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Abstract

In this paper, the effects of various wireless network link parameters on the multipath
fade depth are presented. The link parameters considered are frequency, path inclination,
path length, terrain roughness index and the percentage of time fade depth is exceeded in
the average worst month. The computation of the fade depth is based on two ITU models;
ITU-R P530-11 standard for quick planning applications and I TU-R P.530-11 standard for
detailed link design. According to the results, ITU-R P530-11 standard for quick planning
applications overestimated the multipath fade depth when compared with the estimates from
the ITU-R P530-11 standard for detailed link design. Furthermore, the smooth terrains
presented higher multipath fade depth than the rough terrain. Also, multipath fade depth
increases with increasing frequency and path length, but decreases with increasing path
inclination, terrain roughness index and the percentage of time the fade depth can be
exceeded.
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1. Introduction

Wireless communication channels are in most cakesacterized by multipath
fading environments. Multipath is a situation inrekess communication system
whereby radio signals reaching the receiving ardeamive from two or more paths.
The things that do cause multipath include reftexti from terrestrial objects for
example buildings and mountains, reflection frontavdodies, atmospheric ducting, as
well as ionospheric reflection and refraction [1, 3Z. Multipath may lead to
interference, which can be either constructive estdictive. Also, multipath can cause
phase shifting of the signal. On the other handjnfa can be described as rapid
fluctuations of signal amplitudes or phases, ad a®l| multipath delays of a wireless
signal over a short period or short distance [1, 4]

When a radio channel has constant gain with linglaase response over a
bandwidth wider than the bandwidth of the transnisignal, then the receiver signal is
said to have undergone flat fading [5, 6, 7, 8, M. flat fading, the spectral
characteristics of the transmitted signal are pweskat the receiver but the received
signal strength varies with time. This is caused/égations in the gain of the channel
due to multipath fading [9].



ITU provided models for predicting multipath fadirmon terrestrial line-of-sight
(LOS) links. Specifically, ITU recommendation, ITRP.530 provides multipath fading
prediction model based on fading measurements bflidks in various geoclimatic
regions [10, 11, 12]. Rec. ITU-R P.530 recommermaiais used for the prediction of
path loss for microwave links, as well as, for grediction of link availability in the
average worst month for such links [12, 13]. Inpext of Rec. ITU-R P.530, the
parameter needed to calculate the link availabitifyterrestrial line-of-sight links
includes climatic parameters, terrain roughnessxrahd geoclimatic factor [12, 13]. In
Rec. ITU-R P.530, ITU provided two approached tonpate the geoclimatic factor.
Each of the two approaches is associated with aemfmat predicting link outage
probability due to multipath fading [12, 13].

In this paper, the effects of various wireless meknlink parameters on multipath
fade depth are presented. The link parameters denesl are frequency, the path
inclination, and path length, terrain roughnessindnd the percentage of time fade
depth is exceeded in the average worst month. ®hepuatation of the fade depth is
based on two ITU models; ITU-R P.530-11 standardjtock planning applications and
ITU-R P.530-11 standard for detailed link design.

2 Theoretical Background
2.1 Multipath Fade Depth Computation Based on [ITU-R

P.530-11 Standard For Detailed Link Design

According to detailed link design given in ITU-RSB0-11 standard , the percentage
of time B, that multipath fade deptld (dB) is exceeded in the average worst month
can be calculated by [14, 15,16] as:

P, = (K(d“)(l n |Ep|)_0.97) <10(0.032f—0.0085hr%)) % @)

where

Pw is the percentage of time that fade depth (&xieeded in the average worst month
fis the frequency (GHz)

h; is the lower antenna altitude (i.e. the smalletrahsmitter antenna height H,{ )
and receiver antenna height.( ) both in meters) [5].

dis the path length (km) and

gp Is the path inclination (in mrad), defined as ;
|H X _er|
|ep| = == @)
K denotes the geo-climatic factor (worst month) &mddetailed link design in ITU-R
P.530-11 standard K is given is given as [14, 8%, 1

K = (10(—3.9—0.003dN1)) ((Sa) (—0.42)) 3)
where
dN1 is the point refractivity gradient in the loweds metre of the atmosphere not
exceeded for 1% of an average year [5].
S, Is the area terrain roughness index. Terrain roegh index is defined as the
standard deviation of terrain heights (m) withidl®km x 110km area [10,11,13]. By
rearranging equation (1) the multipath fade depjhcan be computed as follows;

A Py,
0.032f — 0.0085h;, — = = log <(K(d3.2) (1+|£p|)—0.97)> (4)
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A=10 <0.032f — 0.0085h, — 10g< Pw )) (6)
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2.2 Multipath Fade Depth Computation Based on ITU-R

P.530-11 Standard For Quick Planning Applications
According to ITU-R P.530-11 standard for quick pleny applications, the percentage
of time P,, that multipath fade deptld (dB) is exceeded in the average worst month
can be calculated by [14, 15, 16, 17]:

p, = (K(d3'°)(1 N |£p|)—1.2) (10(0_033,‘—0.001}%—%)) % 7)

— |Htx —Hyy |
|ep| = == @)
K denotes the geo-climatic factor (worst month) &mdquick planning applications in
ITU-R P.530-11 standard K is given is given as [13,16,17]:

K = (10(-#2-00029aND)) 9)
By rearranging eqg. (7), the estimated multipatrefddpth can be computed as follows:
0.033f — 0.001h, — = = log ( D (f Zlepl)‘“)> (10)
2 = 0.033f — 0.001h, — log <(K(d3.0)(ff|sp|)‘1'z)> (11)
A=10 <o.o33 f—0.001h, —log <(K(d3_0) (ftlepl)‘1'2)> ) (12)

3 Methodologies

In this paper, analytical expressions for multipiitle depth based on two different
ITU models are examined in respect of the effedtheffollowing key parameters; (i)
Frequency (f) (ii) the path inclination gf) (iii) path length (d) (iv) terrain
roughness index (Sa) (v) the percentage of timev) (Rat fade depth is exceeded in
the average worst month. The multipath fade ddmhdan be experienced in the link is
computed using two different ITU models, namely; iU model 1 which is ITU-R
P.530-11 standard for detailed link design. The ehddvolves the use of terrain
roughness index (ii) ITU model 2 which is ITU-R580-11 standard for quick
planning applications. The model does not involve tise of terrain roughness index.
Multipath fade depth is computed with equationf(@)detailed link design model and
with equation (12) for quick planning applicatiansdel.

In order to study the effect of frequency on mutipfade depth, three frequencies
are considered, one frequency from each of thevatlg three different frequency
bands: (i) 6GHz from the C-band ( the range is@H&) (ii) 18 GHz from the Ku-band
(the range is 12-18 GHz) and (iii) 32GHz from tha-Band (the range is 26.5- 40 GHz).
In this case, the other parameters in equatioraf@) equation (12) are kept constant
while the frequency is varied from 6GHz to 18 GHr @hen to 32GHz. In each of
these frequencies, the multipath fade depth is cbeap Next, the multipath fade depth
is computed for various percentage of time (Pw) fidmbe depth is exceeded in the
average worst month. In this case, the frequendyofimer parameters are kept constant.



Similar approach is used to compute the multipaitefdepth for various values of
terrain roughness index, while the other parameter&ept constant.

As regards path inclination £, ) given in equation (8), whertl,, = H,, then
g, = 0. In this paperd is kept constant andl, is varied from zero to a maximum value
selected in the paper to show the effect of pattination on the two ITU models for
multipath fading. In addition, in order to show #iféect of path length (d) on the two
ITU models for multipath fading, the path incliratiis kept constant while d is varied.
In this paper, the terrain roughness index, Saamfigm 20 feet (considered as smooth
terrain) to 140 feet (considered as rough terrain).

4 Resultsand Discussion

For the multipath fade depth computation in FiglirePath length (d ) =10 km;
Transmitter antenna heightf,, = 105m; Receive antenna height],{ )) = 95m,

Path Inclination §,) = 1mrad, Terrain Roughness IndeX,}] =50 feet (or
~ 15meters); Point Refractivity Gradient (dN1) = - 400 anthe frequencies are
6Ghz, 18GHz and 32GHz. According to Figure 1, \ilith given frequencies and terrain
roughness index of 6m (or 20 feet) the ITU-R P.330standard for quick planning
applications overestimated the multipath fade degibn compared with the estimates
from the ITU-R P.530-11 standard for detailed liadsign. Also, the multipath fade
depth increases with frequency.
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Figure 1 Effect of frequency on M ultipath Fading (dB) using (i) ITU-R
P.530-11 standard for detailed link design (ii) the I TU-R P.530-11
standard for quick planning applications (wher e Percentage of the
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Figure2 Effect of (Pw) Percentage of Time the Multipath Fading is
Exceeded on Multipath Fading (dB) using (i) ITU-R P.530-11 standard for
detailed link design (ii) thel TU-R P.530-11 standard for quick planning
applications (where Frequency is 32GHz

However, in Figure 2, the multipath fade depth dases with increasing (Pw)
percentage of time the fade depth can be exceéudoth ITU models, the fade depth
was highest at Pw = 0.001% and least at Pw = OAdain, in Figure 2, for the three
values of Pw considered, the ITU-R P.530-11 stahdlar quick planning applications
overestimated the multipath fade depth when condpari¢h the estimates from the
ITU-R P.530-11 standard for detailed link design.
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Figure 3 Effect of Terrain roughness Index (Sa) on Multipath Fading (dB) using

(i) U-R P.530-11 standard for detailed link design (ii) thel TU-R P.530-11 standard
for quick planning applications (where Frequency is 32GHz and Pw =-0.01%)



According to experts, terrain roughness index ofe# (or 6 meters) is considered
smooth terrain whereas the terrain with terrainghmess index of 140 feet (or 42
meters) is considered very rough terrain. Consetyen Figure 3 multipath fade depth
is higher for smooth terrain than for rough terrdissentially, as the terrain roughness
increases, the multipath fade depth decreasedl, lwithin the range of values for
terrain roughness index of 140 feet (or 42 meters)0 feet (or 6 meters), the ITU-R
P.530-11 standard for quick planning applicationgrestimated the multipath fade
depth when compared with the estimates from the RTB.530-11 standard for detailed
link design.

In Figure 4, the effect of path inclination on tmelltipath fade depth is presented.
Precisely, Figure 4 shows that the multipath fa@gtld is highest when the path
inclination is zero (0) and as the path inclinatiooreases, the multipath fade depth
decreases.
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Figure 4 Effect of Path Inclination (ep) on Multipath Fading (dB) using (i) U-R
P.530-11 standard for detailed link design (ii) thel TU-R P.530-11 standard for
quick planning applications (where Frequency is 32GHz and Pw = 0.01%)

In Figure 5, the effect of path length on the npath fade depth is presented.
According to Figure 5 the multipath fade deptmisreases with increase in path length.
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Figure5 Effect of Path Length on Multipath Fading (dB) using (i) U-R P.530-11 standard
for detailed link design (i) the ITU-R P.530-11 standard for quick planning applications
(whereFrequency is 32GHz and Pw = 0.01%)



From the overall results, it can be stated thatTheR P.530-11 standard for quick
planning applications overestimated the multipaitief depth when compared with the
estimates from the ITU-R P.530-11 standard foritketdink design. Furthermore, the
smooth terrains present higher multipath fade dep#n the rough terrain. Also,
multipath fade depth increases with increasingdeagy and path length, but decreases
with increasing path inclination, terrain roughnestex and the percentage of time the
fade depth can be exceeded. The results are usefiley will help microwave link
designers to know how to adjust the various micr@nank parameters so that they can
satisfy the desired design specifications.

5 Conclusions

The effects of various microwave link parametersttos multipath fade depth are
presented. The computation of the multipath fadettdés based on two ITU models,
namely; the ITU-R P.530-11 standard for quick plagrapplications and the ITU-R
P.530-11 standard for detailed link design. Intak, ITU-R P.530-11 standard for quick
planning applications overestimated the multipaitief depth when compared with the
estimates from the ITU-R P.530-11 standard for itetdink design. The findings in
this paper are useful as they will help wirelessvoek designers to know how to adjust
the various link parameters so that they can gat& desired design specifications.
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