOPPZUG.

Space Diversity

Spaced Antennas at the Base Station

ReAMWiOTH Ay = 2R/D

o » E {cos[2t —:— cos(oi - u)]} + Ez{sln[Zl —g— cos(el - a]}

where d =vrt
v is the speed of the vehicle
T is the time separation between the signals
A is the wavelength
8, is the incident angle of the i® wave, « - n/2 = 6 s« n/2
« is the mean incident angle |

and Elx] is the expectation of x

pO) = 2 cos” (6, - @)

a+n/2

[ p(el)del =1
a-n/2

Horizontal space diversity is better than vertical space diversity

™

AQ = 2Rh/D’. Ap = 2R/D, then AQ/Ag = h/D
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Correlation Coefficient, p,
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Spaced Antennas at the Mobile

2
p= Jo(wmt)

vT d
Um'l' = 2n ;Y = 2n T

Jo(wmt) =0, then © T = 2.404, d/A = 0,38 (d = 0,52)

-0.1¢€
P 0.46 Jn &
[=300MK =0 d T (Fem

Polarization Diversity

Angle Diversity

Frequency Diversity

Be= ’L"

—
In suburban areas, T = 0.5 pus, Z s

Bc = 320 kHz or Bc = 160 kHz for the envelope or phase correlations
Frequency separation of 2 MHz (= 6 x 320 kHz).

1:N protection switching

Time Diversity M b/ta,ﬂ crteés
= 2.404 d 0.38 A,T = 0.38 A/v = 0.38/f d.ai(ay ~
© T = 2404, or d = 0.38 A7 ; v =038/f_ Z»‘FM'
Tz 1/(2 f-)

At v = 72 km/h, f = 900 MHz, T = 8.3 ms.

Diversity by Hopping

COMBINING SCHEMES

Switched r

One out of {r s Ty eenny r}
1 2 n

Gain r = ar



Switched Combining: Pure Selection

SwitcH awp Cxamtwe
Switched Combining: Threshold Selection

Swircdt Awd STAY
Gain Combining: Maximal Ratio

Gain Combining: Equal Gain

STATISTICAL PROPERTIES AND PERFORMANCE MEASURE

A local mean signal power
i mean noise power

; K
': 'f : ’P(JK«): ALY ,exf>-_{[“_
2

", " 3N T 3N
i i q: zv‘
(4
) |dy| = plr) |dr A -4
px) |dv,| = ple) |dr) nzfo/z:(i‘
N N
ply) = l e (-L
. 70 . 70
P(F)=prob(1isr)= p(‘rl) d1i=1—cxp[— —g—]

Switched Combining: Pure Selection

r M
s
PSEL(FS) - M"l’ weey 7“ = r') - [1 = cxp[-— —1;—]]

I" = I I" PSEL(r ‘) dl"

, . () r 1 r
pSEL(I"‘)= dl" = 7 l—exp——7— exp |- —

[~}
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Switched Combining: Threshold Selection

P (T,) = probly = T)

SwitcH AMD 9*‘}’

Pyl = prob(y s T ) = prob(y =T | ¥ = %) = probly =T, | v=17)

-

r
T
q= P(I‘T) = prob(y = l'T) =1- exp[- 7, ]

r
p=1-q=eXP[- T]
7

0

(1+q P - g L Tg=T_

P ()= {
SCN 'S
qP(l‘s) o B3 % g

o () - @Sﬁ;(rs) _ { (1+q pf) , T =T
s qp(l‘s) o Fg < T
® . ©
F = J TP T g = | TPscn(Ts) dF * J FPeon Ty dlg
0 0 I.T

Gain Combining: Maximal Ratio

M
" z alri
i=1
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ri
i=1
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_M _erz_)fxi+uyl
L = N i T IN 2N
i=1 i=1 i=1 i=1
" i exp(-7/7,)
pMAx(ﬂz , 720

1’;‘ M - 1)1

)i—l

M (T /y
s’ %
Puaxly) = 1 - exp [—rsho] lzl i - DI

M M
r=<7>=<z-yi>=2<7>=M7
i=1 =

Gain Combining: Equal Gain

L

M
r = z r
i=1

-«
]
-
()
4
<
N
Z
=

Pequ'? |d¥| = p(r) |dr|
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- NM p(Y 2yNM )
vV 27NM

B p(r)
paou(“ =

p(r) = ]Jp(rl,rz) drl = le(rl, r - rl)dr1

0 r_=r-r 0
2 1

PEQU(I'S) =1- exp(-2l's) -V LR cxp(—l‘s) erf (v by )

M-IMM 7M-l

Peou'” = TTZM=) 1 M

M
o ). M 1 s
EQu sT (M -1/2)1 Ml 7,

where (o)! is the gamma function. In particular

[M _ ; ]' _ _1.3.5.7. ..(2M -t

!
"

2
1 2 2
s —zw[zw + M(M - 1) n }

=
"

"
10[1*(M—1)—4—]

where 7 = o2/N (see equation (5.16)).

COMPARATIVE PERFORMANCE OF COMBINING TECHNIQUES

5 . 1/i , for pure selection
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OTHER RELEVANT POINTS

Combining Correlated Signals

Level Crossing Rate (LCR)

Average Duration of Fades

Random E[li_

Predetection and Postdetection

exp [-

1+(M-1)—:—
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Mean number of faded (corrupted) bits : zt.

Mean proportion of corrupted bits : zt/(z/Rc) = TR

TR

1- cxp[—(R/\/T 0')2]

<
5
v

1- cxp[—(R/\/ 2 cr)2] = R,

t/mnz1- cxp(—lOT/m)

As an example, let capture occur for T = -9 dB. Then using (6.30) we obtain

t/n = 0.118. The Golay (23,12) corrects up to t = 3 bits in an n = 23 bit-message,

corresponding to a proportion of 3/23 = 0.13. Therefore, this code satisfies the

minimum bit error correction requirement.
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