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Abstract A model is proposed to p l'edict the base-station signal 
statistics in urban al-eas ~here there is no local scatte l-jug 
around the base. The model eliminates some restric\.ive a,,;sumptious 
jnhet-ent in previous models and provides simple yet. accu\'au:, 
exp,'ess ion 5 fOR" fad i ng COITe 1 a t i on. A general i za t i on COIlCf','n i ng 
lucal scattering in the vicinity of the base is also indicatC"'d. 

1 Introduction 

The only existing signal reception model for a base station Io'jth no local 
scatterers . which has been proposed by Lee (1973). assumes that the 
ticat tt"ring In the vicini ty of the mobile is caused by a ring of uniformly 
placed scattert! I' s. This does not pOl'tl'ay the actual situation ... ·hen! the 
"catlel'ing I::. due to randomly posi t ioned scatterers in an area, giving 
sis,nals al'l'idng at the base ""ith random time delays, The model used in 
this paper assumes an amorphous scattering area around the mobile, 
Associating random t.ime delays ""ith individual scattel'el' ~, it Ai\"t!,;; a 
b('tter representat10n of the real chanllf'l, 

In the paper we consider a case in \"hich a l\"o-hrilllch hybdd 
divers i t) system . where the an t.ennas are separated in space alld r"{'lJUI'IIC~, 
is u"ed at the base station . Tht' mobile unit has a single transmittillg:/ 
,'eceiving antenna , 

2 Proposed Model 

2 . 1 Basic Assump t. ioos 
Suppose' tha t t ... 'o signals of different frequencies WI and 1...12 ' which are 
t"<\llslllitled from the mobile. propagate by way of scattering f,'om N 
se<lttf'I'f"'S l'<ll1domly p laced over an a r ea around the mobile and an' I'("('("'i\'ed 
at t.wo base antennas , each tuned to one of the frequencie~ ( se(" Fig, i). 
Then, at. both I'eceivlng points thel'c ,"' ill be N component waves . a l l with 
,'andom amplit.udes, phases and ang l es of arrival. The random amplitude,,; can 
ha\e any distribution. The phases are assumed to be uniformly distributed 
o\'er [0 ,2,,), The angles of a rri val at both rece i ving points at the base ar(" 
approximately the same since the propagation distance is large compared to 
the antenna separation . These angles of arrival will be assumed to be 
idt'litically distributed for each of N scatterers and its distribution ... · i l l 
be t.aken as uniform over a very na r row range , We assume that thel'(' are no 
local scatterers around the base. The propagation time delay and angle of 
a 1'1' i va I 0 f each componen t wave ". i II be cons i de red to be i ndependt'll t , a nd 
the distribution o f time dela~ difference T, ""hich is defined relative to 
tlr(' short("st propagation delay To' ""ill be taken to be exponential (Clarke . 
i968 ) . It i.., also assumed thai isotropic antennas are used at. the base. 

2 . 2 Derivatioo of corre l atjon coefficient 
Signal statistics at the base station can be determined from the proposed 
model , and in particulal' the envelope corre la tion of the received signal s 
sf'parared in space and f ,'equency. At l"ach of the receiving antennas A and 
8. the received signal I.'ill be the superposit ion of N .... aves. one of them 
being the time-shifted version of the othel", Thus 
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- jwl[T·+ 2< cosa.] jWl' e I C I e ( I a) 

and 
N . [T' J . "t""'" - JW? i --2 coso,. )W2' 

vB = L aie ~ C e ( 1 b) 
i=l 

.... here Qj and 0i are. respectively, the amplitude and angle of 8.ITiYal of the 
jth '.;a\'eform. T j is the propagation time of the ith ... ·aveform al-riving at the 
centre point l\f between A and 8. The antenna separation is denot.ed by ( and 
c is the speed of light. 

The coval·iance function of (..\ and t'B ' denot.ed by Rl,(~,n). is thl' mean 
of their conjugate product ; namely. 

_ { ~ • j(wc-~_)[T'.+2',COSOi] N -j(wc+~)[T.-1-C05a.]} 
Rt:(~.n) _ E ~ajl! . 2:::aif _ ! 2c I 

i=1 i=1 
(2) 

'.:hcl'e 0=-'1- .... 2 and We =(""1 +..J2)/2. To a good approximation. the correlation 
coefficient of the signal en\'elopes is equal to the squared magnilud~· of 
the correlation coefficient of the complex signals (Clarke. 196~ ) .Thu s 

taking the ("xpectation in (2) under the assumptions giyeu in Section :!.1 
and simplifying. the corre lation coefficient of signal enH'!opeti (,flll be 
shown to be equal to 

;
0

0 +#/2 r" ~'I(<'())= IRv « .(1) 12 = 1, 2 '., exp(jk,coso)do 
1+\1-S {3- 0:

0
-(3/2 

(3) 

,,-hel"e S is the time-delay spread (Clarke. 1968) and k= ... ·c/c. In obtaining 
( 3) the probability distdbution of 0 is taken to be uniform 0,"1"1' the range 
[°0-3/2 . 00 +3/2,]. ~ote that the term 1/(1+02S 2) is the frequency 
COITeiaLion coefficient .. ·hereas the rest corresponds to the SpAtial 
cUrI"elation coefficient. Frequency-space correlation coefficient P!t'I(~.\1) 
can be obtained by numerically c,"'aluating the above integral fOl' ,,"!wlpn't· 
lhe mean and width of the angular sector is. 

2.3 S i mpl ified expressions for Qo=O a.nd 0 0 = 7f/2 . 
The integral in (3) can be solved analyt.ically for specific vil.lue,.., of 00 ' 

and in pal,ticulal' 0 and rrl'l "'hen a is very small. Considet· t.he ca~l' ,,'hen 
0 0 =0. that is \o.'hen the mean angle of al'rival coincides with thE" axi,. of the 
diversi ty array . To obtained the spatial corre lation coefficient. of signal 
envelopes . 111'1(0. one can use Taylor series expansion for coso around 0 up 
to the ~econd ot"der. that is co~o:::::1-o2/2, This yields 

1':f(u)F 
~,,(O "'--,

u 
( I) 

whe l'e GJ(u) is the Fresnel integral in complex form (Clarke and BI'OWll . 1980 ) 
and u=:3(02),)1/2. In the case of oo=rr/2. t hat is when the mean direction of 
arrh"al is pet"pendiculal' to the axis of the antennas (broadside ca:>c). one 
can use the approximation coso=sin(iT/2-0):=:::iT/2-cr.Thus \o.'e obta i n 

(5) 

2.4 Comparison of t heoretical results witb experimental data 
The spatial correlations. Piv l(O. can be calculated numerically from (3) ror 
al'bitrary 0 0 , Figure 2 shows /'11'1(0 against normalized antenna sepal'<llion. 
for Vat'lOUS 00' Here. J=l . The curves indicate that . to achie\e a 
correlation of about 0.1. a sepal'ation o f at least 18)' is necessal") \o."!lt.·n tlw 
antennas an! placed perpendicular to the mean direction of aITh"al . 
lI o\o.e\'er . for 0 0 =0 . , the correlation does not decrease significantly up to 
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st'parat ions larger than 100'\. That the in-l ine case correlations ttl'{" milch 
hi.v;he,· than those obtained In the broadside case is reasonable . sinn" t.he 
t ... 'o n'ccived fading signals will tend to be the same in the in-line case . 

10 \1(>11 "0> 10 the correlation falls off fast I.'i th increasing U o and fOI' 
tto > 50 ' 00 has little effect. on the corre l ation . 

The experimental data due to Lee (1971, 1973) are used to verify 
these results. The theoretical curves calcu lated from (3) for various (3 as 
... ·l·ll a,; "OlUe expedmental data taken ... ·hen no local scatterers arc pl'esent 
art' illu"trPLtt'd in F'ig.3 and 4 for 0 0 =30 and "0=60 - . respecti\'ely. It 
can he s(>t'n that the agreement bct'"reell the theoretical curves and variolls 
data 'O('ts is good. Also . t.he ,:i values for ""hich the theoretical Clint'" fit 
experimental data are consistent for the 0 0 =30 . and 60 · cases . ralul' of j~ 

in the "ange 1 ..... 1.8 " give t.he best fi t to Lee's data. Also note that the 
con'e la tion increases as 13 decreases: that means, directivity featul'es of 
thL' incoming signal affect the cOITelation . 

Theol'etical correlations suggested by Lee 's model ( Lee, 19(3) al'e 
c'onsidf'rabl)' lo .... el· than most of the measured data except when B is very 
small (0.4) . There is also inconsistency between values of f3 for different 
incoming dil·ections. In this sense. the model proposed in this paper seems 
to g i \ 'e a be t ter agreement .... i th the measu remen ts compared to the mode I 
proposed by Lee (1973). 

3 A More General Model 

In tlte l)I"oposed model .... (' ha\'e assumed that the angle of alTi\al and 
pl'opagation time delay of a component ... a\'e al'e independent. This is a valid 
assumption for the case ... hen the scattering area surrounding the mobile is 
fal' a ... ay f ,' om the base and no local scatterers are present al-ound it . In 
tlli" case . a particular angle of arrival can be associat.ed ""ith ~e\'eral 

po-;sible time delays due to diffel'ent scatterers .... ithin the area, Thus a 
cO ITt.,1 a t i 011 b(' t ... 'een the .i ncomi ng d i "E"C t i 011 and ti me de lay '.'OU 1 d not be 
1 ikl·I~. 1I0"'C\·l'I· . In the case of local scatterers around t.he base longer 
I im{' delays call be associated with certain directions depending on the 
shap(' of thi~ scattering area. Therefol'e. in this more general cast' . (2) 
... 'ould be gi\'en ill the form of 

UII ( €,I1)=exp l-jOToJ!oJ/(o)p(Q,r) exp[-jOrJ exp[jk€cosaJ do dr. (6) 

Thilt m~'alls . there ... ill be coupling bet""een 
('0,'ll"lation5 a" the) are determined by the joint 

t he frequency 
pdf pea, r). Not.e 

and 
t.ha t 

tILt! antenna gain functioll g(o) is included to repr'esent cases 
non isotropic antennas are used at the base. 

space 
in (6) 

... ·here 

011 the other hand. the model can also be general i zt'd to take tht:.' 
effect of pos~ible local SCatlel'er~ b~ a proper choice of p(o). In ,.,uclt 
Ca~l'''' ,'(0) can be considered as a superposition of t ... 'o pdf·s. one of them 
bpill2; 110n-7.('1·0 over a ... ·ide range (possibly [0.211")) to represent t.he local 
,-;CRt\(' , ill~ effl'cts and the othc,- being uniform to represent main incoming 
:; ign8 I. 

4 Conclusions 

.\. stPLtistical model for base-station diversity recept.ion has heen 
dl,,\t'Jopt'd. r",illg the mod<"l. analytical relations for the ('n"elope 
CUZ·,'l' Iii t i on h8..\·(' been found. rompal' j sons bet\oo'een the theoret i ("8.. I Z'c;:;u I ts 
anl'1 "ome avai lable experimentfll data provide adequate just.ification for the 
model, The model proposed in this paper has mor e flexibility and 
applicabili ty than the one due to Lee (1973), ",'hich is the onh othel' 
avai table model. I t is also more consist.ent with the measured data. 
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