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Abstract loss, delay dispersion and large scale fading parameters of

This paper presents the results of path loss and delay
dispersion parameters of Ultra Wideband (UWB) channel
focussing on communication in a laboratory environment.
Measurements are performed in frequency domain for the
entire 7.5 GHz UWB frequency band (3.1 — 10.6 GHz). A
Vector Network Analyser is used to record the channel
transfer function. Antennas used for the measurement are
Omni-directional micro-strip monopole. Both “Line-Of-
Sight” (LOS) and “Non-Line-Of-Sight” (NLOS) scenarios
are considered for the measurement. Distance dependent
path loss and delay dispersion parameters of the channel
are calculated from the measured data. Path loss
fluctuation (Large scale fading) is modelled statistically.
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I. Introduction

UWB technology is of immense interest among
researchers and academia for its low power short range high
data rate wireless communication capability. Range of
frequency for UWB communication allocated by FCC is 3.1
—10.6 GHz and maximum spectral power is — 41.3 dBm per
MHz [1]. Development of efficient wireless communication
system necessitates accurate characterization of different
parameters modelling the channel of interest. Characteristic
parameters of UWB channel depends highly on the
environment. Several researchers have studied the UWB
propagation channel in different indoor environments [2] -
[6]. There is a potential application of UWB radio in
laboratory environments for low power high data rate
wireless communications among different equipment and
PCs. The scenarios of laboratory environment are different
from typical office and residential environment. Main
focuses of this study is to statistically characterize the path

UWB channel in laboratory environment.

The paper is organized as follows. Section Il describes
the details of measurement setup and procedures. Section |11
presents the results of path loss and large scale fading
analysis. Section 1V gives the detail findings of delay
dispersion parameters and finally section V concludes the

paper.
Il. Measurement Setup and Procedure

The channel measurement setup used in this work
consists of a Rhodes and Schwarz Vector Network Analyzer
ZVA 24, a pair of Omni-directional UWB antenna, coaxial
cables from Minicircuit, PC with LAN for remotely storing
and post processing of data. The selected frequency band
for the measurement is from 3.1 GHz to 10.6 GHz with total
of 1601 frequency sweep point. Time resolution (zys =
1/BW) of the measurement setup is 133 picosecond. Table 1
lists the parameters of the measurement setup

Table 1: Measurement parameters

Parameter Value
Frequency Band 3.1-10.6 GHz
Bandwidth 7.5 GHz

No of points 1601

Sweep time 3.2sec

IF bandwidth 1 KHz
DANL(avg. Noise floor) -120 dBm
Transmitted power 10 dBm

Measurements were performed in a typical laboratory
environment of size (11.5 x 9 meter) consisting of different
laboratory  instrument, computers, work benches,
bookshelves, tables, chairs etc. Measurements were
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conducted at two different scenarios one in pure Line-
Of-Sight (LOS) and other one in Non-Line-Of-Sight
(NLOS) environment. In both cases, T, antenna is fixed
at one position and R, antenna position is changed
from nearest to the farthest position in steps of 0.5
meter. At each spatial point 16 channel responses were
recorded on a (4 X 4) square grid to remove small
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antenna structure has been designed, fabricated and
tested in the laboratory. The design is based on [8]
with slight modification. Specifications of the antenna
are listed in Table 2.

Table 2: Antenna specifications

scale fading effect from the measurement. Grid points
are separated by Scm (A/2) to make sure of
independent fading [7]. The process is repeated for a
large  number of different receiver-transmitter
positions. Heights of transmit and receive antenna were
kept at 1.05 meter above the floor. All measurements

Parameter

Specification

Frequency range

3-10.6 GHz

VSWR

< 2:1 across 3 —10.6 GHz

Polarization

Linear

Radiation pattern

H plane Omni

Feed impedance

50 Q

were performed during night time or holidays to get
guarantied static channel during measurement. Figure
1 and Figure 2 below shows the measurement setup
and measurement plane respectively.

Figure 1: Snapshot of the measurement setup
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Figure 2: A sketch of the measurement plane
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Antenna pair used for the measurement is a
rectangular  micro-strip monopole  with  Omni-
directional radiation pattern in azimuth (H) plan. This

12 mm x 18 mm

Assembly PCB

I11.Path Loss and Large scale Fading
Analysis

Path loss refers the decay of received power with
distance. Since UWB signal has extremely high
bandwidth, different frequency components have
different effect on the received power. Generally for
UWB system, frequency dependence and distance
dependence of path loss are treated independently [9].

PL(f,d) = PL(f).PL(d)..c.co... Q)

Several researchers have studied the frequency
dependency of channel. P. Pagani et all [10] reported
that a theoretical frequency loss of — 20 log( f ) can be
used for a modelling of frequency dependent UWB
path loss. In our study we have considered the distance
dependency of the channel. This frequency average
path loss is modelled as [11]

PLee(d) = PLes (d, ) +10nlog [di] ............. (2)

[¢]

Here, P_LdB(do) is the mean path loss at a reference

distance d,, n is the path loss exponent which depends
on the specific environment. Reference distance is so
chosen that it satisfies the far field requirement.
Normally in indoor UWB channel measurement this is
taken as 1 meter. In our measurement, received power
at each measurement point is calculated from the
channel transfer function as [12].

PL(d) =-10log,, [%i[ﬁlimwk (d, f )\ZD ........ ©)

i=1

Received power calculated from Eqn. 3 is plotted
against 10log,o(d/d,). Figure 3 and Figure 4 below
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show the path loss for LOS and NLOS environment
respectively. A linear regression line is fitted to the
measured data by least square method to get the path
loss exponent.
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Figure 3 Scatter plot of path loss for LOS
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Figure 4 Scatter plot of path loss for NLOS

Fitted line gives the estimation of path loss at a
distance d. Slope of the fitted line gives the estimation
of path loss exponent n and the point of interception of
the line to Y axes gives the estimation of path loss at
reference distance. From the analysis the path loss
exponent n is found to be 1.7 and 2.08 for LOS and
NLOS environment respectively. Reference path losses
are found to be 48 dB and 51.45 dB respectively for
LOS and NLOS.

When there is no direct path between Tx and Rx
antenna (NLOS), then received power deviates from
the linear regression line which is termed as large scale
fading. This fading is a random parameter and hence
the path loss expression Eqn. 3 modifies to

d
PL(d) = PL(do)+10nlog[d— T G (4)
0

Deviations of points from the estimated line are

calculated to estimate the X_. Mean and standard

deviation of X_ are found to be 0 and 1.5 respectively.
To verify the distribution followed by X_we have
performed the Kolmogorov Smirnov test on X _ with

simulated normally distributed CDF of same mean and
standard deviation. Test shows that our observations
are from the same distribution with a significance level
of a = 0.05. Figure 5 shows the histogram of large scale

fading. Figure 6 represents the cdf of measured X_and
simulated cdf. Large scale fading is found to be
Lognormally distributed in linear scale which is normal
in log scale.
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Figure 5 Histogram of large scale fading (dB)
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Figure 6 CDF of large scale fading

IV. Analysis of Delay Dispersion
Parameters

In time domain a channel is described by its
impulse response. Recorded channel transfer functions
are converted to time domain impulse response by
taking IFFT in matlab. A Hamming window is applied
to frequency domain data to reduce side lobe in time
domain. Squared impulse response gives the Power
Delay Profile (PDP) which describes the power
contained in each multipath component. PDP has been
computed from impulse response as [13],

0(0)= 5 SN o9

This gives the PDP at a spatial point averaged over 16
local points. hy(z) is the impulse response at k"
measurement. Delay dispersion parameters are
quantified by the Mean excess delay, RMS delay and
Maximum excess delay. These dispersion parameters
are defined with reference to a threshold value set from
the maximum peak power. To calculate the delay
parameters we have shifted the time axes of each Small
Scale Average PDP (SSAPDP) such that first multipath
component above the threshold appears at zero. There
after we have normalized the SSAPDP such that total
multipath power became unity.
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Mean Excess Delay

Mean excess delay represents the point in delay
domain where most of multipath powers are
concentrated. Mean excess delay (z,,) is calculated from

SSAPDP as
Z p(zi )7
K

7, :W ............ (6)

Empirical CDF of mean excess delay with different
threshold value for LOS and NLOS environments are
shown in figure 7 and figure 8 respectively. Mean of
mean excess delay and standard deviation for LOS and
NLOS environment are given in Table 3 and Table 4
below.

Empirical CDF
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Figure 7: CDF of mean excess delay (LOS)
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Figure 8: CDF of mean excess delay (NLOS)

Table 3: Mean Excess delay (LOS)

Sl. | Threshold | Mean of Mean Std. dev. of Mean
No Excess Delay (ns) Excess delay (ns)
1. 10dB 2.54 1.12

2. 15dB 3. 67 1.32

3. 20dB 5. 62 2.21

4, 25dB 7.42 2.10

Table 4: Mean Excess delay (NLOS)
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RMS Delay (t,ms)

RMS delay spread is the square root of second
central moment of multipath power intensity profile.
This represents the temporal spread of multipath power
in delay domain. This parameter determines the symbol
rate of a communication system. We have computed
RMS delay spread as

Where 7, is given by

Z (7, )Tk2
T2 = W ............ (8)

Empirical cdf of 7, with different threshold value

for LOS and NLOS environment are shown in Figure 9
and Figure 10 respectively. Mean of 7, and standard

deviations with different thresholds values are given in
Table 5 and Table 6 below for LOS and NLOS.

Empirical CDF
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Figure 9: CDF of RMS delay (LOS)

SI. | Threshold | Mean of Mean Std. dev. of Mean
No. Excess delay (ns) Excess delay (ns)
1. 10dB 7.16 5.10
2. 15dB 10. 11 5.79
3. 20 dB 12.54 6.07
4, 25 dB 14. 50 6. 67
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Figure 10: CDF of RMS delay (NLOS)
Table 5: RMS delay (LOS)
Sl. | Threshold | Mean of RMS Std. dev. of
No. delay (ns) RMS delay (ns)
1. 10dB 2.59 1.06
2. 15dB 4. 07 1.57
3. 20dB 7.17 3.00
4, 25dB 10. 25 3.71




Table 5: RMS delay (NLOS)
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Sl. | Threshold | Mean of RMS | Std. dev. of
No. delay (ns) RMS delay (ns)
1. 10 dB 4.91 3.21

2. 15 dB 7.75 3.67

3. 20 dB 10. 96 4.21

4, 25dB 14. 06 4. 63

V. Conclusions

This paper presents the empirical results of Path
Loss, Large Scale Fading and Delay Dispersion
parameters of UWB channel in a laboratory
environment. Path Loss exponents are found to be 1.7
and 2.08 for LOS and NLOS scenarios respectively.
Large Scale Fading is modeled as lognormal with mean
0 and standard deviation of 1.5. Mean excess delay and
RMS delay spreads are calculated for different
threshold values and their mean and standard deviations
are reported.
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