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Abstract : Fixed Wireless Access (FWA) networks based on WIMAX technology provide efficient packet radio interface enabling high data
transmission rates. The accurate prediction of path lossesis a crucial element in the first step of network planning. This paper compares
various path loss models for mobile as well as fixed wireless systems like WIMAX. This paper begins the introduction to path loss in
wireless communication, then various path loss models (Cost-Hata, Erceg, Dual-slope, SUI, Macro model, ECC-33, Hata-Okumura etc)

have been compared in urban environment at 3.5 GHz range.
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. INTRODUCTION

Worldwide Interoperability for microwave access
(WIMAX) is the newest wireless broadband Internet
technology based on IEEE 802.6 standard. This system is
based on Orthogonal frequency divison
multiplexing(OFDM) and realizes broadband data
transmission by using aradio frequency range 2-11 GHz.

In ideal conditions, WiMAX recommends up to 1Gbps
(with revised |IEEE 802.6m) speeds and range within 50 km
in LOS between transmitter and receiver. But in rea fields,
measurements show far differences from ideal conditionsi.e.
bit rate of 7-20 Mbps and coverage area between 5-8 km. To
reach near optimum goal, researchers identified the following
that impair the transmission from transmitter to receiver are
path loss, fading, doppler spread, multipath delay spread.

Path loss (PL) arises when an electromagnetic wave
propagates through space from one transmitter to receiver.
The power of signa is reduced due to path distance,
reflection, diffraction scattering, free-space loss and
absorption by objects of environment. It is also influenced by
different environment (urban, sub-urban & rurd). Variations
of transmitter and receiver antenna height also produce
| osses.

PL= power transmitted / power received in Db

In this paper a few path loss models have been studied in
section 1. Then path loss is estimated for rura environment
using MAT Lab. Some parameters used in these models like
frequency, distance between AP and CPE, base station height
above sea level, height of buildings, width of roads, building
separation, road orientation etc have been collected from
Ericsson India
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II. PATH LOSSMODELS
A. Free Space Path Loss Model

Path loss in free space PLFSPL defines how much strength
of the signa is lost during propagation from transmitter to
receiver. FSPL is diverse on frequency and distance. The
calculation is done by using the following equation:

Ly = 32.45+ 201og(d) + 20log(f)

where,

f: Frequency (MHz)

d: Distance between transmitter and receiver (m)
Power is usually expressed in decibels (dBm).

B. COST-231 Hata Model

A model that is widely used for predicting path loss in
mobile wireless system is the COST-231 Hata model [1]. It
was devised as an extension to the Hata-Okumura model [2],
[3]. The COST-231 Hata model is designed to be used in the
frequency band from 500 MHz to 2000 MHz. It also contains
corrections for urban, suburban and rural (flat) environments.
Although its frequency range is outside that of the
measurements, its simplicity and the availability of correction
factors has seen it widely used for path loss prediction at this
frequency band. The basic equation for path lossin dB is[1],

PL=46.3+33.9+ logg () - 13.820g.5(hy) — ah, + (449 655005, (1 iogaed+

1)
where, f is the frequency in MHz, d is the distance between
AP and CPE antennasin km, and #; is the AP antenna height
above ground level in meters. The parameter ¢, is defined as
0 dB for suburban or open environments and 3 dB for urban
environments. The parameter ah,, is defined for urban
environments as [4]
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ah,, = 3.20(log, (11.75h,)) —4.97

for f = 400MHz 2
and for suburban or rural (flat) environments,
ah,, = 1.1logy, f — 0.7k, — (L3logy, f — 0.8) 3

where, h, isthe CPE antenna height above ground level.
Observation of (1) to (3) reveals that the path |oss exponent
of the predictions made by COST-231 Hata model is given
by,

Noost = (44.9 ~ 6.5 10g;0(Ny))/10. “)

To evaluate the applicability of the COST-231 model for the
3.5 GHz band, the model predictions are compared against
measurements for three different environments namely, rural
(flat), suburban and urban.

C. ECC-33 Path Loss Model

The original Okumura experimental data were gathered in
the suburbs of Tokyo [3]. The authors refer to urban areas
subdivided into ‘large city’ and ‘medium city’ categories.
They also give correction factors for ‘suburban’ and ‘open’
areas. Since the characteristics of a highly built-up area such
as Tokyo are quite different to those found in typical
European suburban areas, use of the ‘medium city’ model is
recommended for European cities [5], [6]. Although the
Hata- Okumura model [2] is widely used for UHF bands its
accuracy is questionable for higher frequencies. The COST-
231 model extended its use up to 2 GHz but it was proposed
for mobile systems having omni-directional CPE antennas
sited less than 3 m above ground level. A different approach
was taken in [7], which extrapolated the origina
measurements by Okumura and modified its assumptions so
that it more closdly represents a FWA system. The path loss
model presented in [7], is referred to here as the ECC-33
model. The path lossis defined as,

P.Lr.:.'qug +Hﬁm_6ﬁ_ﬁi’ (5)

where, Az, Apm, Gy and G, are the free space attenuation, the
basic median path loss, the BS height gain factor and the
terminal (CPE) height gain factor. They are individualy

defined as,
Ar; = 92.4 + 20log, o (d) + 20log; o (f) (6)

Apm = 20.41 + 9.83l0g,, (d) + 7.984l0g,, () +
3.56[log., (f)1° )
7

Gy = logyy (hy /200){13.958 + 58[log,, ()13} (8)
and for medium city environments,

Gy = [42.57 + 13.7log, , (f)][logs, (R, ) — 0.585] 9

where, f is the frequency in GHz, d is the distance between
AP and CPE in km, ky isthe BS antenna height in meters and
h, is the CPE antenna height in meters. The medium city
model is more appropriate for European cities whereas the
large city environment should only be used for cities having
tall buildings. It is interesting to note that the predictions
produced by the ECC-33 model do not lie on straight lines
when plotted against distance having alog scale. For the sake
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of completeness, the path loss gradient at 2km will be
compared with the path loss predicted by other models. The
predictions using the ECC-33 model with the medium city
option are compared with the measurements taken in
suburban and urban environments.

D. COST Walfisch-1kegami Model

This is the COST 231 proposed Walfisch and Ikigami
combined model [8]. This gives a better path loss prediction.
Characteristics of urban environment such as, height of
buildings (hoe ) in m, width of roads (w) in m, building
separation (b) in m, and road orientation with respect to the
direct radio path (). In our analysis we have used 10m for
hroot » 12m for w, 20m for b and 630 for ¢. The model has
separate equations for Line of Sight (LOS) and Non LOS
(NLOS) conditions. Equation (10) gives the equation for
NLOS conditions, which we used in our analysis.

PLnios(dB) = Les + LWy, f,Vhy, @) + Luso(Vhy, by, d, f, by)

(19

Ls gives free space loss, which is defined in (13), Lys gives

the Roof-to-street loss (14), and Ly is the multiple screen

diffraction loss (16). Vhy, is given by (11) and Vh; is givenby
(12).

":"hm = ht - hroof (ll)
":"ht = ht - hroof (12)

where h; gives base station height (m) and h, gives the
height of the building (m).

Les= 32.4+ 20l Oglo(d) + 20l Oglo(fc) (13)
I—rts =-88+ 10|Oglo(fc) + 20l 0910(":"hm) -10 OQIO(W) + Lori
(14

In the above eguation h,, gives the CPE height in m and L
is the street orientation function which depends on @. We
used the function (10) for this.

Lo = 4.0- 0.114(¢p - 55) since 550 _ o _ 900 (15)
Lmsp = Losh + Ka + Kgl0gao(d) + ki 10g10(f) - Ologie(b)  (16)

In equation (16), Lys, isgiven by (17), K, is 54, K, is 18, and
K¢ isgiven by (18).

Lbs = -18* logio(1 + Vht) 17
Ki=-4+0.7((f/925) - 1) (18)
E. Erceg Model

This was developed by Erceg et a. and the experimental
data were taken in several suburban areasin New Jersey and
around Seattle, Chicago, Atlanta, and Dallas. The base
antenna heights were in the range from 12 to 79 m [9]. This
has categorized three different terrain categories. The
maximum path loss category is hilly terrain with moderate-
to-heavy tree densities (Category A), the minimum path loss
category is mostly flat terrain with light tree densities
(Category C) and the middle category can be characterized as
either mostly flat terrain with moderate-to-heavy tree

11



International Journal of Latest Research in Science and Technology.

densities, or hilly terrainwith light tree densities (Type B).
This modd is recommended by IEEE 802.16 Broadband
Wireless Access Working Group [10]. The Path Lossin dB is
given by equation (19),

PL=A+10ylogyo () + X +s ford >d, (20)

where, A gives decibel path loss at distance d, (21), ¥ gives
path loss exponent (22) and s is the shadowing component
given by (23).

, Amd
A= 20iog,, (£22) (21)
In this A gives the wavelength in m.
'}’:ﬂ-_bha‘i‘c,-'rha (22)

The parameter hy isthe base station antenna height in meters
(80m= hy = 10m), r is a zero-mean Gaussian variable of
unit standard deviation N[0,1] and a, b, c and o, are constants
for each terrain category given by Table 1.
S=yo (23)

Table 1 Numerical values of Erceg Model Parameters

Model Terrain Terrain Terrain
Parameter Type A TypeB TypeC
A 4.6 4.0 3.6
B 0.0075 0.0065 0.0050
C 1.26 17.1 20.0
Ty 0.57 0.75 0.59
Uy 10.6 9.6 82
Ty 23 3.0 16

F. Hata-Okumura Model

This model is best suited for large cell coverage (distances
up to 100 km) and it can extrapolate predictions in the 150 -
1500 MHz band. Also thisis the widely used model for most
of the signal strength predictions in  macrocellular
environment [2], [3]. Although, its frequency band is outside
the band of Fixed WiMAX, its simplicity has made it to be
used widely in propagation predictions. The path loss
equationis give by (2).

Pl = 69.55 + 26.16lag,, (£) — 13.82Ing,, (h,) —

alhy) + [44.9 — 6.55l0g, (h, Mlogy, (d)
(24)

fz is the operating frequency in MHz, k.and k.. are the BTS
antenna height and the CPE height in m, d is the distance
from BTS to CPE in km and a(k,,} is the Correction factor
for mobile unit antenna height in dB.

alhy) = 3.2(logy, (11.75k, N)? — 4.97 (25)

[1.RESULTS

The following graphs represent the variation of path loss
with distance between transmitter and receiver.
The base station height has been kept constant at 30m.
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Figurel: 3m Receiver Antenna Height

Figurel shows graph showing plots for 3m receiver antenna
height and SUI path loss model gives minimum path loss
among compared path loss models for specified conditions.

Figure2 and 3 shows graph showing plots for 6m and 10m
resp. receiver antenna height and SUI path loss model gives
minimum path loss among compared path loss models for
specified conditions.
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Figure: 6m Receiver Antenna Height
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Figure: 10m Receiver Antenna Height
IV. CONCLUSION

Propagation models are needed not only for installation
guidelines, but they also play a key part in any analysis or
design that strives to mitigate interference. For urban
environment, SUI path loss model has shown the minimum
path loss among compared path loss models under specified
conditions.

12



V.

(1

(2

(3

(4

(9]

(6l

[7

(8]

[

International Journal of Latest Research in Science and Technology.

REFERENCES

COST Action 231, “Digital mobile radio towards future generation
systems, final report,” tech. rep., European Communities, EUR 18957,
1999.

M. Hata, “Empirical formula for propagation loss in land mobile radio
services,” |IEEE Transactions on Vehicular Technology, vol. vol. VT-
29, pp. 317-325, September 1981.

Y. Okumura, “Field strength and it’s variability in VHF and UHF land-
mobile radio-services,” Review of the Electrical Communications
Laboratory, vol. 16, September-October 1968.

H. R. Anderson, Fixed Broadband Wireless system Design. John
Wiley & Co., 2003. [5] S. R. Saunders, Antennas and Propagation for
Wireless Communication Systems. John Wiley & Sons Ltd, 1999.

J. D. Parsons, The Mobile Radio Propagation Channel, Second
Edition. John Wiley & Sons Ltd., 2000.

Electronic Communication Committee (ECC) within the European
Conference of Postal and Telecommunications Administration (CEPT),
“The analysis of the coexistence of FWA cells in the 3.4 - 3.8 GHz
band,” tech. rep., ECC Report 33, May 2003.

COST 231 Final Report, Digital Mobile Radio Towards Future
Generation Systems, Brussels: COST Telecom Secretariat, 1999.

Erceg Vinko, et a., “An Empiricaly Based Path Loss Model for
Wireless Channels in Suburban Environments”, |IEEE Journal on
selected areas in communications, vol. 17, no. 7, pp.1205-1211, July
1999.

|IEEE Std. 802.16-2004, |EEE Standard for Loca and Metropolitan
area networks, “Part 16: Air nterface for fixed broadband wireless
access systems”, 2004.

ISSN:2278-5299

13



