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Abstract— In this paper, analysis of path loss
exponent impact on the effective path length of
microwave link based on Stanford University
Interim (SUI) path loss model is presented. In
wireless communication link design, the effective
path length is different from the maximum
transmission range computed based on pathloss
model alone. As such, the effective path length is
defined as the path length at which the fade
margin is equal to the fade depth at the required
link percentage availability and bit error rate
performance. The computation of the effective
path length in this paper is conducted using
numerical iteration approach. Mathlab program
was written and used to compute the effective
path length for a case study 10 GHz microwave
link located in the ITU rain zone N region with rain
rate, Rygoq1 Of 95 mm/hr. The computation was
conducted for six (6) different path loss
exponents. The results showed that the indoor
environment has the highest path loss exponent
value of 5, the lowest effective path length of
3.03423865 km and the highest propagation loss
of 156.6880812 dB based on SUlI model.
Conversely, the free space region in urban area
has the lowest path loss exponent value of 2, the
highest effective path length of 11.79669587 km
and the lowest propagation loss of 124.0208021
dB based on SUI model. In essence, the path loss
exponent in SUlI model has greater impact than
the distance given that the link with the lowest
path loss exponent has the lowest propagation
loss but the highest effective path length. In all,
the effective path length is inversely proportional
to the path loss exponent while the propagation
loss is directly proportional to the path loss
exponent.
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1. INTRODUCTION

In wireless communication links, due to different factors,
signals suffer diverse losses as they propagate from the
source device to the destination device

[1,2,3,45,6,7,8,9,10,11,12,13,14,15,16]. The extent of
propagation losses that is suffered by the signals depend
among other things on the environmental factors and
network related issues. Accordingly, different environments
present different degree of propagation losses to the signals
[17,18,19,20]. The differences in the environmental factors
that determine the extent of propagation losses signal can
experience in those environments are captured as pathloss
exponents in some pathloss models. One of such models
with pathloss exponent is the Stanford University Interim
(SUI) model which was the product of collaborative
research conducted by Stanford University and 802.16
IEEE group [21,22,23,24,25,26,27,28].

In this paper, the focus is on the study of the impact of
pathloss exponent on the effective transmission range of
microwave link based on SUI path loss model. The
effective path length is different from the maximum
transmission range based on the pathloss model. Rather ,
the effective path length is the path length at which the fade
margin is equal to the fade depth at the required link
percentage availability and bit error rate performance. The
computation of the effective path length in this paper is
conducted using numerical iteration approach. The
computation was done using Mathlab software. Also, the
computation was done for various values of pathloss
exponents and the resulting tables and graph plots were
used to determine the impact of the pathloss exponent on
the effective transmission range of microwave link based
on SUI path loss model.

I1. METHODOLOGY

A PATH LOSS BASED ON THE STANFORD
UNIVERSITY INTERIM MODEL

Stanford University Interim (SUI) model was the product of
collaborative research conducted by Stanford University
and 802.16 IEEE group. The path loss, LPsy;q5) estimated

by SUI model is given is given by the following
expressions [21,22,23,24,25,26,27,28]:

d
LPSUl(dB) = A+ 10)/ (loglo (d_o)) + Xf + Xh +
Sford>d, (1)
Where,

d is the distance in meters between mobile device
and the base station antennas

f is the frequency in MHz
d,=100m

X, is the correction for receiving the antenna height in
meters
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yis the path loss exponent
X¢is the correction for frequency in MHz

S is the correction for shadowing in dB and its value
is between 8.2 and 10.6 dB at the presence of
trees and other clutters on the path

The parameter A is defined as:

4= 20 (05,0 (22)) - @
and the path loss exponent, y is given by:
y = a+b(hy) +-- ®)
b

Although it is more suitable for suburban areas, however,
there is path loss exponent, y that is used to adjust the
pathloss  for  other types of areas  where
for free space Path inanurbanarea, y =2 ; for non
line of sight environment in an urban area 3 <y< 5, and for
indoor Path , y> 5. Also, h;,, = base station antenna height
in meters and 10 m <h,<80m.

The SUI correction factor for frequency is X and the SUI
receiver antenna height correction factor X;, are given as;

y=o(ose) @
-10.8 (log10 (2};%)) for terrain type A and B

—20.8 (log10 (2};%)) for terrain type C
©®)
Where, f is in MHz, and h,,, ( receiver antenna height) is in

meter. Furthermore, the terrain dependent constants a, b and
c are given in Table 1.

Xh:

Table 1 The values for SUI terrain dependent parameter a,

bandc
Model Parameter Terrain A Terrain B Terrain C
a 46 4.0 36
b(m?) 0.0075 0.0065 0.005
c(m) 12.6 17.1 20

Type A terrain is for hilly terrain that has moderate to
heavy foliage densities. Type B is suitable for flat terrains
where there is moderate to heavy tree densities. It is also
applicable to hilly terrains where there are light tree
densities. Type C terrain is the terrain with the minimum

path loss and it is for flat terrain where there are light tree
densities.

B. COMPUTATION OF THE EFFECTIVE PATH
LENGTH BASED ON SUI PATH LOSS MODEL

If the path length is denoted as dg,;; then, the path loss by
SUI model is LPgy,,, where :
d
LPsuicamy = A+ 10y (logyo (52)) + X¢ + Xy +
Sfordgy; >dy (6)

Based on link budget equation, the received power (Prsyr)
is:

Prsut =Pr + Gp+ Gr- LPsyiam) (7
Accordingly, the fade margin (fmgy;) is:
fmgyy = (Pr + Gr+ Ggr)-LPsyyas) — Ps (8)
where;
Pr = Received Signal Power (dBm)
Pt = Transmitter Power Output (dBm)
Gt = Transmitter Antenna Gain (dBi)
Gr = Receiver Antenna Gain (dBi)
LPsyiapy = Path loss based on SUI Path loss model

The rain fade depth (fd,sy; ) is [29,30,31,32];

fdmsur = max ((Ky(Rpo)™) * dsur, (Kn(Rpo) ™) *
dsur) ) ©)

The effective path length with path loss based on SUI
model is denoted as, d.sy; where dgy; is the value of dgy;
fOI’ WhICh fdeUI = fmSUl.

desyr = dgyr  When fdp,gyr = fimgy; (10)

C. THE FLOWCHART FOR THE COMPUTATION OF
THE EFFECTIVE PATH LENGTH BASED ON
SUI PATH LOSS MODEL

The value of d.gy; for any given set of link parameters can
be found suing numerical iteration method. In this paper,
for the SUI model, the initial Path length (d,) is 100 m. The
flowchart used to compute the effective path length based
on SUI path loss model is given in Figure 1.
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4mdg

X=0; A=-—L—; A=20(log10(1{)); y=a+b(hb)+h—cb;

3x108 '
2000

f
X =6 (logol=—=)) ; Xn =
! ( (2000)) —20.8 (log10 (%)) for terrain type C
(Pp + G+ GR—fmg —Pg)— 32.4— 20 log(f+1000) )
20

-10.8 (log10 (—)) for terrain type A and B

dsyr = 10(

<
y-

A

fm = (Pp + G+ G)-(4+ 107 (logao (S2)) + X, + Xy +5 ) = Py
v

fdx) = max ((Kv(Rpo)av) * syl » (Kh (Rpo)ah) * syl ) )

{

lfmeuy — fdu| < lel?

A\ 4

fmy ~fdgy
‘ Afm(x) = fd—

fmop = fm(x) ‘
dsnerny = (1+8Fmg,) dungy

fdop = fdery !
x=x+1
! I

Outputdsu,op fm,,,
fdap

Figure 1 The flowchart used to compute the effective path length based on SUI path loss model
I11. RESULTS AND DISCUSSION

different path loss exponents and the results are shown in

A program for the numerical iteration flowchart in Figure 1
was used in Mathlab to compute the effective path length
for a 10 GHz microwave link located in the ITU rain zone
N region with rain rate, Ry, of 95 mm/hr (as shown in
Table 2) . The computation was conducted for six (6)

Table 3. Also, the comparison of the effective path length
for the six (6) different path loss exponent cases is shown
in Figure 2  while the comparison of the effective
propagation loss for the six (6) different path loss exponent
cases is shown in Figure 3.
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According to the results in Table 3, figure 2 and Figure 3,
the indoor environment has the highest path loss exponent
value of 5, the lowest effective path length of 3.03423865
km and the highest propagation of 156.6880812 dB based
on SUI model. Conversely, the free space region in urban
area has the lowest path loss exponent value of 2, the
highest effective path length of 11.79669587 km and the
lowest propagation of 124.0208021 dB based on SUI
model. The results show that the path loss exponent in SUI

model has greater impact than the distance given that the
link with the lowest path loss exponent has the lowest
propagation loss but the highest effective path length.
Similar results are observed with the link with the highest
path loss exponent. In all, the effective path length is
inversely proportional to the path loss exponent while the
propagation loss is directly proportional to the path loss
exponent.

Table 2 The microwave link parameter values used in the Mathlab-based iteration process

S/N Parameter Name and Unit Parameter S/N Parameter Name and Unit Parameter
Value Value
1| F(MHz) 10000 7 kh 0.01217
2 | Transmitter power, PT(dB) 10 8 ah 1.2571
3 | Transmitter antenna Gain, GT(dB) 20 9 kv 0.01129
4 | Receiver antenna gain, GR (dB) 20 10 av 1.2156
5 | Receiver sensitivity, Ps (dB) -88 11 Rain Zone N
Rain Rate at 0.01 % outage 95
6 | Fade Margin (dB) 10 12 probability, R0.01 mm/hr
Table 3 The iteration results for six (6) different path loss exponent.
Terrain C Te.rlr:algl B
: Terrain o
Is The Terrains
) Where .
Terrain There Is Terrain
With The Moderate A : Hilly
Non Line Of | Minimum To Heav Terrain
Free Space Sight Path Loss Tree Y| That Has Indoor
Parameter Region In | Environment | And It Is Densities Moderate Environment
SIN'| NameAnd | yrban Area | In AnUrban | For Flat or Hill To
Unit Area Terrain Y Heavy
Terrains .
Where Where Foliage
There There Densities
Ar?l_rléleght Are Light
S Tree
Densities Densities.
y(1) 7(2) Y(3) Y(4) Y(5) 7(6)
Path Loss
Exponents 3.9000 41675 4.6150
1 |1 2 35 5
Convergence
2 | Cycle 5 4 4 5 5 2
Transmission
3 | Range (km) 11.79669587 | 6.130011836 6.8911 4.4666 3.6183 3.03423865
Propagation
b?ffar?y sul 142.3094 151.3482 | 154.5106
4 | Model (dB) 124.0208021 | 145.1467404 156.6880812
Received - - -
5 | Power (dB) | 44.02080208 | 65.14674038 -62.3094 -71.3482 | -74.5106 76.68808122
6 E;fdegt&’;rgm 43.97926555 | 22.85325962 | 25.6906 16.6518 | 13.4894 11.31191878
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(dB)
Effective
Rain Fade 25.6959 16.6585 13.4894
Depth(dB) 43.97919803 | 22.85326394 11.31192868
-4.39E-
Error(dB) | g75e.05 | 432806 | >23E03 | 667E-03 | g 9.90E-06
14
12
10
8
6
4
2
0
v(1) Y(2) Y(3) Y(4) Y(5) Y(6)
H Path Loss Exponents (y) 2 3.5 3.9 4.1675 4.615 5
B Transmission Range (km) (11.79669587|6.130011836 6.8911 4.4666 3.6183 3.03423865

Figure 2 Comparison of the effective path length for the six (6) different path loss exponents
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Figure 3 Comparison of the effective propagation loss for the six (6) different path loss exponents
IV. CONCLUSION

Stanford University Interim (SUI) propagation loss model
was used in link budget equation to compute the path length
of a microwave link. The link budget expression was used

along with rain fade depth to determine the optimal or

effective path length of the link. A Mathlab program
written for a numerical iteration flowchart was used for the
computation of the effective path length for a sample Ku-
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band microwave link. The computation was conducted for
six (6) different path loss exponents. The results showed
that the indoor environment with the highest path loss
exponent had the lowest effective path length whereas the
free space environment with the lowest path loss exponent
had the highest effective path length. In all, it was deduced
from the results that the effective path length is inversely
proportional to the path loss exponent while the
propagation loss is directly proportional to the path loss
exponent.

REFERENCES

[1] Mitiku, D. N., & Lawrence, O. C. (2010). Cooperative
Communication Techniques in Wireless Networks (Analysis with
Variable Relay Positioning).

[2] Ozuomba Simeon, Henry Akpan Jacob and Kalu Constance ( 2019)
Analysis Of Single Knife Edge Diffraction Loss For A Fixed
Terrestrial Line-Of-Sight Microwave Communication Link Journal
of Multidisciplinary Engineering Science and Technology (JMEST)

[3] Erickson, K. T., Miller, A., Stanek, E. K., Wu, C. H., & Dunn-
Norman, S. (2005). Pipelines as communication network links.
University of Missouri-Rolla (US).

[4] Egbe Jesam Nna, Ozuomba Simeon, Enyenihi Henry Johnson (2017)
Modelling and Application of Vertical Refractivity Profile for Cross
River State. World Journal of Applied Physics 2017; 2(1): 19-26

[5] Ozuomba, S., Johnson, E. H., & Udoiwod, E. N. (2018). Application
of Weissberger Model for Characterizing the Propagation Loss in a
Gliricidia sepium Arboretum

[6] Nasir, A. A, Durrani, S, Mehrpouyan, H., Blostein, S. D, &
Kennedy, R. A. (2016). Timing and carrier synchronization in
wireless communication systems: a survey and classification of
research in the last 5 vyears. EURASIP Journal on Wireless
Communications and Networking, 2016(1), 180.

[7] Ozuomba, Simeon, Constance Kalu, and Akaninyene B. Obot.
(2016) "Comparative Analysis of the ITU Multipath Fade Depth
Models for Microwave Link Desian in the C. Ku. and Ka-
Bands." Mathematical and Software Engineering 2.1 (2016): 1-8.

[8] Akyol, B. A., Kirkham, H., Clements, S. L., & Hadley, M. D.
(2010). A survey of wireless communications for the electric power
system (No. PNNL-19084). Pacific Northwest National Lab.(PNNL),
Richland, WA (United States).

[9] Kalu, C., Ozuomba, S. & Jonathan, O. A. (2015). Rain rate trend-line
estimation models and web application for the global ITU rain
zones. European Journal of Engineering and Technology, 3 (9), 14-
29

[10] Kanabar, P. M., Kanabar, M. G., El-Khattam, W., Sidhu, T. S., &
Shami, A. (2009, July). Evaluation of communication technologies
for IEC 61850 based distribution automation system with distributed
energy resources. In 2009 IEEE Power & Energy Society General
Meeting (pp. 1-8). IEEE.

[11] Akaninyene B. Obot , Ozuomba Simeon and Kingsley M. Udofia
(2011); “Determination Of Mobile Radio Link Parameters Using
The Path Loss Models” NSE Technical Transactions , A Technical
Journal of The Nigerian Society Of Engineers, Vol. 46, No. 2,
April - June 2011, PP 56 — 66.

[12]Brown, H. E., & Suryanarayanan, S. (2009, October). A survey
seeking a definition of a smart distribution system. In 41st North
American Power Symposium (pp. 1-7). IEEE.

[13]Ozuomba, S., Enyenihi, J, & Rosemary, N. C. (2018).
Characterisation of Propagation Loss for a 3G Cellular Network in a
Crowded Market Area Using CCIR Model. Review of Computer
Engineering Research, 5(2), 49-56.

[14]. Njoku Chukwudi Aloziem, Ozuomba Simeon, Afolayan J. Jimoh

International Journal of Theoretical and Applied Mathematics,
Journal: Environmental and Energy Economics

[15] Menon, V. G., Pathrose, J. P., & Priya, J. (2016). Ensuring reliable
communication in disaster recovery operations with reliable routing
technique. Mobile Information Systems, 2016.

[16] Akaninyene B. Obot , Ozuomba Simeon and Afolanya J. Jimoh
(2011); “Comparative Analysis Of Pathloss Prediction Models For
Urban Macrocellular” Nigerian Journal of Technology (NIJOTECH)
Vol. 30, No. 3, October 2011, PP 50 —59

[17]Rudd, R., Craig, K., Ganley, M., & Hartless, R. (2014). Building
materials and propagation. Final Report, Ofcom, 2604.

[18] valadares, D. C. G., de Aradjo, J. M. F. R., Spohn, M. A., Perkusich,
A., Gorgbnio, K. C., & Melcher, E. U. K. (2020). 802.11 g signal
strength evaluation in an industrial environment. Internet of
Things, 9, 100163.

[19] Lee, H., Ahn, C. R, Choi, N., Kim, T., & Lee, H. (2019). The effects
of housing environments on the performance of activity-recognition
systems using Wi-Fi channel state information: An exploratory
study. Sensors, 19(5), 983.

[20] Akpaida, V. O. A., Anyasi, F. 1., Uzairue, S. 1., & Idim, A. I. (2018).
Determination of an outdoor path loss model and signal penetration
level in some selected modern residential and office apartments in
Ogbomosho, Oyo State, Nigeria. Journal of Engineering Research
and Reports, 1(2), 1-25.

[21] Abhayawardhana, V. S., Wassell, 1. J., Crosby, D., Sellars, M. P., &
Brown, M. G. (2005, May). Comparison of empirical propagation
path loss models for fixed wireless access systems. In 2005 IEEE
61st Vehicular Technology Conference (Vol. 1, pp. 73-77). IEEE.

[22] sharma, P. K., & Singh, R. K. (2010). Comparative analysis of
propagation path loss models with field measured data. International
Journal of Engineering Science and Technology, 2(6), 2008-2013.

[23] Jain, R. (2007, February). Channel models: A tutorial. In WiMAX
forum AATG (Vol. 10). Washington Univ. St. Louis, Dept. CSE.

[24] Popoola, S. I., & Oseni, O. F. (2014). Empirical path loss models for
GSM network deployment in Makurdi, Nigeria. International
Refereed Journal of Engineering and Science, 3(6), 85-94.

[25] Samimi, M. K., Rappaport, T. S., & MacCartney, G. R. (2015).
Probabilistic omnidirectional path loss models for millimeter-wave
outdoor ~ communications. IEEE ~ Wireless Communications
Letters, 4(4), 357-360.

[26] Salem, Y., & lvanek, L. (2016). Propagation modelling of path loss
models for wireless communication in urban and rural environments
at 1800 GSM frequency band. Advances in Electrical and Electronic
Engineering, 14(2), 139-144.

[27]sati, G., & Singh, S. A. (2014). A review on outdoor propagation
models in radio communication. International Journal of Computer
Engineering & Science, 4(2), 64-68.

[28] Phillips, C., Sicker, D., & Grunwald, D. (2012). Bounding the
practical error of path loss models. International journal of Antennas
and Propagation, 2012.

[29] Ononiwu, G., Ozuomba, S., & Kalu, C. (2015). Determination of the
dominant fading and the effective fading for the rain zones in the
ITU-R P. 838-3 recommendation. European Journal of Mathematics
and Computer Science Vol, 2(2).

[30] Johnson, E. H., Ozuomba, S., & Asuquo, 1. O. (2019). Determination
of Wireless Communication Links Optimal Transmission Range
Using Improved Bisection Algorithm.

[31]Ozuomba, Simeon (2019) ANALYSIS OF EFFECTIVE
TRANSMISSION RANGE BASED ON HATA MODEL FOR
WIRELESS SENSOR NETWORKS IN THE C-BAND AND KU-
BAND, Journal of Multidisciplinary Engineering Science and
Technology (JMEST)

[32] Ozuomba, Simeon (2019) EVALUATION OF OPTIMAL
TRANSMISSION RANGE OF WIRELESS SIGNAL ON
DIFFERENT TERRAINS BASED ON ERICSSON PATH LOSS

(2017) Tuning and Cross Validation of Blomquist-Ladell Model for MODEL
Pathloss Prediction in the GSM 900 Mhz Frequency Band ,
www.imjst.org

IMJSTP29120322

1393


http://www.imjst.org/

