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ABSTRACT

Mm-wave bands have recently become major options for short-range, high speed
communication systems especially in the indoor wireless local area networks (WLANs). The
pathloss prediction model is one of the metric parameters for determining the system
effectiveness and performance in wireless indoor propagation. The channel characterization of
24GHz band in corridor propagation through extensive field strength measurements in real
time application was conducted in this work. The results were used to derive the path loss
equation for corridor propagation at this spectrum band based on log-distance path loss model
and log-normal shadowing model. The pathloss realized falls within the estimated values in
such scenario, it is therefore concluded that the predicted mathematical model for the
described environment is accurate. Also the predicted pathloss which is lower than the free
space propagation path loss results in aggregate high data rate, hence improved system
performance is achieved.
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1 Introduction

The ever increasing supply of, and demand for, broadband multimedia to match up with the
ever increasing capacity of wireless networks, had led to wireless transfer demand that is far
beyond what the current bands in the Industrial, Scientific and Medical (ISM) and Unlicensed
National Information Infrastructure (UNII) bands can accommodate. A way out is to resort to
the millimeter wave (mmw) bands. Also the high data rates intended for 4G infrastructures will
require the use of unlicensed spectrum with high and sufficient bandwidth to accommodate
such huge capacities [1]. Mm-wave bands such as 24 GHz and 60 GHz have recently become the
major options for short-range, high speed communication systems especially in the indoor
wireless local area networks (WLANs). These bands offer the gigabit per second (Gb/s)
throughput required by multimedia consumer-oriented applications. For the dramatic growth in
appreciation and application of wireless communications, high quality of service (QoS), increase
in the system reliability and capacity are inevitable for seamless communication systems. To

DOI: 10.14738/tnc.24.361
Publication Date: 24" August 2014
URL: http://dx.doi.org/10.14738/tnc.24.361



Transactions on Networks and Communications; Volume 2, Issue 4, August 2104

achieve this in mobile radio channel, the technical challenges peculiar to mmw such as
multipath fading, polarization mismatch, and co-location interference must be adequately
addressed [2]

Also, as e-commerce is becoming more widely used, it is expected that good internet
services are available to end-users as they commute from place to place. In this scenario, as
mobile terminals move from one office to the other through corridor and the like, wireless
services should retain their high-throughput during the transit events [3]. The task of modelling
radio propagation at hallway and tunnels is enormous. Among the various channel modelling
techniques, ray tracing is well accepted [4-6]. It is noted that propagation in corridors and
hallways suffers less losses than free space loss, on the contrary propagation through walls and
floors incurs higher losses than free space loss [7].

This is similar to the experience in the corridor propagation as revealed by the results of the
experimental work. This work carried out extensive signal strength measurements along a level
four of a multi-storey building corridor. The results were used to determine the path loss
exponent and standard deviation based on Log-distance path loss model and Log- normal
shadowing respectively. An equation that describes the path loss of our propagation scenario
was derived through numerical analysis of the results. The remainder of this paper is arranged
as follows: Section two discussed the previous research works by different authors in the
relevant area. The relevant background study of the topic was presented in section three, while
the results and discussion of the experimental work carried out were presented in section four.
Finally, the conclusion was given in section five.

2 Related Work

A lot of research works have been done and still on going in the area of wireless
communication performances. Interest is been focused on the WLAN technology to provide the
gigabits throughput required by multimedia applications, video conferencing, data streaming
and many more services especially in an office environment as well campuses. In literature,
there are some works on system performance evaluation and interference mitigation
techniques in WLAN. However, very few of these authors have engaged physical devices in their
works to realize real values. Likewise, the possibility of engaging 24GHz bands for wireless
indoor propagation in multipath rich environment such as corridor has not been conducted by
any author to the best of my knowledge. The first set of results in indoor WLAN at 24GHz is
presented in this work. Some of the findings of the previous authors related to this work are
enumerated as follows:

The overview of the newest technologies promised to deliver multi-gigabits throughput
through IEEE802.11ac and IEEE802.11ad standards was carried out in [8]. The author described
the channelization of physical (PHY) design, medium access control (MAC) modifications, and
beamforming in the standards. In [9], the pathloss and delay characteristics of indoor radio
channels from 2.4 GHz to 24 GHz were carefully investigated in a typical modern building. One
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particularly interesting conclusion was that delay variation increased with frequency in the
Non-Line-of- Sight (NLoS) case in contrast to Line-of-Sight (LoS). In [10], the same authors used
ray-tracing techniques to model, with good accuracy, 2.4 to 24 GHz path loss in the NLoS cases.
They also found that delay variation was only predicted reliably in the LoS case. A 2.4 GHz
indoor radio WLAN in a dense office environment was examined in [11]. It was concluded, inter
alia, that the antenna properties can have a large impact on performance. The effects of wall
materials on the attenuation of radio waves in indoor propagation up to 5 GHz were considered
in [12]. They observed that signal attenuation is differentiated by wood or concrete
construction and its dependence on frequency.

From this review, it is concluded firstly that the 24 GHz band is worth considering for the
indoor environment. Secondly, we believe this present work to be the first investigation of 24
GHz band, high-data rate, within-building, wireless systems. Research showed that there is a
logarithmic decrease relationship between the average signal power and the distance in a
theoretical and measurement based propagation models. The computational complexity
involved can be reduced by empirical models while prediction accuracy is increased [13]. This
work is based on Log-distance path loss model and Log-normal shadowing.

3 Basic propagation property at MMW

The success of radio wave propagation in a building is affected by the topology,
construction and materials of the building. A modern building with open-plan design containing
walls with large glass windows will give added path loss of about 5dB while a building made of
thick stone walls with small windows and many internal solid walls will add an extra path loss of
several tens of dB (decibel). Some of the physical effects of wireless indoor propagation are fast
decay of signals, constrained coverage by walls, and attenuation by walls, floors, furniture, and
scattering of radio waves [14].

3.1 Fresnel Zone

It is important to maintain a radio frequency (RF) LoS between the transmitting and
receiving terminals for effective long range wireless communication systems. Visual LoS is a
straight line path that enables a clear sight between two terminals. In any case RF LoS requires
both virtual LoS as well as a Fresnel zone that is void of obstacles to achieve optimum data
transfer from one point to another. Fresnel zone is defined as the long ellipsoid path between
two terminals that creates a path for RF signals. It is very essential that the Fresnel zone be
freed of any obstructions such as buildings, trees, humans, as these will degrade the
communication networks and reduce the range. As a rule of thumb, 60% of this zone must be
cleared of obstruction. Any transmission path void of Fresnel zone is termed RF NLoS, this a
typical experience in indoor propagation environment [15].
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3.2 Multipath and fade margins

Multipath is the splitting of the RF signals from the transmitter along different paths. This
phenomenon can be constructive when the waves travelling along different paths combined in
phase at the receiver, otherwise destructive when they combine out of phase thereby
cancelling out the signals. Fading is as a result of multipath, it is the difference between the
normal received power and the power required for minimum acceptable performance. Greater
fade margin imply less frequent occurrences of minimum performance levels, this also means
that the received signal during unfaded condition is so strong that bit errors are virtually non-
existent. Severe fading due to multipath can cause a signal degradation of more than 30dB,
which will affect the reliability of the communication links [16].

3.3 Pathloss models

A propagation model is a set of mathematical expressions, diagrams, and algorithms used to
represent the radio characteristics of a given environment. The pathloss prediction models can
be either empirical (also called statistical) or theoretical (also called deterministic), or a
combination of these two. The empirical models are based on measurements, while the
theoretical models deal with the fundamental principles of radio wave propagation phenomena
[17]. Some existing pathloss models are listed below:

3.3.1 Okumura-Hata Model

This is a combination of two models developed by Masaharu Hata and Okumura. This model
accuracy is high as it is based on measurements in a specific environment but it can only be
used to predict the path loss of outdoor propagation. It is expressed mathematical as follows
[18]:

Lso(dB) = 69.55 + 26.16 log(f.) — 13.821og(h;,) — a(h,e)
+(44.9 — 0.55log(h.))log(d) 1)

Where, Lso(dB) is the 50th percentile median pathloss, f, is the center frequency in
megahertz, h;, and h;, are base and receiver stations antennas heights in meters respectively,
a(h,.) is a vehicular station antenna height-gain correction factor depending on the
environment, and d is the link distance in kilometers.

3.3.2 Log-distance pathloss model and Log-Normal shadowing

These are acceptable models for prediction of pathloss in an indoor/NLoS propagation
environment. They show the linear relationship between the pathloss in decibel and the
logarithmic variation of the transmitter and receiver separation [2]. The path loss exponent (n)
on which large scale pathloss of random T-R separation depends is a function of the
propagation environment while reduced value of n gives lower signal loss. The value of n for
free space is 2, it ranges from 1.2 (waveguide effect) to 8 in general. Equations (2 and 3) depict
the parametric relationship of Log-distance pathloss model.
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The different level of clustering on the signal propagation path leads to random shadowing
effects. This is not accounted for in Log-distance path loss but in Log-normal shadowing as
shown in (4). The average pathloss for a given transmitter and receiver distance d is given by
[19, 20] as follows:

PL, (dio)n 2)
PLys = ULy, + 10nlog (dio) (3)

Where PL is the average pathloss between transmitter and receiver, UL, is the reference
pathloss at dy,==1m for indoor propagation, n is the pathloss exponent and d is the separation
between transmitter and receiver in meters. (2) is modified as shown below to give the Log-
Normal Shadowing equation.

d
PLgs = ULg, + 10nlog (d—o) +X, (4)
3.3.3 Joint Technical Committee (JTC) Model
The mathematical representation of this model is given according to [21] [22] as:

Lrotar = A+ Blogio(d) + Le(n) + X, (5)

Where A is an environmental dependent fixed loss factor in dB, B is the distance dependent
loss coefficient, d is the separation between transmitter and receiver in meterL; is a floor/wall
penetration loss factor in dB, n is the number of floors/walls between the transmitter and
receiver, and X, is a normal (Gaussian) random variable in dB with zero mean and standard

deviation o in d.

4 Experimental methodology

The experimental set up shown in Fig 1 consists of the 24GHz point-to-point link with
maximum output power of 20dBm. It has delivery capacity of 1.4Gbps using the HDD in
bidirectional mode at 6X64 QAM modulations scheme (highest) and is backward compatible to
lower modulation scheme of QPSK through the automatic rate adaptation to accommodate low
signal transmission. The feature enables a link pair to sustain up to 142.5 dB path loss when
switched to basic QPSK modulation mode. Full duplex transmission is used with slight different
carrier frequency of 24.1 and 24.2GHz; a bandwidth of 100MHz. The transmitting and the
receiving terminals have an antenna gain of 33dBi each [23][24]. For the empirical experiment,
both antennas were mounted on tripods 1.7m above the floor level, and connected to PCs for
signal transmission monitoring. The link was set up in the corridor as shown in Fig 2, where the
signal strength measurements at eight different distance locations from 1m-36m at step of 5
were taken during propagation.
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Fig.1: airFibre Ubiquiti 24 GHz back-to-back set-up in full duplex operation

Fig.2: detailed map of signal propagation at the corridor

4.1 Results and Discussion

In order to predict the pathloss model for the environment under consideration at 24GHz

spectrum, the values for predicted pathloss (UL) are calculated using (2) and (3), the pathloss
exponent (n) is derived from the measured values using Linear Regression concept to minimize
the difference between the measured and predicted pathloss values means square error, and
to compute the values of n and o [20] as represented by the following equations:

en) = Y\ (PL—UL)? (6)

The computation procedures are as simplified in the table below:
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Table 1: Computation of Mean square error

Distance(m) | PL(dB) UL(dB) (PL-UL)dB | (PL-UL)*dB
1 54.033 54.033 0 0-
2.33-7.7n 5.43-
6 56.37 54.03+7.7n 35.88n+59.29n’
54.03+10.04n 9.43-10.04n
88.93-
11 63.46 189.35n+100.80n’
13.72-12.04n
188.23-
16 68.09 54.03+12.04n 330.37n+144.96n’
14.66-
13.22n
214.91-
21 69.03 54.03+13.22n 387.61+174.76n"
18.89- 356.83-
26 73.26 54.03+14.14n 14.14n 534.20n+199.94n>
25.54- 652.29-
31 79.91 54.03+14.91n 14.91n 761.60n+222.31n’
27.75- 770.06-
36 82.12 54.03+15.56n 15.56n 863.5n+242.22 n’
From the table,
e (n) =1144.17n2-3100.51n+2276.68 )

By differentiate (7), the value of n was computed as;

n=14
The standard deviation was derived in a similar manner using:

o(dB) = Z /% (8)
k=1

m = 8, is the number of locations where measurements were conducted

o (dB)=4.9dB
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The model for the considered propagation environment using (4) and the calculated
parameters therefore is,

PL (dB) =54.03 +10(1.4) log (d) + 4.9
PL (dB) = 54.02+14log (d) +4.9 (9)

The results of the experiments yielded the path loss exponential of 1.4 and standard
deviation of 4.9dB. Since the path loss falls within the estimated values in such scenario (1.2-8)
[3], then it can be concluded that the predicted mathematical model for the described
environment is accurate. Also the low value of the path loss suggests that the signal loss in this
scenario is low. This peculiarity can be traced to the wave guiding effects that enhance the
signal propagation in the corridor. Since the predicted path loss is lower than the free space
propagation path loss, aggregate throughput of data rate is high, hence improved system
performance is achieved.

The equation generated from pathloss prediction is used to create the models shown Figs 1-
3, to visualize the propagation phenomenon for the propagation environment. The Figs reveal
that the measurements models outperformed both the free space model and proposed model
by an average of 10dB and 8dB respectively, while a convergence is seen between the measure
and predicted models as the distance increases (Fig 4).The predicted models though
outperformed the free space model, both are seen to be almost same the at the initial stage
but deviate as the distance increases with an average difference of 10dB at 36m distance (Fig
5).

Comparison of Measured and FSPL Signal Strength
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Fig 3: Measured Signal Pathloss and FSPL compared
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Comparison of the Measured and Predicted Signal Strength
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5 Conclusion

In this work, indoor propagation model was developed for a corridor based on empirical
model of Log-distance path loss model and log-normal shadowing .The path loss equation for
our scenario was determined through numerical analysis of measurement results. The results of
the experiments yielded the path loss exponential of 1.4 and standard deviation of 4.9dB. The
pathloss exponent of 1.4 realized through the pathloss prediction empirical analysis is
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significant: Since the path loss falls within the estimated values in such scenario (1.2-8), then it
can be concluded that the predicted mathematical model for the described environment is
accurate. Its low value confirmed the good signal strength achieved in this scenario during
wireless transmission as reported in earlier work [25], establishing the fact that the waveguide-
like effects of the corridor enhanced the signal throughput through reflection; it also represents
the different obstruction the signal passed through during propagation. Since the predicted
path loss is lower than the free space propagation path loss, aggregate throughput of data rate
is high, hence improved system performance is achieved. The results show that a
hallway/corridor as well as typical office can be flooded with gigabit/s through wireless
transmission to enable seamless communication and adequate bandwidth requirement for
multimedia applications services.
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