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Abstract
Ultra-Wideband (UWB) technology has
characteristics which includes low sensitivity to fading, superior

so many striking

performance, low interference, easy to penetrate in walls as well as in
floor. The main motive of this work is to analyze the capability of
UWB technology as various aspects and improve its performance,
since the main drawback of this system is that the power spectral
density of the transmitted signal is rather limited. The MIMO
technology may provide a solution by increasing the received SNR for
the same transmission power, but the problem in this case is the spatial
correlation resulted. To solve the problem two technologies are
integrated along with the UWB using Time Reverse (TR) by TR-
MIMO and TR-SIMO. Among these integrations, the robust
performance of the UWB is analyzed by comparing the transmission
rates for a given outage probability. In the last step, the
(SIMO/MIMO)-UWB and TR-(SIMO/MIMO)-UWB wete compared
in terms of BER values to create the way of applying the UWB in so
many applications.

Keywords: Ultra-Wideband (UWB) Technology, Time-Reversal (TR),
Spatial Correlation, Outage Probability.
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1. Introduction

In Communication systems, Ultra-Wideband
(UWB) technology has various kinds of applications
in recent years [1]. The rising demand of UWB
technology lead researchers to develop innovative
techniques [2]. Also, UWB technology has an

epitome high rate. This technology is a short-range
communication mainly for a body centric
communication due to its aspects which include wide
bandwidth, less possibility of intercept and low-
power consumption [3]. In the wireless
environments, UWB derives systematically to rectify
the issues in the limitation of bandwidth. To shift the
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complexity in designing related to the receiver as well
as transmitter, Time reversal (TR) technology is
considered. TR has a range of applications in under
water communications and also in acoustic field. In
modern era, TR is broadly used for UWB
communication. It allows notably less co-channel
interference in a system of multi-cell. This results in
an effective utilization of bandwidth in the entire
network. This technique can also improve the
transmission rate and reduce the channel influences
which typically lead to MU-UWB system quality
reduction. This is the reason why the TR has more
attention in UWB system.

In case of a single-input, single-output (SISO-TR)
scheme [4], the channel impulse response (CIR),
which is time reversed, is utilized as a transmitter pre-
filter. The received signal significantly intended in the
temporal and spatial domains which has a major role
in shifting the complexity.

The second case is the single-input multiple-
outputs (SIMO) [5]. One of the motivations to use
this technique is the usage of a single transmitting
antenna. Hence, the effect of transmit spatial
correlation will be clearly reduced, but with a loss in
transmission diversity. In this case, from one antenna
many contracted pulses are transferred towards
numerous receiving antennas. Thus, the CIRs aimed
at only one communicating antenna. The numerous
received antennas are dignified and combined
together. The resultant signal is then reversed and
transmitted again from a particular antenna which is
initially transmitting [6]. It is transmitted towards a
certain multiple antenna set. From these multiple
antennas, the received signals are again combined
together.

The third case is the multiple-inputs, multiple-
outputs (MIMO) technique which is famous along
with its tremendous capability by utilizing numerous
transmit and receive antennas to develop the
diversity. The MIMO-UWB technique assists the
entire system to develop its transmission rate
considerably. Actually, the UWB originates by means
to solve the limitation of bandwidth. It is clearly
understood that in reality, the channels are typically
multi-path fading channels. Hence, the problem of
the transmission quality arises when we aid multi-user
in UWB system. One solution to solve these kinds of
issues is the integration of MU-MIMO-UWB system
with the TR technique. This can effectively reduce
the channel influences and the BER.

The organization of this paper is divided into five
sections. After the introduction in Section 1, we
explain the literature related to this proposed research
in Section 2. Section 3 clearly elucidates the proposed
work with neat sketches. Section 4 depicts the results
of the research work. Finally, in Section 5 we
conclude this work with the statements which are
observed from the outcomes, and the future works
are also included in this section.

2. Related Works

In research [7] the author has compared TR based
system performances with state—of-art- non filtered
scheme. This work has proposed uncoordinated IR-
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UWB network with a distributed context including
ISI/IFI and the dispersion of multi-path with more
assumptions. The outcomes have shown that the
non-pre-filtered and TR system performances wete
affected by the power control lack and defective
channel knowledge.

In research [10] the author has presented the
complete examination of MU-MISO UWB systems
engaged with TR pre-filter. In this model, the channel
estimation errors (CEE) and spatial correlation have
been considered. To classify the impact of the
propagation situations, an innovative expression in
closed method for the regular SINR has been
affecting performance metrics of TR. The CEE and
high spatial correlation have been the reason for
considerable decrement in the effectiveness of the
bandwidth. Through the numerical simulations, all
the theoretical results have been verified.

In research [14] The author has developed a
model for energy consumption. This model has been
used to estimate consumption of electrical energy
corresponds to the systems of impulse radio ultra-
wideband (IR-UWB). The comparative study also has
been done depending on SISO as well as MISO. At
the same time, the comparison made with the TR-
MISO configuration and MISO alone configuration.
The outcomes have shown the unique behaviors
based on the condition of propagation, considered
number of antennas. By utilizing this model, a radio
frequency designer has easily acquired the noteworthy
inputs by means to select optimum configuration to
frame a system of IR-UWB with adaptive energy
awareness.

In research [15] the author has deliberated the
SIMO system communication. When the aspects of
hardware device have been considered, the antenna
spacing restriction has caused system performance
scaling down because of the correlation among the
antennas. The novel pre-filtering vector has been
proposed to resolve the interference which was
produced by correlation’s poor effects. The proposed
pre-filtering vector was for the replacement of
existing TR system. Exactly, this approach depends
on the correlation matrix among the receive antenna.
Through the Monte-Carlo simulation, the innovated
pre-coder’s effectiveness was assured and confirmed.

In research [16] the author has proposed a MIMO
band notched antenna for the application of portable
UWB. The mutual coupling has been reduced by
proposing an antenna that comprises two square
monopole-antenna elements. The first one is the T-
shaped ground stub and the second one on that
ground stub is a vertical slot cut. The simulation as
well as various parameter measurements were carried
out to investigate the performance of antennas. The
outcomes have shown that the proposed MIMO
antenna has a noble entrant for the application of
portable UWB.

3. Proposed Work

Our proposed work focuses on the transmitter
side, which transmits IR-UWB waves to the receiver
via UWB channel model four (CM4). The IR-UWB
waveform and CM4 parameters according to IEEE
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802.15.3a standard are available in [1]. For channel
correlation, we used a fixed correlation model
because of its simplicity and its immediate application
to the existing IEEE 802.15.3a standard.

The main motive of our work is to analyze the
performance of UWB channel with different
numbers of inputs and outputs, as a step in the way
to find the best scheme dealing with transmit spatial
correlation’s effects. The proposed work consists of
various modeling technologies with diagrams.

3.1 TR Methodology

In TR, time reversed channel impulse responses
(CIR) is utilized as a transmitter pre-filter. After the
process of pre-filtering, the signal circulates through
an invariant channel ensuing the similar lanes. In the
time and spatial domains [5]. Typically, it is a scheme
of pre-Rake. Consider the general MIMO-UWB
iyi, () be the CIR

of the channel from the i,™ transmit antenna to the

system illustrated in Figure 1, Let h;

i;™ receive antenna, which can be typically modeled

as [0]:

K L
hl1lz(t = Z (1112)6 Tk(iliZ) - Tl(cl:;iZ)) 4 (1)

k=1
Where a, Ll
fading, cluster delay and ray delay respectively.

The CIR matrix G (t) for the MIMO channel is:

T(lllz) ad T(12) are the amplitude

[ hi1(€)  hya(0) hing (1) ]
G(t) = | h21(t) hzzz(t) hZNTE(_t)I.(Z)
hNRI(t) hyg2(0) hypng (1)

Then the TR filter matrix which is based on the
original CIR matrix reversed in the time domain and

transposed in the spatial domain, denoted as G (t) =
[G(—D)]T will be:

[ h11(=1) ha1(-t) hng1(-0) 7
Ihaall [lh21l ||hNR1||
hi2(=t) ha2(=t) hngp2(—t)
G(t) = Il el [ange] |, (3)
Rang(=8)  honp(=) —a
I [ [ [avgn ] |

Where [|. || denotes the 2-norm defined by:

+00
IRIl = f R2(0)dt,

The CIR matrix of the equivalent composite channel
is:

G =G =G, C)
Denote by x(t) and y(t) (both are of dimensions
Np) the transmit and receive signals of the TR system
at time t respectively. Then we have [5]:

yi(®) —ZNT hlk(t)*%* ()
Nr Nt

+Zzhlk(t)* }”k( II)*xf(t)Jf"i(t)' ©)
J=1k=1 Jk
J#i
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With i = 1, ..., Ng, n is the receiver noise and X;, ¥;
and n; denote the i th entrty of x, ¥y and n
respectively.
T Iy,
h\"' |
II_.‘ t / R _h'_l'|
Ty——b 0 —
. R : ' Receiver |
. Mirror . *
! by, \1/ '
W N m——l
k iy e R

Figure (1): Block diagram of the TR system

3.1.1 Modeling of TR-SIMO-UWB
transmitter:
The SIMO-UWB  transmitter  with  the

implementation of TR technology is illustrated in

figure 2.
%O(SJ‘SQ
Info. PAM Mirror STC Y
| Mapper |~ (hn(_t) hzi(_t))_) (ﬁi ‘SE)
HhuH HhuH 2 s; [SZ‘s;)

Figure (2): TR-SIMO-UWB transmitter for 1*2 case.

(g ry) (5415,)

TR Alamouti

Source

In this technology, a single IR-UWB pulse is
transferred from one antenna towards multiple
receiving antennas using Alamouti Space-Time
Coding (STC) scheme, since we transmit Np data
streams via the single transmit antenna. So, the CIR
should be available in both transmitter and receiver
sides. The final signals are reversed and again
transferred commencing from the particular antenna
towards the multiple antennas. At the receiver side,
the multiple antennas add the received signals
together again using maximum-Ratio Combiner

(MRC).

3.1.2 Modeling of
transmitter:

In this case, multiple signals are transmitted via
multiple antennas also using IR-UWB with the
appropriate STC scheme, towards multiple antennas
which use MRC followed by Maximum Likelihood
(ML) detector since we only use real orthogonal
designs (ROD) for STC. This system operates only if
it anticipates CIR information. This information is
then sent to every user. Initially, the user sends an
impulse to base station. The base station’s Time-
Reversal Mirror (TRM) records as well as stores the
information which is received to be utilized to carry
out the process of transmitting the signals. Figure 3
shows the transmitter for this case.

TR-MIMO-UWB
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Figure (3): TR-MIMO-UWB transmitter for 4*¥4
case

Subsequently, the decoding process will use the
following companion of the real orthogonal design
(CROD) matrix [8]:
a; a ag ay
A —a;p —a, as
GO =0, a -a —a, ©
a, —a; a, —a
Where the G.(t) CROD is a matrix satisfying the
following equation:
lay, &y, ]G (Sy, Ss, .., Sk)
= [51152' "'Sk]Gc(alt Azee) am)' (7)

4. Performance Analysis

The performance of the considered technologies
will be discussed in this section and subsections.

The Bit Error Ratio is measured as the number of
bit errors occurred per unit of time. It is used to
describe the quality and the performance.

Signal to Noise Ratio is distinct as the ratio
between signal power and noise power. This is
uttered in decibels. If the ratio is higher than 1:1, this
designates that the signal power is higher than that of
noise.

Transmission Rate is the speed at which data is
transmitted between marginal devices defined in
bytes per second when the channel capacity is
calculated using base 2 logarithm, or in nats per
second if the natural logarithm is used.

Channel Capacity is a foremost used metric for
supreme amount of signal or traffic which has the
capability to move above a specific arrangement.

Outage Probability:
First, if the fading changes so quickly that a
transmitted codeword experiences many

independently fading blocks, the ergodic capacity is
defined as [8]:

C, = B.E{log(l + %)}, (8)

Where B is the channel bandwidth, E denotes the
conditional expectation, S and N are the transmitted
signal and receiver noise respectively. It gives a
characterization  for  the  transmission  rates
supportable by the channel.

Second, if the fading changes so slowly that a
transmitted codeword spans only a single fading
block (in other words, the fading is almost constant
in one codeword which is the case of CM4), the
outage capacity (or probability) is defined as:

Pout = Co(R), 9
Where R is the data rate. The so defined P,,; means
that if some codewords are transmitted across the
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channel with the rate R, it cannot be correctly
decoded with a probability of P,,;, then the channel
can only support the rate R with a probability of 1 —
P out-

The modeling is done using MATLAB and the
following table represents the main parameters’
values.

Table (1): Parameters of the used channel

Parameter Value
Length of CIRs 403
Sampling time of the system (Ts) 1x107°
Delay spread of channel (a7) 125 T
Pulse width (7p) 0.1225 ns
Number of transmit antennas (Nr) [124]
Number of receive antennas (Ng) [2 4]
Modulation PAM
Channel Model CM4
Cortrelation Model Fixed
Number of multi-paths
(rays in each cluslzer) [2750]

4.1 «“1*¥2» SIMO UWB without

transmission rate:
First, the outage probability versus the transmit
rate is plotted for three cases 2, 7 and 50 multi-paths.

TR

SIMO LWB(Without TR)
1 . ! ; , .

0s8r

08r

07r

a

0B+
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03r

02y

01r

R/B nats/sHz

Figure (4): Plot between Outage probability VS.
R/B for 1*¥2 SIMO-UWB without TR technology.

Figure 4 shows that with more paths in the channel,
more rate is gained, that is because of UWB ability of
employing the frequency diversity. For L =7 with
10% outage probability the achievable transmission
rate is about 3.7 nats/s/Hz, However, it becomes
around 6nats/s/Hz when L =50 for the same
outage probability.

42 «1*2» SIMO UWB with TR

transmission rate:
Now, the outage probability versus the
transmission rate is re-plotted for the SIMO case, but
with the use of TR technology.
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Figure (5): Plot between Outage probabilities vs.
R/B for 1*¥2 SIMO UWB with TR technology.

Figure 5 shows that the outage curve slope
remained the same as in the previous case, but with a
significant increase in achievable rate for the same
outage probability, i.e., without the use of TR and for
L = 7, the achievable rate is about 3.7 nats/s/Hz
for 10% outage probability. However, with the use of
TR, the achievable rate almost doubled and became
around 7.3 nats/s/HZ under the same conditions.

4.3 “4*4” MIMO UWB without TR

transmission rate:

MIMO’s theoretical principles indicate that the
transmission rate will increase with the greater
number of antennas. This is what we have achieved
with the use of MIMO in the UWB system as figure 6
shows.

MIMO UWE fwithout TR)
1 . , :

0s8r

08r

07 -

o

06+

05r

D4t

Cutage Probability P_ut

03r

02r

01r

. L . . L
15 20 28 30 3 40 48 a0
R/B nats/siHz

Figure (6): Plot between outage probabilities vs.
R/B for 4¥4 MIMO UWB (without TR).

MIMO deploys numerous antennas both in
transmitting as well as receiving ends by means of
developing the transmission rate. So, without utilizing
additional  transmit power, the quality of
communication is improved. For the case of L =7,
the achievable rate became about 18 nats/s/Hz
with 10% outage probability which represents 79%
improvement in transmission rate compating to
SIMO-UWB case.
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“4x4> MIMO UWB with TR

transmission rate:
The TR technology is used to avoid the spatial
correlation’s effects. The diversity is preserved by
using 4 transmit antennas.

4.4

WIWIO LWYE with TR
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Figure (7): Plot between outage probabilities vs.
R/B for 4*4 MIMO UWB (with TR).

The combining of TR with a MIMO-UWB
antenna framework is greatly developing the UWB
system  capacity. This combination  permits
enormously robust transmission rates which is used
to locate the target notes in the wireless networks
accurately. As it is shown in figure 7, with the use of
TR, the transmission rate is increased significantly for
the same discussed case the achievable rate became
34 nats/s/Hz which represents 49%
improvement comparing to the MIMO-UWB case
without TR.

about

4.5 Performance comparison:

After making sure that the use of MIMO with
UWB has increased the transmission rates and that
the use of TR technology has further improved this
high rate. To evaluate the benefit of integrating TR
technology in terms of reducing the effect of spatial
correlation between the transmitted signals, we will
compare the cases of using and not using TR
technology in terms of BER. Later, we will identify
cases in which the best performance of BER is
achieved for two different scenarios of spatial
correlation coefficient values (pr, > 0.5 and pr, <
0.5) which is related to completely different types of
applications.

4.5.1 BER performance without TR:

Figure 8 illustrates the average BER versus the
transmit  correlation coefficient, which varies
depending on the spacing between transmit antennas
and the number of multi-paths. Here the antennas’
spacing vary from 6 cm to 1 cm, and the case of 7
multi-paths was considered with SNR=10 dB.
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Figure (8): Plot between Averages BER VS.
transmitting correlation without TR.

Figure 8 shows the comparison of BER for 1*2
SIMO, 2*¥2 MIMO, and 4*4 MIMO with the color
variation without TR technology. It is noted that the
BER decreases with the increase of the transmit
correlation coefficient values. The reason for this
phenomenon is that, without using TR and while
using STC, the spatial diversity is fully exploited and
therefore, the increasing spatial correlation which
increases the amount of spatial multiplexed signals in
the channel, gives a greater opportunity to reduce the
BER. We can note that the BER is relatively high for
correlation coefficient values below 0.5 which
weakens the system performance, so this case is not
effective for channels with low spatial correlation.
Another finding from figure 8 is that the
performance of MIMO outweighs SIMO due to the
increased transmit diversity which is proportional to
the number of transmit antennas. It is clear that with
the increasing number of antennas in both transmit
and receive sides, system performance improves.

2%2 MIMO Without TR

Corr=01
Corr=02
Corr =06

Average BER

L
1} 2 4 5 8 10 12 14 16 18 20
SMR

Figure (9): Plot between Average BER VS. SNR
without TR

Again, from Figure 9 we notice that the
performance under high correlation scenario
outperform low correlation scenario for all the SNR
range.

4.5.2 BER performance with TR:

Here the test was performed under the same
previous conditions, but with the use of TR, Figure
10 shows these results:

/Lgﬁ)

—&— 172 SIMO
272 MIMO
—8— 47 MIMO

BER WITH TR

Average BER
=

I
1} 01 02 03 04 05 0B 07 08 08 1

10" T L L L

Pl

Figure (10): Plot between Average BER VS.
transmitting correlation with TR.

Figure 10 shows the comparison of BER for 1*2
SIMO, 2*2 MIMO, and 4*4 MIMO using TR
technology. In this case, we observe counter
phenomenon to the one noticed in the previous case
(here the greatest BER performance improvement is
for low correlation scenarios while a performance
drawback appears at high correlation scenarios),
therefore, the decision of using TR or not, depends
on the application’s conditions, if the channel works
under low correlation values (pr, < 0.5) then the
use of TR is recommended, whereas if the channel
works under high correlation values (pr, > 0.5),
then using STC itself can prevent any system
drawback. Another important thing to note from
figure 10 is that although using TR within SIMO
enables the ability of transmitting multiple data
streams equal to the number of receive antennas (=
Ng) via the single transmission antenna each time
slot, its transmit diversity remains slight compared to
MIMO case, so the trade-off between exploiting
diversity and minimizing the effects of spatial
correlation by using single transmit antenna is clear,
and this trade-off result goes in favor of transmit
diversity (using MIMO instead of SIMO) because
TR-SIMO has performed worse than TR-MIMO on
the whole range of correlation coefficient values.
Table 2 represents the BER reduction percentage
when we use TR-MIMO-UWB comparing to
MIMO-UWB, we chose 2*2 MIMO case for
comparison as an intermediate case among the
studied cases.

Table 2: BER reduction percentage

BER Reduction
Corr. | 2*¥2 MIMO- 2*¥2 TR
UWB MIMO-UWB | Pereentase
0.1 125x 10™* | 10.85x 10™* 91.32%
0.2 50 x 10~* 6x107* 88%
No
0.6 8 x 107 9.8 x 107* reduction
achieved
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Figure 11: Plot between Average BER VS. SNR with
TR.

From figure 11 we observe again that in contrast
to the non-use of TR case, the performance under
low correlation scenario outperform high correlation
scenario for all the SNR range.

5. Conclusions

Typically, UWB system performs more efficiently
in both cost and quality when it is incorporated with
TR technology. This paper mainly focused on
analyzing the UWB achievable transmission rates and
BER measurement when integrating SIMO and
MIMO technologies with and without the use of TR.
The outcomes have shown that the application of TR
vastly increases the UWB transmission rate and
significantly reduces the BER wvalues for spatial
correlation coefficient values below 0.5, meanwhile
STC itself can provide a good BER performance for
spatial correlation coefficient values higher than 0.5.
This work will be a base for further reseatch works
on the UWB system and its enormous applications
such as Ultra Low Power Data Communications, Wi-
media technology, Home Networking,
Electronics, and Wireless Body Area Networks.

Home
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