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Abstract

The Delay Spresd Profile for a dense mubiipath
environment, modeled ns 8 Wide Sense Stationary
Uneorrelated Scatterers (WESUS) channel, has recently
been derived [1] for stationery iransmitter-receiver pairs,
The result shows the dependence of the profile on
wansmdrier-receiver distance. In this poper we sxtend
the analvsis w due cage that this distunce is changing at
constant  welocity, mdecing differemt Doppler shifis
depending on the relative location of the scatierers. The
Scattering Fanction is the power speciral density of the
received signal, ns p function of the delay and Doppler
coofdinates. It i% of interest fior the annbysis of mahile
ramsmisgion of sysems in which the handwidth is
comparshle t0, or larger tham, the reciprocal delay
spread of the communication chamnal. For evaluation of
marrow-barnd  svitems the delay-independent power
gpectral  demsdty, koown as  the Jakes miodel, is
appropraate. When the Delay variable 15 integrated out
in the Scanering Funcuon, the Jaikes model is oblained,
When the Doppler varigble i mtegrated oul, sllowing
for slight differences in the topological layouts of the
two models, the Scatering Function reduces to the
Delay Spread Profile mentioned above,

1. Introduction

Any himear Ij:rr::wu’ring system can (1] I\Erﬂ'ﬂﬂtﬁ.‘l IJ-:|.'
the impulse respoase, &), defined implicidy by the
input-outpust [ 5t ] 10 r{r) ) relationship

rlt)= I.in{r,r}sfg - Tldr. i

The spectral representation of particular inserest for our
application is oblained by the Founer ansform over the
tmne-vartable, £ :

wiru)= _[hl:'z‘. ) e i

of cowrse ssummng  that  the  conditions  for
transformation exist, Funther. the ootpat signal i3
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where (7, v)is the 2-dimensional complex weighting
function of the delayed (by 1) and Dopples-shified (by
v} :rlg:lul:uj;ml. se)

If adjacent scafterers are wncorrelated at arbigary
closeneas, (7, v)can be modeled as a white process

ol el
o s{fr “:Hﬁ =5y Jo(oy ~ 1

In this case 5(7.v) is called the Scattering Function.

(4

Under Rayleigh statistics, w{r.w)is a complex
Craussian process and then knowledge of the dependence
of 5(r,¥) ontand v enables the generation of sample-
functions gi{r.v) to be used m (3) for system
performancs simulation.

In the sequel, S{r,v] is derived for the model of

relatively moving transmitter-receiver link in andformly
dismributed wncorrelated scanesers, swch as has been
imroduced in [1], withowl motioen,

For evalustion of nafrow-basd systems the delay-

independent power spectral density (PSD) known s the
Jakes meude]l [2], is appropriate, Tt is obéainable from

5(r, 1) when the delay variable, . is integrated o,
under a specific condition on the transmitier-receiver
separation. The imporance of S(r,v) is apparent for
large bandwidth mobile communication systems, where
delay-dependence 15 crucial, It should be noted that
scabiering fanctions bave been investigated for iooe- and
mopo-scatter applications [3].



2. Derivation of the Scattering
Function

We consider o transmitter moving with velocity Vin the
diraction of the fixed receiver, Then all the scattsrers o

an mexklsnce anghe € fraem the main axis of the alllpsss
induce the same Ifln'pi;ll-:rn:lﬂ's:t

l{a}:%mﬂ-mmﬂ, (5]
where Vis the velocity of the mebile.

On the other hand all the scatierers in an elliptical
ancules indoce the same delay, T, & in eguoation (4) of
[1]. Thesefoss the valwe of Sl:f.tl']-. for a uniform
distributinn of scatterers, ns considlered in [1] ks given by
the relative area of the elemeniary surface enclosed
berween swaight limes at ieclinstons (ooo+dod and
ellipses at combined focal distances (r, rede ), as
illusmrated in fipore 1.

Figure 1. Dense Scatterer Model with Elementary Arca for given (T, v) hightigheed

We have
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In [1] we have shown that
drdl = i, dr (7

whena r=r+r, and Jy, given by sguation (1) of
[, is
_4x'D?
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imegrating over all x and all r. Here, for the mobils
soenario, we moed 1o egrabe over T and B, The
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relation betwesn T and r is easy (% = o) we noed the

relation between x; and v, and will do this via x and o

since the relation between dor and d'v 15 (e2e (5])
du=—y, sine de, (&)

5o we focus on %umummﬂm L

Figure X Elementary increments along the ellipss (27
and normal to it (dr )

First, we observe that for infinitesimal & and da,  the
area dl'ldfl:l:l.ﬂ.'ll'ﬂ.ln.l'l".l':l s equal {to first order) the anea of

the parallelepiped (hashed W),
Define
=2 =unb.
and
= [.E+£ !=+ y
i 3 i
Then
o
T;::mﬂ. Q)
P is defined by
rdg=dl cos#, 10
and 20
T
ﬁ=ﬂ+[ﬂ'—E:I. {11
whach results m
cmﬂuzin{a'-rﬂ::l.
D
coa

Also,

fi m I
ocos 7

Finally,
dx, r cos#
—_— ey
ol sinfer+8) {12)
=dat, .
which defines J, .. the Jacobian of the new
transformation. The final Tacobian, S, (using £, from

equation (Ta) sbove), is
dndl= JioJ, ldecdr, (13)

and using (8] we get

I
g ["” Tae E?EE]‘”*" (14)

= J ppdt dr,
We now need 10 express Ja. in terms of v and r. For
this we need w solve the following v eguations
r.nn::r---i-ﬁ. (1%5)

4=
2

and, from (5) of [1],
2
P ;"l -i. {16)
=D 4
for x and in terms of F and o, 1o subsdtute m Sy Also,
requites ry and ¥, in terms of r and ¢ From (4) of

Ty,

[

3
] 1
3 fi=r-— J‘—E) +¥ . (17}
and
. _
}'J dl.',
which, from (5) of [1] is
2rxdi+ 12 =1, 18
Irl—n"f‘" (18}
T it
jrr—dr— e {19

Using x and y as a function of vand v in all of thess
yiekds

JHI:J'.'U.:I -
P D[ ar



05k
- = | =Z|1=|—
U ¥ Pt
(5), (6, (15). and (16))
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where (using equations

1.I.l11-£l'

DI
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Lan ir = [—-vi) -1. (Z20a)
)

To check the derivation, the integral (for given <) of S5
aver ¥ (0, =) was compared o that of Jjp over x (0, #2),
bath yielding d4(7), the elementary ares of an elliptical
apmnualus, as in [11.

3. Results

3.1 The Scattering Function, 5(r,v)

Following equation (3} of [1], S(r.v) is defined by
dP_(r,v)=5(r,v)drdv, and therefore

a L s
i ln kg (n ) [ o?

Sruv)=

J ot (o 010210

where
wa

(r. )= [_H %J +3%,

3
rirv)= (:—E) +y.

ond ¥, v, [* and rcan be obiained in terms of ¢ ad ¥
from equation (20a) above. Distances are converted o
time by dividing by the speed of light, ¢, 0, a function of
the iransmiced power, deosity and cross-section of
scatterers, and antenma apertuse, i3 a constant.  Figure 3
shows  S(ru)focDelidd, §F=90MHz, and
V=100 kmi .
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Figure 3, The Scattering Fusction, 5[, v)

3.2 The Stationary Case

As a funther check on the decivabion, figure 4 shows the
Dielay Spread Power Profile a5 a function of T, the time
of arrival after the first armval. This was obtained by
integrating S, v) over all v. It closely masches the

Delay Spread Power Profile, U7 D)in Figure 2 of [1].

wa e
Tlin ns}

Figure 4. The Power Dielay Profile as a functon of the
tirse-delay after the first armival



3.3 Narrow BW Case, the Jakes Power
Density Spectrum
Integrating 5(7,1) (equation (21)) over all 1, gives a

resull close to Jakes' PDE, JP v ), for D—0 when
properly normalized. The figare below shows 4P © | for
& mobile velocity of 100 km/h (Doppler of about B
Hz}. It shows good agresment with Figure 1.7-5 i [2].
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Figuare & dF v ) for Velosity = 100 kmr

4. Simuolation of wideband fading
channels

Modeling the temporal dynamics of chanmel impulse
responses 1= impodant for qnl:l.rmtr.]r Fimu]ll'i,ng thiz
performance of mobile commomcation systems. For
example, the Momh American TDMA cellulanPCS
standards  [4], specify  the minimum  required
performance of meceivers for a given st of vehicke
veloctbes and Delay Spread profiles. The spectfied
channels are simulated wsing the Jakes model. In arder
to realistically suwulate the performance of thess
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communication systems in the feld, &t is crdcal w
accurately madel the mobile channel impulss response

Figere 6 shows an example of the in-phase (1)
component of a channsl impulse responss generated
using 5(z.v), for a vehicle velocity of 100 kmMh, and a
transmatler-recaiver scparation of D = 1004, The
temporal evolution of the first five samples of the
channel imipalse respones ae shiwn,

I"I'EII{T-l ”

Figure &; Evolution of the in-phase (1) companent of the
channel impulss response generased using ${r.v)

References

[1] 1 Bar-David and R Krishnamoorthy, “Delay
Speesd Profiles and Receiver Performance in a
Dense  Multipath  Environment.” sccepted  for
publication in JEE Proceedings-Commimnications

[2] W. . Jakes (Bd.), ‘“Microwave Mobile
Communications,” Mew Yark, NY, IEEE Press,
1993

[3] “HF lonospheric
Repor 3463, 1990

(4] “TDMA Cellular/PCS - Radio Interface - Minimum
Performamce  Standard  for Mobile Statioas.”
P3G0S (15137-A)

Chanme]  Simlarses,” CCIR



