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Abstract
Impulse radio ultra wideband (IR-UWB) communication is becoming an

important technology for future Wireless Personal Area Networks (WPANs). A
critical challenge in IR-UWB system design is the multi-user interference (MUI). A
RAKE receiver is proposed to mitigate the MUI that occurs in some ad-hoc
networks like WPAN for IR-UWB system where concurrent transmissions are
allowed without power control. The proposed RAKE receiver is shown to
contribute to a mitigation of the multiple access interference (MAI) especially at
medium input bit energy-to-noise ratio (Ey/N,) values and small number of RAKE
taps (fingers). This receiver is based on chip decision after the maximum ratio
combining and then the final decision based on the number of pulses per symbols.
In such scenarios, the conventional RAKE receiver is completely fails to get the
expected BER, and does not always perform well. On the other hand, the proposed
RAKE receiver has similar complexity as the conventional RAKE. The binary
phase shift keying (BPSK) modulation scheme is used in this paper. The
performance of the proposed RAKE is evaluated with the Non Line of Sight
(NLOS) indoor channel model proposed by the IEEE 802.15.3a (COM3) for
WPAN with distances (4-10) m.
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1. Introduction
In the

years, IR-UWB
communication has received considerable
attention in  both academia and industry.
Compared to traditional narrow band systems,
UWB can provide high data rate (> 100 Mb/s)
with very low-power emission (less than —41
dBm/MH?z) in a short range. These features make
UWB  particularly  suitable for WPAN
applications. Currently, IEEE 802.15.3a working
group is studying the use of IR-UWB as an
alternative physical layer technique [1].

The ultimate benefits that UWB could
bring to ad hoc networking from increase network
data rate mitigate MUI, and increased capacity

[2].

past few

The concept of ad hoc networking
gathered in the last few years an increasing
interest, as it opens the way to new network
scenarios and applications that were precluded to
traditional, infrastructure-based, wireless
networks [3].

In general, there are many benefits to
operating over a very wide bandwidth, one of
which is the ability to resolve individual
multipath components at the receiver. This
property of the signal also significantly reduces
fading which typically results from the
destructive overlap of multipath reflections
arriving at the receiver, since the short impulse
nature of the UWB waveform prevents a
significant overlap of the signals. However,
combining many too paths using a RAKE
receiver significantly increases the complexity of
the implementation, and thus makes the
quantitative performance vs. complexity tradeoff
studies necessary for choosing an appropriate
receiver architecture. This work focuses on the
performance of possible receiver architectures for
detecting UWB impulses that includes the effects
of multipath propagation, additive white Gaussian

noise (AWGN) and with no inter-symbol
interference (ISI) — an assumption in this study -
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A conventional receiver suitable for UWB
modulation over a mutipath and AWGN channels
is considered, which uses a bank of correlators
followed by a RAKE combiner (maximum ratio
combiner (MCR)), as shown in the next section.
In order to capture the energy in the multipath
components, multiple RAKE arms are needed
which independently track different reflections of
the channel [4,5].

Many literatures studied and focused on
the MUI cancellation or mitigation using
conventional RAKE receiver with all its types. In
[6], the authors provide an analytical framework
for determining the performance of RAKE
receivers with MRC for UWB systems employing
binary block-coded modulation with PPM or
OOK. The analysis can be easily modified to
accommodate antipodal signaling, as well as a
tapped-delay-line channel model. In [7], the
authors proposed a successive interference
cancellation schemes, the proposed receiver does
not require active decoding of each interferer.
Thus there is no need to synchronize the receiver
with all the interfering users, which would be
impractical in an IR-UWB system that is likely to
be run in ad hoc mode. To model MUI they
considered a hidden Markov model (HMM) and a
Gaussian mixture model (GMM). We find that
the HMM models interference better than the
GMM. The proposed model being more of
theoretical nature, there are several aspects that
have been omitted on purpose. First of all they
did not do a complexity analysis for the choice of
the interference model.

In the best of our knowledge, this is the
first attempt to mitigate the MUI in within a
certain level by using a chip decision based
technique after the MCR without using channel
coding. This can be done by modifying the
structure of the conventional RAKE receiver.

2. The Rake Receiver
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The basic version of the conventional
Rake receiver - see figure (1) - consists of
multiple correlators (fingers) where each of the
fingers can detect/extract the signal from one of
the multipath components provided by the
channel. The outputs of the fingers are
appropriately weighted and combined to reap the
benefits of multipath diversity [8]. All-rake
(ARake), selective-rake (SRake), or partial-rake
(PRake) receivers are all feasible approaches to
collect all, strongest, or first arriving resolvable
multipath components, respectively. Optimal
combining of the multipath components in white
noise is achieved by maximal ratio combining
(MRC), where the finger weights are designed
based on the channel tap weights to maximize the
output SNR [9].

In realistic UWB multipath fading
channels, the number of powerful multipath
components is much more than 4 and less than
50. This implies a moderate to high
implementation complexity for a perfect RAKE
or an all-RAKE (ARAKE) receiver. Therefore, in
practice non-perfect RAKE receivers are
considered. Non-perfect RAKE receivers do not
receive all multipath components and the number
of fingers is less than the number of arrived
components. Two main non-perfect RAKE
receiver structures proposed for UWB systems
are the selective-RAKE (SRAKE) receiver and
partia-lRAKE (PRAKE) receiver. The PRAKE
receiver does not need to detect the multipath
components with the largest gain resulting in a
lower implementation complexity. It has been
shown that the performance of the PRAKE
receiver approximates the performance of the
SRAKE receiver with the same number of fingers
for Ny >4 [10].

On other side, in a dense channel model,
it is sufficient to always choose the first arriving
multipath components, as those are usually the
strongest using PRAKE receiver. In a sparse
model, the SRAKE receiver must be chosen
which searches for the strongest multipath
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components and then places the Rake fingers at
those delays. A low-cost partial Rake would thus
be the method of choice in a dense channel, but
not in a sparse one [11].

Therefore, PRAKE receiver is assumed to
be used in this work. Also, PRAKE receiver
employs N IR-UWB correlators that are located
in successive bins each with duration | ns.

3. Interference in UWB: The MUI

In addition to the radio channel, the
interference in UWB systems affects the receiver
performance and the receiver choice significantly.
Interference can be due to wvarious sources
including MUI, narrow band interference (NBI),
inter-symbol interference (ISI), and inter-frame
interference (IFI). Note that, compared with the
AWGN, these interferences are colored and the
receivers can take advantage of the correlation for
improving the receiver design. Coherent detection
allows cancellation of several sources of
interference. However, many interference
cancellation routines require additional a priori
information about interference statistics, like
operation frequency, power, time/frequency/space
correlation, and code of the interfering signal [9].
In this paper, we focus on MUI and ignore other

types.

The coexistence of a large number of
UWB transmitters in a dense environment is very
important. The transmitted signals of each user
share the same spectrum, and simultaneous
transmissions by multiple users are popularly
achieved by TH or DS spreading codes. Ideally, it
is desired to have orthogonal codes for each user.
However, in practice the received signal from
different users is not orthogonal because of
multipath, asynchronous transmission. Also,
designing perfect codes with zero auto- and cross-
correlation properties for all shifts is not possible.
As a result, MAI in UWB communication
systems is a major problem. The effectiveness of
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interference cancellation receivers relies on the
ability to separate the desired signal from the
interferer(s) [9].

Multi-user interference introduces a
major limitation in IR-UWB ad-hoc WPANs
especially when the concurrent transmissions are
employed in this study without power control.
This effect was included in the analysis in the
next section. The MUI model that is used in this
study is shown in figure (2). As it is notice, many
nodes (users) are transmitting concurrently and
only single receiver was employed for the user of
concern.

4. Signal Model

We consider a synchronous, binary phase
shift keyed IR-UWB system with K users, in
which the transmitted signal from user & is
represented by [12]:

SO0 =JE S5 pot- T, T ... (1)

p—

where pi(7) is the transmitted UWB pulse having
a shaping factor value that determine its width, £/
is the bit energy of user , 7y is the “frame” time,
N; is the number of pulses representing one
information symbol, and 5% = {+1~1} is the
binary information symbol transmitted by user .
In order to allow the channel to be shared by
many users and avoid catastrophic collisions, a

TH sequence {c" }, where c{’ e {1,2,...N_},

is assigned to each user. This TH sequence
provides an additional time shift of ¢® 7.
seconds to thej"’ pulse of the & user where T.is
the chip interval and is chosen to satisfy 7, < 7}
/N:. in order to prevent the pulses from
overlapping. We assume that 7, = N.7. without
loss of generality.

Consider the discrete presentation of the
channel, a® =[a,*) - - - 0, ] for user k, where L
is assumed to be the number of multipath
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components for each user, and 7. is the multipath
resolution. Then, the received signal can be
expressed as:

SN = i‘fE_;z':h;"Zia,’“p_(r 4T, =T~ (1 - r}:ﬁ)+ a,n(f)

N

where p,.(1) is the received unit-energy UWB
pulse, which is usually modeled as the derivative
of pu(?) due to the effects of the receive antenna,
and n(r) is zero mean white Gaussian noise with
unit spectral density.

The template signal for the /™ path of the
incoming signal can be expressed as:

frehax -1

Se. 0= p. ((~iT=cT. - (- 118 | (3)

-

For the " information symbol, we
consider user 1 as the desired user, without loss of
generality. In other words, by using a correlator
for each multipath component that we want to
combine, we can have symbol-rate sampling at
each branch, as shown in Figure 2.

Let L = {/,, ..., Iy} denote the set of
multipath components that the receiver collects
(Figure 2). At each branch, the signal is correlated
with the template signal in (3) corresponding to
the multipath component at that branch and
sampled once for each symbol. Then, the discrete
signal for the /* path can be expressed, for the "
information symbol, as:

.. ;
r=s5A4A+n,

forl =1,.... Iy, where 4= d:‘ag{JE, JEI , and
n, = N(0,0}). 8 isa K x1 vector, which can be can

be expressed as a sum of the desired signal part
(SP) and MAI terms:
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where the k" elements can be expressed as :

[S:yjl e a for k=l
0 Jor k=i K

0 Jor k=1

[S:xun]. .

|Yee for k=2.0k

With 7’ being the indicator function that is equal

to 1 if the m" path of user k collides with the /"
path of user 1, and 0 otherwise.

5. The Proposed Receiver

In conventional Rake detection methods,
each correlator correlates the received signal with
a template, then summing the outputs in MRC
scheme. The summed signal is collected and
summed again for Ns pulses, after that a single
decision device decides the estimated bit
illustrated in the simplified diagram shown in
figure (3).

This method has a severe drawback when
MUI is present. If one of the pulses at the output
of MRC is corrupted with a pulse of a near or far
- by interferer, this interfering pulse can affect the
correlation result significantly. In other word, one
or more strong interfere may be highly dominants
a single pulse negatively (negative interferer
pulse (NIP)), results in a wrong decision despite
the remaining pulse's results. This occurs
especially in the case of antipodal modulation
such as BPSK.

On the other hand, the interfering pulse
may enhance the correlation result positively
(positive interferer pulse (PIP)) , especially when
highly AWGN corrupted the desired pulse, then
the interfering pulse(s) enhancing the energy of
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the intended pulse of interest results in true
decision.

In order to solve this problem, first
threshold detection devices are placed before the
MRC. This would decide whether a chip pulse
(Zewip) is detected true or wrong. The decisions in
these cases take the values {-1 , +1}. N; summing
unit, sums these decisions. The result again
enforces a final decision unit which decides the
estimated symbol Z;, . The proposed RAKE
receiver is shown in figure (4).

6. System Assumptions

9

The following assumptions were made in
the system analysis and simulation:
« The nodes are randomly distributed within a
rectangular area of (10 x 10) m.
» All nodes are homogeneous.
« Concurrent transmissions, all nodes transmit
with P, and no power control.
« No ISI, IFI and IPL.
» There is only one transmitter - receiver pair.
+ Only one very wide channel is available for all
communication.
« Simple model for path loss.

7. Simulation Results

To simulate the system, we implemented
it in various types of network topologies. The data
that are used in the simulation is given table (1):

1. Topology/1: The interferers and the
sender form a circle around the intended receiver
which is in the center. The distance between
senders and the receiver is (4 — 10). We studied
two different scenarios that correspond to two
different numbers of interferers; 3 and 8. For each
scenario, we ran 500 channel realizations with
500 different THS to get the optimal
performance. See figure (5).
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As shown in figure (6), the BD-RAKE is
completely fail in detecting symbols, whereas
CD-RAKE is outperformed BD-RAKE even in
the case of N, = 8.

2 Topology/2: The interferers form a circle
around the intended receiver which is in the
center but the sender is near the receiver. Also,
We studied six different scenarios that correspond
to six different numbers of interferers; 2, 3, 4,
....... 10. For each scenario, we ran 500 channel
realizations with 500 different THS to get the
optimal performance. See figure (5).

The distance of the user of interest is set to 5 m.
The distances of interferers are set 10 m. As
shown in figure (8), the CD-RAKE is
outperformed BD-RAKE for all values of N,
except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy.

3. Topology/3: The interferers form a circle
around the intended receiver which is in the
center but the sender is far the receiver. Also, We
studied six different scenarios that correspond to
six different numbers of interferers; 2, 3, 4, .......
10. For each scenario, we ran 500 channel
realizations with 500 different THS to get the
optimal performance. See figure (9).

The distance of the user of interest is set to 10 m.
The distances of interferers are set 5 m. As shown
in figure (10), the CD-RAKE is also
outperformed BD-RAKE for all values of N,
except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy. The difference between
this result and the previous result is that a worse
BER values appear due to the larger distance of
the user of interest.

4,
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Topology/4: Random scenario in which the
sender and the interferers are randomly
distributed around the intended receiver and the
sender is near from the intended receiver but at
least one of the interferers is very near to the
intended receiver. See figure (11).

In this random topology, the distance of the user
of interest is set to 5 m. The distances of
interferers are randomly distributed between (4 —
10) m. As shown in figure (12), the CD-RAKE is
outperformed BD-RAKE for all values of N,
except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy.

Topology/5: Random scenario in which the
sender and the interferers are randomly
distributed around the intended receiver and the
sender is far from the intended receiver but at
least one of the interferers is very near to the
intended receiver. See figure (13).

In the last random topology, the distance
of the user of interest is set to 10 m. The distances
of interferers are randomly distributed between (4
— 10) m. As shown in figure (14), the CD-RAKE
is also outperformed BD-RAKE for all values of
N, except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy. The difference between
this result and the result of topology/4 is that a
worse BER values appear due to the larger
distance of the user of interest.

8. Conclusion

In this paper, an MUI mitigation scheme
is proposed based on a modified version of
RAKE receiver. This proposed receiver is based
on chip decision level after the MRC not on bit
decision scheme as the one in the conventional
RAKE receiver. The performance of the proposed
receiver is tested on various types of WPAN
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topologies. The obtained results indicate that the
proposed receiver is outperforming the
conventional RAKE. A BER improvement is
obtained which states that an MUI is mitigated in
a certain level.
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Table (1): Simulation Parameters

Parameter Value
Sampling frequency 50 GHz
Pulse duration Ins
Shaping factor for the pulse 0.25ns
Number of bits generated by the 1000
source
Time resolution 1 ns
Number of pulses per bit 5
Number of PRAKE finger 5
Signal-to-noise ratio E¢/N, 30 dB
Interferers powers -20 dB
Transmitled power (Py.) variable
User | distance variable
Interferers dist variable
WPAN dimension 4-10 m
. 5 Various
L} T 2
WPAN topologies topologies

Figure (4): The proposed Rake receiver
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Figure (13): Topology /5

Figure (14) : BER v.s. N, for topolagy/5, EyN, =
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Abstract
Impulse radio ultra wideband (IR-UWB) communication is becoming an

important technology for future Wireless Personal Area Networks (WPANs). A
critical challenge in IR-UWB system design is the multi-user interference (MUI). A
RAKE receiver is proposed to mitigate the MUI that occurs in some ad-hoc
networks like WPAN for IR-UWB system where concurrent transmissions are
allowed without power control. The proposed RAKE receiver is shown to
contribute to a mitigation of the multiple access interference (MAI) especially at
medium input bit energy-to-noise ratio (Ey/N,) values and small number of RAKE
taps (fingers). This receiver is based on chip decision after the maximum ratio
combining and then the final decision based on the number of pulses per symbols.
In such scenarios, the conventional RAKE receiver is completely fails to get the
expected BER, and does not always perform well. On the other hand, the proposed
RAKE receiver has similar complexity as the conventional RAKE. The binary
phase shift keying (BPSK) modulation scheme is used in this paper. The
performance of the proposed RAKE is evaluated with the Non Line of Sight
(NLOS) indoor channel model proposed by the IEEE 802.15.3a (COM3) for
WPAN with distances (4-10) m.

Key words: IR-UWB, WPANS, ad hoc, MUI, and RAKE.
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1. Introduction

In the past few years, IR-UWB
communication  has received considerable
attention in  both academia and industry.
Compared to traditional narrow band systems,
UWB can provide high data rate (> 100 Mb/s)
with very low-power emission (less than —41
dBm/MHz) in a short range. These features make
UWB  particularly ~ suitable for WPAN
applications. Currently, IEEE 802.15.3a working
group is studying the use of IR-UWB as an
alternative physical layer technique [1].

The ultimate benefits that UWB could
bring to ad hoc networking from increase network
data rate mitigate MUI, and increased capacity

2]

The concept of ad hoc networking
gathered in the last few years an increasing
interest, as it opens the way to new network
scenarios and applications that were precluded to
traditional, infrastructure-based, wireless
networks [3].

In general, there are many benefits to
operating over a very wide bandwidth, one of
which is the ability to resolve individual
multipath  components at the receiver. This
property of the signal also significantly reduces
fading which typically results from the
destructive overlap of multipath reflections
arriving at the receiver, since the short impulse
nature of the UWB waveform prevents a
significant overlap of the signals. However,
combining many too paths using a RAKE
receiver significantly increases the complexity of
the implementation, and thus makes the
quantitative performance vs. complexity tradeoff
studies necessary for choosing an appropriate
receiver architecture. This work focuses on the
performance of possible receiver architectures for
detecting UWB impulses that includes the effects
of multipath propagation, additive white Gaussian

noise (AWGN) and with no inter-symbol
interference (ISI) — an assumption in this study -
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A conventional receiver suitable for UWB
modulation over a mutipath and AWGN channels
is considered, which uses a bank of correlators
followed by a RAKE combiner (maximum ratio
combiner (MCR)), as shown in the next section.
In order to capture the energy in the multipath
components, multiple RAKE arms are needed
which independently track different reflections of
the channel [4,5].

Many literatures studied and focused on
the MUI cancellation or mitigation using
conventional RAKE receiver with all its types. In
[6], the authors provide an analytical framework
for determining the performance of RAKE
receivers with MRC for UWB systems employing
binary block-coded modulation with PPM or
OOK. The analysis can be easily modified to
accommodate antipodal signaling, as well as a
tapped-delay-line channel model. In [7], the
authors proposed a successive interference
cancellation schemes, the proposed receiver does
not require active decoding of each interferer.
Thus there is no need to synchronize the receiver
with all the interfering users, which would be
impractical in an IR-UWB system that is likely to
be run in ad hoc mode. To model MUI they
considered a hidden Markov model (HMM) and a
Gaussian mixture model (GMM). We find that
the HMM models interference better than the
GMM. The proposed model being more of
theoretical nature, there are several aspects that
have been omitted on purpose. First of all they
did not do a complexity analysis for the choice of
the interference model.

In the best of our knowledge, this is the
first attempt to mitigate the MUI in within a
certain level by using a chip decision based
technique after the MCR without using channel
coding. This can be done by modifying the
structure of the conventional RAKE receiver.

2. The Rake Receiver

136





1JCCCE, VOL.8, NO.1, 2008

The basic version of the conventional
Rake receiver - see figure (1) - consists of
multiple correlators (fingers) where each of the
fingers can detect/extract the signal from one of
the multipath components provided by the
channel. The outputs of the fingers are
appropriately weighted and combined to reap the
benefits of multipath diversity [8]. All-rake
(ARake), selective-rake (SRake), or partial-rake
(PRake) receivers are all feasible approaches to
collect all, strongest, or first arriving resolvable
multipath components, respectively. Optimal
combining of the multipath components in white
noise is achieved by maximal ratio combining
(MRC), where the finger weights are designed
based on the channel tap weights to maximize the
output SNR [9].

In realistic UWB multipath fading
channels, the number of powerful multipath
components is much more than 4 and less than
50. This implies a moderate to high
implementation complexity for a perfect RAKE
or an all-RAKE (ARAKE) receiver. Therefore, in
practice non-perfect RAKE receivers are
considered. Non-perfect RAKE receivers do not
receive all multipath components and the number
of fingers is less than the number of arrived
components. Two main non-perfect RAKE
receiver structures proposed for UWB systems
are the selective-RAKE (SRAKE) receiver and
partial-RAKE (PRAKE) receiver. The PRAKE
receiver does not need to detect the multipath
components with the largest gain resulting in a
lower implementation complexity. It has been
shown that the performance of the PRAKE
receiver approximates the performance of the
SRAKE receiver with the same number of fingers
for Ny >4 [10].

On other side, in a dense channel model,
it is sufficient to always choose the first arriving
multipath components, as those are usually the
strongest using PRAKE receiver. In a sparse
model, the SRAKE receiver must be chosen
which searches for the strongest multipath

Interference Mitigation for IR-UWB Ad-hoc
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components and then places the Rake fingers at
those delays. A low-cost partial Rake would thus
be the method of choice in a dense channel, but
not in a sparse one [11].

Therefore, PRAKE receiver is assumed to
be used in this work. Also, PRAKE receiver
employs Ny IR-UWB correlators that are located
in successive bins each with duration I ns.

3. Interference in UWB: The MUI

In addition to the radio channel, the
interference in UWB systems affects the receiver
performance and the receiver choice significantly.
Interference can be due to various sources
including MUI, narrow band interference (NBI),
inter-symbol interference (ISI), and inter-frame
interference (IFI). Note that, compared with the
AWGN, these interferences are colored and the
receivers can take advantage of the correlation for
improving the receiver design. Coherent detection
allows cancellation of several sources of
interference. However, many interference
cancellation routines require additional a priori
information about interference statistics, like
operation frequency, power, time/frequency/space
correlation, and code of the interfering signal [9].
In this paper, we focus on MUI and ignore other

types.

The coexistence of a large number of
UWB transmitters in a dense environment is very
important. The transmitted signals of each user
share the same spectrum, and simultaneous
transmissions by multiple users are popularly
achieved by TH or DS spreading codes. Ideally, it
is desired to have orthogonal codes for each user.
However, in practice the received signal from
different users is not orthogonal because of
multipath, asynchronous transmission. Also,
designing perfect codes with zero auto- and cross-
correlation properties for all shifts is not possible.
As a result, MAI in UWB communication
systems is a major problem. The effectiveness of
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interference cancellation receivers relies on the
ability to separate the desired signal from the
interferer(s) [9].

Multi-user interference introduces a
major limitation in IR-UWB ad-hoc WPANs
especially when the concurrent transmissions are
employed in this study without power control.
This effect was included in the analysis in the
next section. The MUI model that is used in this
study is shown in figure (2). As it is notice, many
nodes (users) are transmitting concurrently and
only single receiver was employed for the user of
concern.

4. Signal Model

We consider a synchronous, binary phase
shift keyed IR-UWB system with K users, in
which the transmitted signal from user & is
represented by [12]:

SPO=E 35 p =T, 1) (1)

where p(1) is the transmitted UWB pulse having
a shaping factor value that determine its width, E/A
is the bit energy of user £, Tyis the “frame” time,
N; is the number of pulses representing one
information symbol, and bf"’ = {+1,-1} is the
binary information symbol transmitted by user k.
In order to allow the channel to be shared by
many users and avoid catastrophic collisions, a

TH sequence {¢” }, where ¢{*’ & {.2,... N},

is assigned to each user. This TH sequence
provides an additional time shift of ¢ T,
seconds to the j” pulse of the K" user where T, is
the chip interval and is chosen to satisfy 7, < Ty
/Ne in order to prevent the pulses from
overlapping. We assume that 7y = N.7. without
loss of generality.

Consider the discrete presentation of the
channel, @ =[¢,® - - - 2, ] for user k, where L
is assumed to be the number of multipath
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components for each user, and 7, is the multipath
resolution. Then, the received signal can be
expressed as:

(=0T )+ a.n(1)

...... )

where p.() is the received unit-energy UWB
pulse, which is usually modeled as the derivative
of pi() due to the effects of the receive antenna,
and n(7) is zero mean white Gaussian noise with
unit spectral density.

The template signal for the /" path of the
incoming signal can be expressed as:

S8, 0= 2 p(~iT, =", ~4-1T) ... 3)

For the " information symbol, we
consider user 1 as the desired user, without loss of
generality. In other words, by using a correlator
for each multipath component that we want to
combine, we can have symbol-rate sampling at
each branch, as shown in Figure 2.

Let L = {/}, ..., Iy} denote the set of
multipath components that the receiver collects
(Figure 2). At each branch, the signal is correlated
with the template signal in (3) corresponding to
the multipath component at that branch and
sampled once for each symbol. Then, the discrete
signal for the /" path can be expressed, for the /"
information symbol, as:

n=siA+n

forl=1, ,hv, where 4= d:ag{\/E‘.‘.m\/Ei ,and
n = N(0,07). 5 isa K x1 vector, which can be can

be expressed as a sum of the desired signal part
(SP) and MAI terms:

5, =i s
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where the k" elements can be expressed as :

[S,”"]. :{a,'“ Jor k=1
0 for k=2.

With 7 being the indicator function that is equal

to 1 if the m" path of user k collides with the /"
path of user 1, and 0 otherwise.

5. The Proposed Receiver
In conventional Rake detection methods,

each correlator correlates the received signal with
a template, then summing the outputs in MRC
scheme. The summed signal is collected and
summed again for Ns pulses, after that a single
decision device decides the estimated bit
illustrated in the simplified diagram shown in
figure (3).

This method has a severe drawback when
MUI is present. If one of the pulses at the output
of MRC is corrupted with a pulse of a near or far
- by interferer, this interfering pulse can affect the
correlation result significantly. In other word, one
or more strong interfere may be highly dominants
a single pulse negatively (negative interferer
pulse (NIP)), results in a wrong decision despite
the remaining pulse's results. This occurs
especially in the case of antipodal modulation
such as BPSK.

On the other hand, the interfering pulse
may enhance the correlation result positively
(positive interferer pulse (PIP)) , especially when
highly AWGN corrupted the desired pulse, then
the interfering pulse(s) enhancing the energy of

Interference Mitigation for IR-UWB Ad-hoc
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the intended pulse of interest results in true
decision.

In order to solve this problem, first
threshold detection devices are placed before the
MRC. This would decide whether a chip pulse
(Zewp) is detected true or wrong. The decisions in
these cases take the values {-1 , +1}. N; summing
unit, sums these decisions. The result again
enforces a final decision unit which decides the
estimated symbol Z, . The proposed RAKE
receiver is shown in figure (4).

6. System Assumptions
The following assumptions were made in

the system analysis and simulation:

« The nodes are randomly distributed within a

rectangular area of (10 x 10) m.

« All nodes are homogeneous.

«+ Concurrent transmissions, all nodes transmit
with P4, and no power control.

« No ISI, IFI and IP1.

« There is only one transmitter - receiver pair.

« Only one very wide channel is available for all

communication.

« Simple model for path loss.

7. Simulation Results

To simulate the system, we implemented
it in various types of network topologies. The data
that are used in the simulation is given table (1):

1. Topology/1: The interferers and the
sender form a circle around the intended receiver
which is in the center. The distance between
senders and the receiver is (4 — 10). We studied
two different scenarios that correspond to two
different numbers of interferers; 3 and 8. For each
scenario, we ran 500 channel realizations with
500 different THS to get the optimal
performance. See figure (5).
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As shown in figure (6), the BD-RAKE is4.
completely fail in detecting symbols, whereas
CD-RAKE is outperformed BD-RAKE even in
the case of N, = 8.

2; Topology/2: The interferers form a circle
around the intended receiver which is in the
center but the sender is near the receiver. Also,
We studied six different scenarios that correspond
to six different numbers of interferers; 223
....... 10. For each scenario, we ran 500 channel
realizations with 500 different THS to get the
optimal performance. See figure (5).

The distance of the user of interest is set to 5 m.
The distances of interferers are set 10 m. As
shown in figure (8), the CD-RAKE isS5.
outperformed BD-RAKE for all values of N,
except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy.

3. Topology/3: The interferers form a circle
around the intended receiver which is in the
center but the sender is far the receiver. Also, We
studied six different scenarios that correspond to
six different numbers of interferers; 2, 3, 4, .......
10. For each scenario, we ran 500 channel
realizations with 500 different THS to get the
optimal performance. See figure (9).

The distance of the user of interest is set to 10 m.
The distances of interferers are set 5 m. As shown
in figure (10), the CD-RAKE is also
outperformed BD-RAKE for all values of N,
except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy. The difference between
this result and the previous result is that a worse
BER values appear due to the larger distance of
the user of interest.
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Topology/4: Random scenario in which the
sender and the interferers are randomly
distributed around the intended receiver and the
sender is near from the intended receiver but at
least one of the interferers is very near to the
intended receiver. See figure (11).

In this random topology, the distance of the user
of interest is set to 5 m. The distances of
interferers are randomly distributed between (4 —
10) m. As shown in figure (12), the CD-RAKE is
outperformed BD-RAKE for all values of N,
except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy.

Topology/5: Random scenario in which the
sender and the interferers are randomly
distributed around the intended receiver and the
sender is far from the intended receiver but at
least one of the interferers is very near to the
intended receiver. See figure (13).

In the last random topology, the distance
of the user of interest is set to 10 m. The distances
of interferers are randomly distributed between (4
— 10) m. As shown in figure (14), the CD-RAKE
is also outperformed BD-RAKE for all values of
N, except for N, = 1. The reason for that is the
absence of any interfering users, so, the BD-
RAKE is perform better than CD-RAKE in
collecting pulses energy. The difference between
this result and the result of topology/4 is that a
worse BER values appear due to the larger
distance of the user of interest.

8. Conclusion

In this paper, an MUI mitigation scheme
is proposed based on a modified version of
RAKE receiver. This proposed receiver is based
on chip decision level after the MRC not on bit
decision scheme as the one in the conventional
RAKE receiver. The performance of the proposed
receiver is tested on various types of WPAN
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topologies. The obtained results indicate that the
proposed receiver is  outperforming the
conventional RAKE. A BER improvement is
obtained which states that an MUI is mitigated in
a certain level.

References

1. K. Lu, D. Wu, Y. Fang, and R. Qiu,
"Performance Analysis of a Burst-Frame-
Based MAC Protocol for Ultra-Wideband Ad
Hoc  Networks" IEEE  International
Conference on Communications (ICC 2005),
Seoul, Korea, May 16 - 20, 2005.

. Rashid Saeed and Sabira Khatun; "Ultra Wide
Band (UWB) Ad-lhoc Networks: Review and
Trends"; Journal of Computer Science; 2005.

3. L.De Nardis; "Performance Analysis of
Uncoordinated Medium Access Control in
Low Data Rate UWB Networks"; 1%
IEEE/Create Net International Workshop on
"Ultra wideband Wireless Networking", pp.
206 — 212, October 2005.

4. Jeff Foerster and Minnie Ho, "Performance
Comparisons between a RAKE Receiver and
a Differential Detector for an Ultra-wideband
Communications  System'; Available at
www.rficdesign.com/links/ultra_wide_ban
d.htmon

5. A.G. Klein, D.R. Brown, D.L. Goeckel, and
C.R. Johnson, Jr., "Rake Reception for UWB
Communication Systems with Inter-symbol
Interference”, in the Proceedings of the 4th
IEEE Signal Processing Advances in Wireless
Communications, June 15-18, Italy, 2003.

6. J. D. Choi and W. E. Stark, "Performance
Analysis of Rake Receivers for Ultra-
Wideband Communications with PPM and
OOK in Multipath Channels", in Proc. 2002
ICC, pp. 1969- 1973, 2002.

7. Manuel Flury and Jean-Yves Le Boudec;
"Interference Mitigation by Statistical
Interference Modeling in an Impulse Radio
UWB  Receiver"; 1EEE  International

S

141

10

Interference Mitigation for IR-UWB Ad-hoc
PAN Based on Chip Decision RAKE Receiver

Conference on Ultra-Wideband (ICUWB
2006), 2006.

. Cassioli D.,, Win M. Z., Vatalaro F., and

Molisch ~ A., "Performance of Low-
Complexity Rake Reception in a Realistic
UWB Channel", Proc. ICC, Pages (763-767),
2002.

. Huseyin Arslan, Zhi Ning Chen, and Maria-

Gabriella, "Ultra  Wideband  Wireless
Communication", John Wiley & Sons, Inc.,
2006.

. Mohammad Abtahi, and Amir R. Forouzan,

"Performance Evaluation of PPM TH-
UWB Systems in Indoor Multipath Fading
Channels", International Symposium on
Telecommunications, Iran, 2005.

. Andreas F. Molisch and Jeffrey R. Foerster;

"Channel Models for Ultra-wideband
Personal Area Networks"; 1EEE Wireless
Communications; December 2003.

. Sinan Gezici, Mung Chiang, H. Vincent

Poor, and Hisashi Kobayashi, "Optimal and
Suboptimal Finger Selection Algorithms for
MMSE Rake Receivers in Impulse Radio
Ultra-Wideband  Systems”, EURASIP
Journal on wireless Communications and
Networking, Volume 2006.




1JCCCE, VOLS8, NO.1, 2008 Interference Mitigation for IR-UWB Ad-hoc

M —

PAN Based on Chip Decision RAKE Receiver

1
I | 1
1 I |
1 ! 1 e
1 I '
I 1 I I [E
1 | | 2z v alza A
[ ! e K: 2 St 20
| (B Oession
: ! 1 | : ey
| i
i T e
I I T 1
: == cadag - == Iy 1
I
I FGHOPFQ I{ MRC l

Figure (1): The Conventional Rake receiver

P
e e |'I‘“|”r"'l‘|’ S8
[n 7
; g
~ To l" [, llllllﬁl. i Receiver | 2
I

¢

Figure (2): The MUI model

142





1ICCCE, VOL.8,NO.1, 2008

r
®

Interference Mitigation for IR-UWB Ad-hoc
PAN Based on Chip Decision RAKE Receiver

Table (1): Simulation Parameters
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Figure (3): The simplified diagram of Rake Receiver
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Figure (4): The proposed Rake receiver
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Parameter Value
Sampling frequency 50 GHz
Pulse duration Tns
Shaping factor for the pulse 02505
Number of bits generated by the 1000
H | | source.
i ! 1 Time resolution Tns
! I Number of pulses per bit B
i H ' Number of PRAKE finger s
s : ! % —_r— A Signal-to-noise ratio EfN, 3048
Fingers MRC ' b Tnterferers powers 2048
p H [ Deaso Transmitted power (Pr) variable
i ! e User | distance variable
— Tnterferers distances variable
’ ] 'WPAN dimension 4-10m
i ' . = 5 Various
i WPAN topologies titlogies
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Figure (9): Topology /3

Figure (11): Topology /4
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Figure (10) : BER v.s. N, for topology/3, Ey/N,=
30 dB, N,=5,L =S5, Ny =25, and P, =-20 dB.
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Figure (12) : BER v.s. N, for topology/4, Ey/N, =
30 dB, N,=5,L =5, Ny, =25, and P, =-20 dB.
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Figure (13): Topology /5
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Figure (14) : BER v.s. N, for topology/s, EyN, =
30dB,N,=5,L =5, N, =25, and P, = -20 dB.
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