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Abstract - This paper is about comparative study on the radio
wave propagation models for the Fourth Generation Mobile
Network known as Long Term Evolution Advanced
(LTEAdvanced). The selection of radio wave propagation model
is essential as the propagation model is able to estimate and
predict the radio wave propagation path loss value between the
transmitter and receiver for different types of environments.
From the preliminary results, it shows that COST-231 Hata
model produce higher path loss value due to it is only applicable
for LOS situation and macro cell environment as the model does
not consider radio wave propagation reflections and shadowing.
In contrast, COST-231 Walfisch-lkegami is applicable for both
LOS/NLOS situations and both macro and micro cell
environments because the model considers radio wave
propagation reflections and shadowing.

Keywords- 4G, COST-231 Hata, COST-231 Walfisch-lkegami,
propagation model.

l. INTRODUCTION

Mobile network was first introduced as Global System for
Mobile Communication (GSM) before it being replaced by
General Packet Radio Service (GPRS), Enhanced Data Rates
for GSM (EDGE), Universal Mobile Telecommunication
System (UMTS), High Speed Downlink Packet Access
(HSDPA), Long Term Evolution (LTE) and Long Term
Evolution Advanced (LTE-Advanced). Figure 1 shows the
types of mobile network from its first generation to the fourth
generation. Long Term Evolution Advanced (LTE-Advanced)
is the next generation of Long Term Evolution (LTE) mobile
network services developed to comply with the requirements
on IMT-Advanced and Fourth Generation (4G) standards that
being defined by International Telecommunication Union
(ITU) and 3rd Generation Partnership Project (3GPP). LTE is
often defines as 4G services because of its major performance
enhancements, however the 3rd Generation Partnership
Project (3GPP) and the International Telecommunication
Union (ITU) are still not considered LTE as a 4G services [1].
LTE-Advanced has a download peak rates at over 1Gbps and
the uplink peak rates greater than 500 Mbps [2]. LTE-
Advanced is developed to have backwards compatibility to
ensure that it would not give any effect on the existing LTE
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terminals when deploying the LTE-Advanced on spectrum
that already been occupied by LTE [3].

Types of mobile network

1G 2G 3G 4G
!—‘—\
HSDPA UMTS
GSIM— GPRS LTE WiMAX
LTE-
Advanced

Figure 1: The types of mobile network

In general, the radio wave propagation models can be
classified into two major categories, which are empirical
models and deterministic model [4]. There are a large numbers
of radio wave propagation models created to predict the path
loss between transmitter and receiver for different types of
environments. Some of the propagation models are Ericsson
9999 model, Lee model, Egli model, COST-231 Hata model,
Okumura Hata model, COST-231 Walfisch-lkegami model,
Walfisch-lkegami model and Stanford University Interim
(SUI) model. Figure 2 shows types of radio wave propagation
models.
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Figure 2: Types of radio wave propagation models

The selection of an appropriate radio wave propagation model
for LTE-Advanced mobile network is necessary as it is
capable to estimate predict the radio wave propagation path
loss value between the transmitter and receiver for different
types of environments. However, the study presented here
only focuses on the comparison of two radio wave propagation
models which are COST-231 Hata Model (Advanced
Okumura-Hata) and COST-231 Walfisch-lkegami Model
(Advanced Walfisch-Ikegami).

The structure of the paper is organized as follows: Section |
covers the introduction and general view on LTE-Advanced,
and radio propagation models. Section Il describes on the two
radio wave propagation models; COST-231 Hata Model and
COST-231 Walfisch-lkegami. Section Il is on comparison,
and discussion on the two propagation models; COST-231
Hata Model and COST-231 Walfisch-lkegami Model. Section
IV concludes on the paper and future work.

Il. COST-231 HATA MODEL

The COST-231 Hata model is an extended version of well-
known Okumura-Hata propagation model. It has extended
frequency range of 1500 MHz to 2000 MHz compared to the
Okumura-Hata model which is only valid in the range of 100
MHz to 1500 MHz [5]. The COST-231 Hata Base Station
(BS) antenna height range is from 30 to 200 meters, the
mobile antenna height range is between 1 to 10 meters and the
distance of Base Transceiver Station (BTS) and Mobile
Station (MS) ranges between 1 to 20 kilometers which are
similar with the ones in Okumura-Hata Model [6].

Equation (1) below is the equation for path loss prediction
using the COST-231 Hata model:
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L = 46.3 + 33.9 logso (F) - 13.82 loguo(Hs) - a(Hn) +

[44.9 - 6.55 log;o(Hb)] logo(d) + C. 1)

Where: f is the frequency (MHz), H, is the base station
antenna height (m), a(Hy) is the mobile antenna correction
factor (meters), d is the distance between the BTS and MS
(kilometers), C is a constant factor ( C = 0 dB for medium and
suburban macro and C 3dB for urban macro and
metropolitan areas).

There are two types of correction factor for a(H,,), one is for
medium sized city, equation(2):

a(Hm) = [1.1 l0gso( f) — 0.7] Hu[1.56 logio(f) —0.8]  (2)

one is for large city, equation (3):

a(Hm) =| 8.29 [logye(1.54 Hp)]? — 1.1 : <200 MHz 3)
3.2 [logyo (11.75 Hy)]? — 4.97 : f> 400 MHz
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Figure 3: Illustration of COST-231 Hata Model

I1l.  COST-231 WALFISCH-IKEGAMI MODEL

The COST-231 Walfisch-lkegami Model is an improved
version of Walfisch-lkegami Model which improved the
prediction of path loss by considering more data such as
heights of buildings (h..f), widths of roads (w), building
separation (b) and road orientation with respect to the direct

radio path (¢) for the urban environment character description
[71.

The COST-231 Walfisch-lkegami  share the same
characteristics in terms of frequency range, mobile antenna
height range, base station antenna height range and transmitter
and receiver distances range with the Walfisch-lkegami
model. Both of them have usable frequency ranges of 800-
2000MHz. The range for mobile antenna height is between 1
to 3 meters, base station antenna height is between 4 to 50
meters and the distances of transmitter and receiver ranges
from 0.02 to 5 kilometers [6].
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The COST-231 Walfisch-lkegami models are separated into
two types of cases, which are the line-of-sight (LOS) and non-
line-of-sight (NLOS) situations [7]. Equation (4) is for path
loss prediction in the LOS situation.

L=42.6+26 IOglo d+20 IOglo f. (4)
Where: d distance (kilometers), f frequency (MHz)

Equation (5), (6) and (7) is for non-line-of-sight situations that
are divided into three components; free space loss (5), rooftop-
street diffraction and scatter loss (6), and multiscreen
diffraction loss (7).

Lg=324+20 IOglo d+20 IOglof (5)

Where: L is the free space loss, d is distance (kilometers), f is
frequency (MHz)

Lrts =-16.9-10 Ioglo w—10 Ioglo f— 20 |0910 (hroof - th)
- |-Ori (6)

Where: L is the rooftop—street diffraction and scatter loss, w
is the mean value for street widths (meters) h,q is the mean
value for building heights (meters)

Limsa = Losh + Ka + Kg 10910 d + ks 10 logy f — 9 logyo b (7

Where: L is the multiscreen diffraction loss, kqand k, is the
dependence controller of the multiscreen diffraction loss
versus distance and radio frequency, f is the

IV. PROPAGATION MODEL COMPARISON

This research is based on the frequency bands of 1900 MHz as
this frequency bands are frequently used by many parts of the
world for TDD LTE-Advanced. Comparison between two
radio wave propagation models is made to find out the best
suitable in particular terrain like urban, suburban and rural.
The comparison is made on the basis of path loss, antenna
height and transmission frequency.

Parameter of the simulation is shown in Table 1.

TABLE 1. Parameters

Parameter Value
Transmitter Antenna Height 30 m urban and suburban
20 m rural
Receiver Antenna Height 3m
Frequency 1.9 GHz
Distance between Antennas 5km
Buildings Distance 50m
Average Buildings Height 15m
Road Width 25m
Road Angle 30° urban and 40° suburban

V. PRELIMINARY RESULTS

Results in Table 2 is only a preliminary results for the
research based on frequency bands of 1900 MHz with a
distance between antenna is 5 km, base antenna height of 30 m
and receiver antenna height of 3 m.

TABLE 2. Preliminary Results

frequency(MHz), b is the building separation (meter).
BTS

h BTS|
S :q) hroo!
hMSI |

b 1

Model Frequency | Distance Base Receiver Urban
(MHz) (km) Antenna | Antenna Path
Height Height Loss
(m) (m) (dB)
COST 1900 5 30 3 194.03
231
Hata
COST 1900 5 30 3 150.20
231
Wi

Figure 4: lllustration of COST-231 Walfish-lkegami Model
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Figure 5: Definition of road orientation
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V. CONCLUSION AND FUTURE WORK

From the preliminary results in Table 2, it shows that COST-
231 Hata model has a higher path loss value compare to the
path loss value produced by COST-231Walfisch-lkegami
model when all the parameter used are the same for both
models. This is due to COST-231Hata model does not
consider radio wave propagation reflections and shadowing.
The model also only based on quasi-smooth terrain or LOS
situation. Therefore, COST-231Hata model is only applicable
for macro cells environment. On the other hand, COST-231
Walfisch-lkegami  model does consider radio wave
propagation reflections and shadowing. In other word, the
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model is applicable on LOS and NLOS situations which mean
it takes the effects of individual buildings and many
propagation paths into account. Therefore, COST-231
Walfisch-lkegami model is applicable for both micro and
macro cells environment. In future, we are going to
resume the simulation on MATLAB GUI with the other
parameter  based on the two models mentioned above. A
further analysis of the results and plotted graph would give
better details and accurate results.

References

[1] Parkvall, S.; Dahlman, E.; Furuskar, A.; Jading, Y.; Olsson, M.;
Wanstedt, S.; Zangi, K.; , "LTE-Advanced - Evolving LTE towards IMT-
Advanced," Vehicular Technology Conference, 2008. VTC 2008-Fall.
IEEE 68th , vol., no., pp.1-5, 21-24 Sept. 2008
Sawahashi, M.; Kishiyama, Y.; Taoka, H.; Tanno, M.;
Nakamura, T.;, "Broadband radio access: LTE and LTE-
advanced," Intelligent Signal Processing and
Communication Systems, 2009. ISPACS 2009.
International Symposium on, vol., no., pp.224-227, 7-9
January 2009.

S’tencel, V.; Mu’ller, A.; Frank, P.;, "LTE Advanced

- A further evolutionary step for Next Generation Mobile
Networks," Radioelektronika (RADIOELEKTRONIKA),
2010 20th International Conference, vol., no., pp.1-5,
19-21 April 2010.

Ekiz, E.; Sokullu, R.;, "Comparison of path loss
prediction models and field measurements for cellular
networks in Turkey," Mobile and Wireless Networking
(iCOST), 2011 International Conference on Selected
Topics in, vol., no., pp.48-53, 10-12 October 2011.
Chebil, J.; Lwas, A.K.; Islam, M.R.; Zyoud, A.;,
"Comparison of empirical propagation path loss models
for mobile communications in the suburban area of
Kuala Lumpur,"Mechatronics (ICOM), 2011 4th
International Conference On, vol., no., pp.1- 5, 17-19
May 2011.

A.R. Mishra, “Advanced Cellular Network Planning and
Optimisation”, Wiley, 2007.

Amarasinghe, K.C.; Peiris, K.G.A.B.; Thelisinghe,
L.A.D.M.D.; Warnakulasuriya, G.M.; Samarasinghe,
A.T.L.K.;, "Comparison of propagation models for
Fixed WiMAX system based on IEEE 802.16-

2004," Industrial and Information Systems (ICIIS), 2009
International Conference on, vol., no., pp.123-129, 28-
31Dec. 2009.

[2]

(3]

(4]

[5]

(6]

[71

ISBN 978-89-968650-0-1

483

Rosilah Hassan (M’12) became a Member (M) of
IEEE in 2012. She received PhD in mobile
communication from University of Strathclyde,
United Kingdom in May 2008. Previously she
obtained Master of Electrical Engineering in computer
and communication from Universiti Kebangsaan
Malaysia, Malaysia in 2009. Her first degree is BSc.
in Electronic Engineering from Hanyang University,
South Korea in 1997. She is currently an Associate
Professor in  Universiti Kebangsaan Malaysia,
Malaysia in School of Computer science, Faculty of
Information Science and Technology. She has been
serving Universiti Kebangsaan Malaysia since 1997.
Among her publications are (1) Nurul Halimatul
Asmak Ismail; Rosilah Hassan; Khadijah W.M.
Ghazali. A study on protocol stack in 6lowpan model.
Journal of Theoretical and Applied Information
Technology 2012;41(2):220-229, (2) Samer Sami
Hasan; Rosilah Hassan; Faisal Elhadi Abdalla A new
binding cache management policy for NEMO and
MIPV6. Journal of Theoretical and Applied
Information Technology 2012;36(1):113-117, and (3)
Rosilah Hassan; M. Khairil Sailan. End-to-end
baseline file transfer performance testbed. Information
Technology  Journal  2011;10(2):446-451.  Her
research interests include networking, maobile
communication, and quality of service. Dr. Rosilah is
also a member of The IET, United Kingdom. She was
a member of program committees and reviewers in
2011 4th International Conference on Computer
Science and Information Technology (ICCSIT 2011),
Chengdu, China and 2010 International Symposium in
Information Technology (ITSim), Kuala Lumpur,
Malaysia, and also an editor for ICACT Transactions
on Advanced Communications Technology (TACT).

Faisal Mohd Amin was born in Klang, Selangor,
Malaysia on 5th October 2012. He received his
undergraduate degree in BSc (Hons) Network
Computing from University of Sunderland, United
Kingdom in July 2010. Currently he is pursuing his
Masters of Information Technology at Universiti
Kebangsaan Malaysia in Bangi, Selangor, Malaysia.
His research interest is on radio wave propagation
models on 4G network (current)

January 27 ~ 30, 2013 ICACT2013



