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Theoretical Analysis of UHF Propagation
In a City Street Modeled as
a Random Multislit Waveguide

Reuven Mazar, Alexander Bronshtein, and |.-Tai [Senior Member, IEEE

Abstract—in this work, we perform an analysis of a channel for city street acts as a waveguide channel for the propagating
the UHF wave propagation in the city street. The street is modeled signal. With different approximations, the problem has been
as a planar multislit waveguide with screens and slits distributed studied both theoretically [6]-[12] and experimentally [6]

by a Poisson law. Statistical propagation characteristics in such ; . -
a waveguide can be expressed in terms of multiple ray fields [13], [14]. Propagation along straight streets with irregularly

approaching the observer along a direct ray and the rays reflected SPaced high buildings when the transmitter and the receiver
by the waveguide walls. The corresponding average field and are both located below roof level has been investigated and a

intensity distributions can be transformed into the sums of mode-  statistical waveguide model was applied for computations of
like solutions using the Poisson summation formula. Numerlcal the line-of-sight (LOS) attenuation in the city street [15], [16].
examples are presented and compared with the experimental - . T
data. In this paper, we extend the waveguide model by employing

ray-optical methods [17], [18]. This approach allows us to
compute not only the variations of the energetic parameters
of the field along the city street, but also to present analytical
|. INTRODUCTION expressions for the spatial structure of the field.

In Section I, we model the city street as a plane parallel

T HE design of new highly capable mobile communicatiop aveguide with a variable reflection coefficient. Using this

systems has created the need to improve and develd . -
) . o del we present the field at the observer as a superposition of
new theoretical models for wireless communication channéls

in dense urban and suburban areas. The identification ngyltlple ray fields traveling from the source. These ray fields

. . . . can be classified as 1) direct or refracted rays; 2) reflected
typical structures and the design of efficient algorithms for the "~ .
. . . s . rays; and 3) rays scattered or diffracted by obstacles such
computation and mapping of the field distribution can provide . : .
. . ... as buildings and the surface of the terrain. In Section Il, we

a useful tool for the optimal design of local communication

networks. As a result of the irregular spatial and temporc nsider a waveguide with randomly distributed screens and

structure of the urban environments the signal from the trar}s(s)l-tS along its boundaries [15], [16] and construct expressions

: . . . . r the average field. The resulting average ray sum can be
mitter arrives at the receiver along multiple ray trajectories : ) . . )
ietransformed into a mode-like solution by using the Poisson

Index Terms—UHF radio propagation, urban areas.

resulting in significant phase and amplitude variations [1]-[4]. . .

. . um formula. In Section Ill, we present algorithms for the

In order to perform a detailed analysis of such complex . : T

L . : average intensity presenting it as a sum of coherent and
structures, it is appropriate to lay the emphasis on methods . . .

noncoherent parts. Using the foundations of the geometrical

that rely on th_e ph_y3|cal mechgnlsms of the propagatl(f eory of diffraction (GTD) [19]-[23], we show how the
phenomena while using the experimental data to determine . i
iffraction effect of the building corners can be accounted

model’'s parameters. The statistical analysis is left to the finfa

stage. Recently, such an approach was employed to pred%t (Appendix B). Numerical evaluation of the algorithms

. . . -and comparison with the experimental data is presented in
propagation loss in urban environments when the transmitfer

antenna is located above the buildings [1], [5]. Attempts ggeetion V.
reduce the interference level and a consequent increase in
the spectral efficiency of the cellular radio communicatiop. Eormulation of the Problem

systems require the reduction of antenna heights. Placing th(?n this section, we apply the ray-optical method for the

transmitting and receiving antennas below the rooftops resulﬁs ne-parallel waveguide with range-dependent reflection co-

in a sharp change in the character of propagation where g}%:ients. The propagation geometry is shown in Fig. 1(a)
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S~o N is the contribution of the multiple reflected rays digz, v, 2)
AL S \951 is the diffractive term contribution. In general, the amplitudes
~o AN of the diffracted fields are specified by the incident field
~3 N amplitude at the corner location and the diffraction coefficients
Zhxg [~ RSN D,(6in,04). These diffraction coefficients are determined in
2 29 RN the GTD [19], [21]-[23] and are functions of the directional
anglesd,, andé, of the incident and diffracted rays. As is
shown later in Appendix B, the diffractive contribution can be
neglected. In ()} (.4, 2 | 03,,), 5 =1, -+, 4 are multi-
ple reflected-ray fields arriving from the sourfgzx.,y.,0)
along different rays. The propagation ranges along these
rays can be determined from the image source picture [see

Fig. 1(b)] and are given by [18]

4h —

h

S(Xs,¥s)

: ot = {27+ [2mh + oy — o’ + (s £ )7} (3)
Bl 05 = {7 + [2mh + 2y + 2]’ + (ys £ 9)*}/? (@)
05 = {2+ 2(m+ Db — (25 + ) + (ys Ty)*}/?
®)
(b) O =17+ [2(m + Dh = (z, — &) + (v £9)* 12
Fig. 1. (a) Multislit waveguide model of a city street. (b) Image source (6)

representation in the plane-parallel waveguide.
There are four indexes in (2) that distinguish the range

. oordinate:Z-™ for each reflection. Indexy = 1,2 denotes
compared to the distanegthey dependence can be neglected:. a4 :
X - .~ "@ither the lower or the upper boundary. Indgx 1,2, 3,4 is
The reflection coefficients are assumed to be also functions 0 . : . .
S related to the different ray species with ranges (3)—(6), while
the wavefront incidence angle.

Let us first consider a waveguide which is infinite and? for each of these species defines the number of reflections

homogeneous in thg axis (absence of the ground reflectior?f agiven ray. Index. runs over these reflection events as is
. T ; seen from Fig. 1(b).
surface) and with random distribution of slits and screens in _
In (1) and (2), we have used the range valags, only.

the » direction. Then the field/;(r, z), r = (z,y) observed T , .
at M(z,y,») due to a unit strength monochromatic poin{rhe O m TMS will be used later when the ground reflection
ill be taken into account.

source atS(z,,ys,0) can be expressed as a sum of severd . .
field contributions: 1) field arriving directly from the source at 'The path!engths in (3)-(6) are determ!ned by.the. analogy
with a continuous plane-parallel waveguide having ideal re-

s, Ys, 0); 2) fiel ivi I Itiple ref . oM X _ X
Stws, s, 0); 2) fields arriving along multiple reflected rays ecting boundaries in which the multiple ray hierarchy can

with strengths proportional to the powers of the reflectio . o .
coefficients of the waveguide boundaries; and 3) single a g replaced by an equivalent distribution of real and virtual

sources [Fig. 1(b)]. Each virtual source associated with the
reflecting rays gives a contribution ekp(iko; ,,)/ (470 1)
Up(z,y,2) = Up(x,y, 2) + Uz, y, 2) (1) to the total field at the observer.

multiple diffracted fields
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B. Average Field Presentation in the Waveguide In the case of horizontal polarization, the reflection coefficient
In this section, we consider propagation along the stregdn be assumed to be real and constant with a value close to

waveguide and construct the average measures assuming thaf25]- Thus, we can use (14) again, assuming 0. .
the lengths of the screeris and the slitd are randomly dis- I addition to the reflected rays there are also fields arriving
tributed according to the Poisson distribution lajuexp(—£) at the observer along the rays diffracted from the building

and%exp(—%). Here, L and! are the average values, respeccorners. Because of the random distribution of the slits and

tively. Reflection from the screens is taken into account I$greens the terms arising from the diffraction at the street
introducing the random reflection coefficients(~) andV,(z) corners add incoherently and their contribution to the average
with symbols “1” and “2” denoting the waveguide walls  field is negligible.
We apply these assumptions to calculate the average field.
pi = p;exp(ip;), onthe screen ¢=1,2 Applying an averaging procedure to the expression in (1) and
Vile) = {0 on the slit () rearrangi i i i
, ging the terms in (2), we obtain the average field as
a sum of two terms in whichy defined in (11) appears as
We note that the reflection coefficiemt is generally a parameter. Denoting the street structure parameter ¢—@

complex function which is dependent on the incidence angjgere 4 is a any positive number, we obtain the following
and polarization of the wave. The average moments of thesg,ression:

functions are [24]

L (U(,2)) = =Pl —,0| 0] = Pla, +2,0| 1]} (15)
(Vi(2)) = xpi = E——i—fﬁi’ i=1,2 8 7 _ _
where P[Az, Ay | «] is defined as
(Vi(z1)Vi(22)) = K (21, 22) 9 00
PlAx, A = <xp{—|[2 [2m+of
(Vile)Vi(2a) -+ Vilen)) (e Ayl = 3 expl=fzm+ ala}p(m)
= {(Vi(z1)Vi(z2) - - - Vi(zn_2)Y K(2n,2n—1)  (10) o P {ik\/22 + 2mh + Az)? + Ay?}

! 22 + (2mh + Ax)? + Ay?
where we defined the street structure parameter VA" @mh o+ Ax)? + Ay

(16)
X = ,L_ (11) Now we extend the analysis to the three-dimensional case
L+1 by taking into account the reflection of the ground surface.
The correlation functior (1, z») is given by [15] Here, the average field is a sum of one direct ray and rays
that approach the observer after reflection from the waveguide
) 7 1 1 walls plus all the rays that come to the observer after the
K(z1,22) = X {1 + 7 P [_ <f + 7) |21 — ZQ@ } reflection from the ground surface. The average field can be

x pilen)i(z2). (1) fepresented as

The distributions of the reflection coefficients of the first {Us (@, y,2))
and the second street walls are assumed to be statistically = —{P[z, — z,y, —y | 0] — Plz, + 2,9y, — v | 1]
independent, i.e., dm

= Vo(Ples —x,us +u | 0] = Ples + 2,0y, + v | 1))}

i(2)Va(2)) = (Vi(2))(Va(2))- (13) (17

The actual values of the reflection coefficient depend on tHé1ere, v, denotes the ground reflection coefficient which
ray-incidence angle and the exciting source polarization and® small glancing angles remains almost constant for both
generally a complex number. For sufficiently small glancingolarizations and can be assumigd= —1.
angles the reflection coefficient can be approximated as (seén the case of a vertical polarization with respect to the
Appendix A) waveguide walls, the ray-field sums in (17) have a rapid con-
vergence because of the fast decay of the reflection coefficient.
pi(m) = —exp(—vy;m) (14) Inthe case of the horizontally polarized wave, the convergence
of ray-field sums in some cases can be accelerated by applying
where indexm according to (3)—(6) is related to the incidencéhe Poisson sum formula [17], [18], [26]
angle and the coefficient; is a function of source polariza- - -
tion, radiation frequency, and the electrical properties of the 1 = .
reflecting surfaceg. ’ PP m;m f(2mm) = 27 Z /_Oo H(&)explige)de. (18)
In the case of vertical polarization of the incident electric
field with respect to the reflecting surface, the reflectioApplying this transformation to each of the sums in (17)
coefficient can be approximated by the general form of (14nd changing the integration variables in the integrals to

g=—00
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t = (h/7m + Az leads to propagation ranges. It allows us to approximate the intensity
as a square of the absolute value of the field
PlAz, Ay | o] )
1 i /oo exp {ik\/2Z ¥ Ag? T 2} Ip(w,y,z) = |Up(z, y, 2)|" (23)
©2h P g V22 + A2 12 Explicitly expanding (23), taking into account the statistical

. properties of the reflection coefficients, and calculating their
|t — Az + chla ig(nt — Ax) .
Xexp|l ———— Jexp|——————2| dt.  statistical moments analogously (as was done for the average
p A p A . . ) :
field) we can represent the expression for the average intensity
(19)  as a sum of coherent and noncoherent portions

Representing the second exponential term containing the ab- (I(z,y,2)) = (2,9, 2)) + (Ine(@,9,2)).  (24)
solute value by its Fourier transform and combining e o
terms forkz > 1 we can approximate (18) as a mode_"kgor not very small values ofa” (Wthh IS JUStlfled for almost

expansion with all city areas), the contribution to the sums in (17) and (21)
comes from the terms with low#)” humbers. Therefore, for
(U;E (z,y,2)) z 3> 2mumaxh, Az, Ay, the coherent part can be approximated
_ 1 [ exp{ikz? +y, £)2)? + in/4) 2
w2\ 2k 2+ (s £ 9)/A (Le(z,y, 2)) = [(Ur(z, 5, 2). (25)
X Z / ng The noncoherent portion can be represented by the following
m=0 —o §7 1 formula:
il22 L+ y)? 1/2 2 N
e - R e e,y 2) = (Lo, 2) + (I(o,p ) (26)
AL, s 1 where
X sin —éa|l ——
e -3) e
mre (e 1 (Lela,y, ) = Y {QIW[2m] + Q2 W[2(m + 1)
X Sin|: h — a<ﬁ — §>:| (20) m=0
+ QsWP2m + 1]+ QW [2m + 1]}  (27)
When the source and the receiver locations satisfy the
conditionz > |y, +yl, the expressions in (16) and (20) can be 1 1 2coslk(o;, — o—;rm)]
substantially simplified. Expanding (17) into the Taylor series Q= o )2 + o 2 o ot
of y + y,, the expression for the average field becomes Jm Jm Jmedm
j:1,~~~,4, (28)
(Us(,9,2)) W (m) = [exp(—alml) — exp(—al2m|)][p(m)]*""
ik 2 2
=2 sin<kysy> exp lL (y52+ v’) <U}d(a:,z)> (21) (29)
4 4
is the noncoherent part due to the reflective terms and

where (U’ (z, z)) is the average field distribution in the two-(In.(z,,2)) is the noncoherent portion arising due to
dimensional case, i.e., in the absence of the ground surfg#éraction from the slit edges. It can be computed by

and in the modal form is represented as addlng the contributions of all edges with Corresponding GTD
) ) coefficients. An alternative way is presented in Appendix B.

(Ut (,2)) = L |7 explikz +in/4} According to the results in the case of the vertical polarization
m2h '\ 2k V7 this contribution can be neglected for all practically important

N[0 de iz(€a + mm)? ranges. In the case of the horizontal polarization, the diffractive
X Z [m 2+ 1 €XPy — 2kh2 sum can be neglected up to the ranges of 1 km. Beyond this

m=0 range it can be estimated, as shown in Appendix B.
% Sin[mms _§G<E _ 1)} Using the approximation as in (21) for the noncoherent
h 2 portion and substituting the explicit form of the reflection
.| mmx z 1 coeficient, we obtain
Xsin|—— —€al - — = }|. (22)
h h 2 -
<Inc(x7y7 Z)>
In the case of a continuous waveguide= 0) the expressions i oo W (2m)
in (20) and (22) reduce to the modal expansion of the field = 4sin? <ﬂ> Z 5 m 5
[17], [18], [26] 2 ) e # bt (s — )]

We2m+1
C. Average Intensity + ( ) } (30)

22 4 [2mh + (2 + 2)]?
In Appendix B it is shown that the corner diffraction con-
tributions are negligible for most of the practically importanThe coefficienti? (m) was defined in (29).
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Fig. 2. Signal-strength variation with rangantenna height 5 m) 870 MHz. Fig. 3. Field-strength envelope variations with rang@ntenna height 9 m)
Dashed line: theoretical calculations. Points: measurements of [14]. 870 MHz. Dashed line: theoretical calculations. Points: measurements of [14].

D. Numerical Example ’s

To compare the algorithms presented above with experimen- 1.
tal data, here we consider a nonregular street waveguide wgh 0—; ‘;\’,\
a street width ofh = 30 m and choose the street structure; -85 LR
parametery = 0.8, which was detemined from the datag 4] T
described in [14] and is close to the value characteristic t® ] .
inner London where the measurements had been performgd '95“; ‘e .
[13]. The transmitter—receiver configurations were also chos§1 -100 AN
according to these references. 105 T
In Figs. 2—4, we present the signal strength as a function ] "
of the range according to direct calculations from (24)—(30). 101 “f"“‘.
In Fig. 2, the signal dependence is given for the radiation .15

T T T T T T T T T T T [ T
1000 1500 2000 2500 3000 3500 4000 4500

frequency 870 MHz and the transmitting and receiving antenna 300 Ranae m]

heights 5 and 1.5 m, respectively. In Fig. 3, the transmitter

and the receiver antenna heights were 9 and 1.5 m resp'@?&“- Path-loss variation with range936 MHz. Dashed line: theoretical
. . . . ; (ha culations. Points: measurements of [13].

tively. We present the maximum and minimum field-strengt

amplitude envelopes as functions of range. Since there is

a multiple ray contribution, these envelopes were C":II(:UI"’ltgv(iith higher angles. Since these rays undergo a greater number

using the assumption of Rayleigh distribution. The results WeIE i ections they have a greater escape probability
compared with the measurements performed in [14], whi eCalculating the noncoherent sum, we find that it is almost

in Fig. 2 we obtain good agreement with the experimenthﬁlltdmthm the waveguide cross section. In Fig. 6, we draw

data; there is a sharp spread in the measurements presepie : : : .
o . . {be normalized noncoherent intensity part as a function of the
in Fig. 3 after the range of about 700 m. In Fig. 4, signa ge coordinate

path losses were computed for the radiation frequency of 9%
MHz, and for the transmitting and receiving antenna heights
of 3 and 2 m, respectively. According to recommendations
suggested in [25] an averaging interval of 100 wavelengthsin this work, we modeled a city street as a nonregular
was used. A comparison with the results of [13] gives goqaane-parallel waveguide and presented the field in it as a
agreement for all propagation ranges. Our results also give theerposition of ray fields arriving along straight and multiple
same attenuation rate as in [6]. reflected random rays. The assumption that the screens and

We note that the algorithms presented in this work can be agits on the waveguide walls are distributed according to a
plied also to the transverse field-distribution computations. FBoisson law allowed us to obtain expressions for the average
illustration purposes in Fig. 5(a)—(c), we present distributioreld and the average intensity. Analogously to the continuous
of the coherent intensity part normalized to the intensity of g@lane-parallel waveguide, these expressions can be reduced to
direct ray, with a street structure parametet 0.5 for ranges mode-like expansions by applying the Poisson sum formula.
z = 1km, 2 km, 3 km for different source locations. AnalyzingAnalyzing the field structure, we found that higher modes are
the behavior of the coherent part, we note that there ispeesent in the expression for the average intensity only at short
smoothing of the field pattern with propagation distance, i.@ropagation distances. With increasing propagation range, the
the contribution of higher modes into the field pattern becomasmber of multiple reflected rays dominating the higher order
weaker. This behavior can be easily explained since the higileodes decreases, contributing less to the total field and thereby
modes are created by the rays incident on the street boundaréssilting in smoothing.

Il. SUMMARY



MAZAR et al. THEORETICAL ANALYSIS OF UHF PROPAGATION IN A CITY STREET 869

Lx2A L@ A
1.5
7 4 =05
6 4 124 T
K z=3km K x=0.4
5 z=1km 0.9 -
*/ 0.6
4 0.3
0 T T T T >
100 325 550 715 1000
Range [m]
- > Fig. 6. \Variation of the noncoherent intensity normalized to the intensity of
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APPENDIX A
Lxz) A
CALCULATIONS OF THE REFLECTION COEFFICIENT
7 As indicated in the text, the field from the source arrives at
the observer along multiple rays reflected from the walls of
6 - z=3km the street buildings. The reflection coefficient is dependent on
5 - z=lkm the incidence angle and thig-polarization can be calculated
/. from the well-known formula [25]

esin b, — e — cos? 8,
p(m) = (A1)

esin @, + e — cos? 8,

where
e=¢€, —10; 0 =060\o
h ?
sin@,,, = m—; cos b, = ;.
22 + (mh)? V722 + (mh)?
(A.2)
The real parte, of the complex permeability represents
7 4 the dielectric properties of the reflecting material, whilés
related to its conductivity. According to [25] for the urban
6 1 z=Zkm  z=3km z=lkm regions, the typical values akg = 3, ¢ = 10~* \Mhos/m.
5 / Then using (A.2), the imaginary part in (A.1) is practically
e zero and the modulus @f(m) can be approximated as
4 4 !r ' '..- s
at? = 2te, /B +
34 EWAR _ lp(t)] = —3 (A-3)
ERVAW i N at? + 2te, /B + 8
2 where we introduced the following notations:= 2+-¢,.+a2,
14 /A N ' B =¢e.—1,t=(mh)/z
S “alod T - In the case of an irregular waveguide with slits, the number
0 ' . T ' ' et f rays contributing to the field at the observer is limited and
a5 10 5 0 5 10 s xMm]  ofray 9

decreases with the increase of the street structure parameter
© x. For example, whery = 0.8 (long buildings), the number
Fig. 5. Transverse variation of the coherent intensity normalized to thsf important reflections is less then 20. In this case, the phase

intensity of a direct ray(x = 0.5) as a function ofr for different range . . . . .
planes and source locations. (8) = 0. (b) #s = 5 m. (c) s = 10 m. The of the reflection coefficient in (A.3) is nearly constant and its

middle of the street is at = 0. magnitude can be approximated as
We hope that the proposed physical model of the city lo(m)| = exp{—ym}, ~= 26—’h (A.4)
street will be useful for describing urban propagation channels. zver —1

The ray approach can be employed to include additional Fig. 7, the approximated reflection coefficient is compared
factors affecting the radiowave propagation such as walith the exact expression. Good agreement is obtained for all
roughness and random changes of the refractive index, whiofportant values ofn. We note that (A.4) is applicable also
are responsible for scattering and fading effects. for wider ranges of electrical parameters.
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[p(m)]™ 1 have the same effectiveness in creating the parasitic modes in
1 T the waveguide. This assumption will lead to a higher estimate
08 k = ~2km of the diffracted mode power. The power-balance equations
2-3km characterizing the dynamics of the coherent field-diffracted
06 | \ field interaction are given by
I dP
04 L \ \><\ I = —(al + adi)P (B-S)
T N \ dp,
A \ \ d?d = —o P+ ay P (B-4)
0.2 2
- AN . |
i *\( where P is the coherent power propagating along the wave-
o bl \'> S s S guide, P, is the power component due to diffractiom, and

1 2 3 4 5 6 7 8

Index m «o are radiation leakage coefficients of the total power and

the diffractive part, respectively, ardy; is the parasitic mode
Fig. 7. Approximated reflection coefficient. Solid line: exact calculationsaycitement coefficient defined through the intensity losses per
Dots: approximation. . g

unit length and can be expressed through the coefficigpniss

APPENDIX B - ?L‘“_
CALCULATIONS OF THE CORNERDIFFRACTION CONTRIBUTIONS L+1

The contributions resulting due to diffraction from theXf course, in general, these equations are much more compli-
street corners can be computed by using the methods of §@ed. However, the calculations show, because of the higher
GTD with given corner diffraction coefficients. This require§n0de leakage, the main contribution comes only from the main
taking into account all the diffracted field species and multiprder modes. Solving the system (B.3), (B.4) and assuming
interactions of different reflected and diffracted fields. thata, = az = « leads to the following result:

_ For a rngh estimate of the magnitude of the diffracted- P(2) = Pyexp|—(a + ag)?] (B.6)
field contributions, here we adopt the modal approach [22],

[27]. Let us first consider a single slit of width in a Pu(z) = Polexp(—az) — exp[—(a+ aai)?]}. (B.7)
plane-parallel waveguide without a ground surface. If thene rejative contribution of the diffractive component can be

slit density is not very high, we can neglect the multipleciimated by analyzing the ratio
interaction of the diffracted fields. Let us consider the field i)
d\Z

in the waveguide as a composition of the intrinsic modes.
P(2) + Fa(z)

Since we are dealing with high-frequency radiatiol >> 1
and kI 2> 1 (where & is the radiation wavenumber arfd We note that with increasing, (B.8) approaches unity and
e whole energy is transmitted to the noncoherent diffractive

is the waveguide width) and the fact that the higher ord
modes have a higher escape probability, we can assume ponent. The rate of increase of the diffractive term depends
¥ the parametera;y, ao, ag;, L, andl. For the numerical

most of the energy is concentrated in the lower order mod
Each mode propagating in the waveguide interacts with t Qample, we chose the following values of the parameters:
=20m 3 Ah=30m, I =20m, L =70 m. Then,

slit and part of the energy diffracted by the slit edges emerggs
through the slit and part of it is returned to the wavegui r E polarization we found that the street corner diffractive
rm can be neglected up to the range of 200 km. For

in the form of parasitic modes. Estimates of the amount E
t Grizontal polarization the diffractive contribution increases

energy transfered to the lower order modes show that in
case of the Dirichlet boundary conditiong-polarization) the more rapidly and has to be taken into account after the range
reaches approximately 1 km. Since its contribution is into the

Qi (B.5)

=1 — exp(—ay;2). (B.8)

relative losses can be approximatedsas = %(%)3/2 and,
for the Neuman boundary conditionsf (polarization), they ,,ncoherent portion, it can be estimated by using (B.8).

can be approximated a%> = ﬁh.
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