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This paper investigates the performance of M-ary pulse position modulation (PPM) multiuser ultra wideband
(UWB) communication systems in terms of symbol error rate (SER) over fading and additive white Gaussian
noise (AWGN) channel. Based on Gaussian approximation for the multiple access interference, an expression for
the signal-to-noise ratio is derived for the UWB system. This expression is used to derive exact SER expressions
for coherent UWB receivers. The effect of pulse selection on the SER of multiuser UWB system is studied. In
addition to rectangular pulse, 2™ derivative Gaussian waveform is considered. We show that the system capacity
and/or SER performance can be significantly increased by using the 2* derivative Gaussian pulse.

1. Introduction

Ultra wideband (UWB) systems were recently proposed as
one of the possible solutions for short range wireless
nerworks [1]. The new technology has the potential to
deliver high data rates with very low power densities. The
UWB systems are characterized by the transmission of
series of sub-nanoseconds pulses (monocycles) that spread
the energy of the signal from near DC to a few GHz. The
pulse train is transmitted without any modulation with
sinusoidal carrier. This is a major advantage of UWB since
it has high immunity against multipath fading effect as
experienced in other wireless systems. [n addition, high
processing gain and very low power density ensure minimal
mutual interference between the UWB and other wireless
systems. Pulse position modulation (PPM) has been
proposed as a modulation scheme suitable for the UWB
communications [1]. With PPM, the data modulates the
position of the transmitted pulse within an assigned window
in time. UWB radio is the generic term describing radio
systems having very large bandwidths; “bandwidth greater
than 20% of the center frequency measured at the —10dB
points,” and “RF bandwidth greater than 500MHz,” are the
two of the definitions under consideration by the US Federal
Communications Commissions (FCC).

Time Hopping (TH) is used in the UWB system as a
multiple-access method. The PPM scheme is used in TH-
mode with pulse transmission instants defined by a pseudo
random code. One data bit is spread over multiple pulses to
achieve a processing gain due to the pulse repetition. The
processing gain is increased by the low duty cycle. The
multiple-access interference (MAI) may be the dominant
factor on the bit error rate (BER) performance. Some
published work considered the BER of UWB system in
nonfading multipath channel (23]. The correlation
properties and the frequency spectra of UWB pulses are
very crucial. The BER of a single user M-ary PPM UWB
system was considered for fixed multipath fading channel
by (2], extension of this work to multiuser UWB is done by
(3]. This paper is different from other previous works by

2.

introducing the effect of pulse shape and fading on the
performance of multiuser UWB system. Rician channel has
been selected for its generalized modelling of short range
UWB channel [4].

The remainder of the paper is organized as follows.
Section 2 introduces the signal, channel, and receiver
models. Section 3 carries out the performance analysis of
the UWB M-ary PPM both in Gaussian and Rician fading
channels. Section 4 presents the numerical results obtained.
Section 5 concludes this study.

UWB System Model

The time-hopping M-ary PPM system model examined in
this paper is shown in Fig. . The j-th data symbol for the
v-th user’s transmitted signal has the form [1]:

S/()= 4Pl jT, ~C}T. - )
and the v-th user’s transmitted signal has the form [1]:
5'(0)=3.5;0)= Y 4P~ T, -CT.-d}) @
=

J—

(1

where P(1) is the UWB pulse of duration T, £, is the energy
per pulse. The pulse repetition interval, referred to as frame,
isT, , A =\/EZ, C;, and d; are respectively, the
amplitude, time-hopping and modulation for user v. The
PPM time shift is d & {3,..., 8, }. For a fixed Ty the

symbol rate R, = l/(N’T/) where N, is the number of
pulses that form a symi:o(. The symbol duration is then T, =
N, T}, The spreading ratio is defined by =T} /T, .

Each user’s signal propagates over a signal path
channel with attenuation factor & and propagation delay T as
shown in Fig.2. It is assumed that the channel is a single
path Rician channel. The channel is random and its
amplitude, o, can be described by Rician distribution. The
instantaneous power level, ¥ = a?, follows the non-central
Chi-square probability distribution function (pdj) as:
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where Q is the mean power level, which is equal to the sum

7

of the powers due to the multipath diffused ,

Line of Sight (LOS) , }’ows. and /o(x) is the modified Bessel
function of the first kind and zero'th order. The Rician
distribution is more commonly specified by the Rice factor,
K, which is interpreted as the direct to multipath diffused
power ratio, K =y2 /y°difr . The 1* and 2° moments of

g » and

& are:
4
5)

Ela)= e+ K)1,(£)+ &1,(£)]
E[GZJ=Q= raws +7:,7
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Figure 1. TH-PPM UWB modulator.
The received signal R(r) from all users is given by:

R(t) =§a,5'(t ~7")+7()

where @, and 7"are the channel attenuation and time

(6)

delay associated with user v and n({) is zero-mean AWGN
with power spectral density NV, /2.
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Figure 2. The channel model.

Without loss generality, we assume the desired user is
v=1. The single-user optimal receiver is the M-ary pulse
correlation receiver followed by a detector. We assume the

receiver is perfectly synchronized to user 1, ie., 7' is
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known. Furthermore, the time hopping sequence C/l is

known at the receiver. The M-ary correlation receiver for
user 1 consists of M filters matched for any pulse P(r) with
duration Tp. We define the correlation (N,) to the basis

functions ¢,' (I) defined as:
8\ (0)=Plt-d' -7') i=l.M (7
The detector selects the Max i-th symbols of M possible
outputs, Fig. 3.
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Figure 3. M-ary PPM UWSB receiver for the 1* user,
The decision variables at time sample (r=,T)), are now
given as:

(8)

by substituting for R(r) from Eq.6, the parameter U; can be
represented as:

U =d+NI+N )

where, d denotes the desired part of the received signal
expressed as:
i
d= [aS'(-7')p (-1, -CT.)r (10
=7,
NI is the multiple access interference (MAI) from other

users expressed as:
V.

s Iia.s'(r—r')n'(z-jr,-c;r,)d, (1)

(=0T, =1
N is the noise component at the output of the receiver,
y
N= [n(eie-jT, ~C\T. )
=7,

with P(r) being normalized and orthogonal pulses, the
desired part of the signal is expressed as:

d=a,4'8(i-j)
The MALI part can be written as:

(12)

(13)
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NI = ia,A i rj‘P(l)P(l At

':v;herﬂ is the time difference between the different users
as:

a=(ci-c))ld -d;)+ (e -77) (15)
[f the correlation function of the pulse P(r) is defined by:

T
Ha)= [P(e)P(e-a)d (16)
0
then the expression for MA[ in Eq.14 can be written as:
N,
NI =Y a,A"H8)
val

: It is assumed that the time-hopping code elements .are
' random, independent, with uniform distribution over frame
interval Ty for all users and frames. Each user has a
uniformly distributed data source. The time delays are also
assumed random, i.i.d. uniformly distributed over the frame
interval. Under the assumptions listed above, and noting
that MAI pulses of interest fall within the same UWB
' frame, the time differenceAis a uniformly distributed
' random variable over the interval[-Ty, T7].

Various waveforms with complex mathematical formats
_ have been proposed for impulse radio including Gaussian
pulse, Gaussian monocycle [1], and Rayleigh monocycle
[6]. All of these waveforms reflect the high-pass-filtering
impact of the transmitter and receiver antennas. To simplify
our calculation, we consider two types of waveforms,
namely, rectangular and 2 derivative Gaussian pulses. This
analysis can be extended to other waveforms.

We assume the following rectangular waveform:

expressed

(17)

s ARt

A Ssale 2

— 0s¢<T, 18
Pual)={ T, e i
0 Otherwise
 The correlation function 4(A) for Prec(r) in Eq.18 is:
A
- T
h(8)={'"T, 0sla|sT, (19
0 Otherwise

Comparing with a rectangular waveform, the main
~ characteristic of monocycle signal is that they have zero DC

component to allow them radiate effectively. The

normalized 2* derivative Gaussian pulse is expressed as:

Pm<f>=g[l-4,[g]:~w‘

where £ s a time scale factor and its relation ‘to pulse
width T} is TP = 7& which contains 99.99% of the total
- energy. The corresponding correlation function is:

(20)
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3. Performance Analysis
For simplicity, and without loss of generality, we assume
that signals are transmitted in the /-th time slot. With perfect

+i(%)‘jle..(%]x e

2

synchronization, channel delay 7' is known, the time

hopping sequence C /' is known, and the decision variables

U,=[U'
U

»

are:
a'd'+NI+N
NI +N i=l.M,izl
The multiple-access interference is not Gaussian.
However, we assume large number of users to justify the
Gaussian assumption for the MAI by invoking the central

limit theorem. The decision variables are independent
Gaussian random variables distributed as follows:

U, :N(a'd' + E[VI]+ E[NV) o2, + Var(N))
U, : N(E[NT)+ EN} 03, + Var(V))
where N (O,I) denotes the Gaussian distribution with zero

mean and unit variance, and £(x) and Var(x) are the mean
and variance of x, respectively.

The mean £(V) and variance Var{/V) are found to be 0
and Ny/2, respectively. The corresponding parameters for
MATI are found to be:

E[nr]= :Z Ela, ]4" E[n(a)]

i=l 22)

(23)

(29)

and
=) [l el (0)]- (e JE2 ala)] )

The mean of /{A) can be calculated as follows:
For rectangular waveform:
Eln(a)]= Elho ()]
T l
- j b (A)—db =
- 27,

For 2™ derivative Gaussian waveform:

et 5 22 722 2 A2 )
(27)
The 2™ moment of A(4), E[hz(A)], is calculated as

follows:
For rectangular waveform:

| (26)

eli()]= el (a]=2 i, o) =L
0 s

For 2™ derivative Gaussian waveform:
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If TP/E =7, Eq.27 and Eq.29 can be reduced to,
=9.738x 107 3 14
Bl 0= =25+ i o)l -
The pdf for Uj can be represented as:
1 (U:-I?F
U,)= e (30)
Py VJ2ro,
where 4, =a'4' + E{N/] and g, =.Jo} e
2
| (©,-u,}
plu,)= e & G1)
2zo,
where 1, = E[NI] and o,=0,= ’a,‘,, +%
The conditional probability of correct decision is:
PelU, = prodlU, > U, el > U, U, > U, U, 1)
(32)

and the average probability of correct decision is:
P = [lpros(U, > U, 1 2 plu iy, 33)

by substituting Eq.30 and Eq.31 into Eq.33, and after some
caleulus with the substitution x = U/ =4 the probability

20
I a'd
PF:W 1+erf] x+

w/io'):, i o9
where O is defined as:
e )

1
If perfect power control is assumed then the term & A in

J2o

of correct decision becomes,

Eq.30 can be expressed as,

P

] E e il

(36)

Zl‘hx
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The probability of symbol error is Py =1— Py.

3.1 AWGN Channel
In Gaussian channel, the channel attenuation factor can be

assumed as unity, @ =1, and the average probability of

correct decision error can be reduced as:
7

et

Ny
1 .- 2 e £l

(37
this integration is evaluated by Hermite integration method

5].
The term |£|n*(a)]- £3[n(a)]] in Eq.37 represents the

variance of the correlation function denoted by o' : From

Eq.26 and Eq.28 and for #>100, the parameter U: for
rectangular pulse can be approximated by:

1 1 0.333 5
g, (rect) = — - — = —= (38)
T By e
and the corresponding  parameter for 2™ derivative
Gaussian pulse with T, /& = 7 is:
=3
o3 (gauss) < 214319 948368x10” _0.14519 (39

) 15
From Eq.37 and by comparing Eq.39 to Eq.38, the MAI
interference using monocycle pulses is more than 50% of
the rectangular pulses.

3.2 Rician Fading Channel

To evaluate the system performance in terms of probability
of correct decision, we substitute Eq.36 into Eq.34, and
average P over the non-central Chi-square distribution for y
defined by Eq.3. The average probability of correct decision
is:

(40)
where 4 (v -|)z{ j[E[a ]E[h (A] E*[a)E? (A I]

and the integrations in Eq. 40 are evaluated using Laguerre
and Hermite integration methods described in [5].

The performance expressions found are very general and
can be used for Rayleigh and Rician channels for different
pulse shapes.

d
4!
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Figure 4 depicts the effect of pulse selection on the user
BER of 2-ary PPM UWB in Rician fading channel. It is
obvious that the monocycle pulses represented by the 2™
derivative Gaussian pulse outperform the rectangular pulse
regardless of the Rice factor. This is due to the correlation
properties of the monocycle pulses.

The effect of system capacity of the BER is presented in
Figure 5. Similarly, we observe that practical pulses such as
monocycle pulses provide higher capacity than theoretical
ones. For the same BER, the number of accommodated
users in the system can be significantly increased using the
2" derivative Gaussian pulse.

5. Conclusion

[n this paper, we have investigated the SER performance of
M-ary PPM UWB multiple-access system in fading
channels. Rician channel was selected for its accurate
modeling of indoor propagation.channel. Among many
practical pulse waveforms, Rectangular and 2nd derivative
Gaussian pulses were considered. Closed form expressions
for SER were derived using M-ary PPM UWB system for
Rician fading channel. The expressions are generalized in
such a way that it can be applied for multiuser UWB
environment using various pulse waveforms. This work can
be extended to account for multipath fading using a suitable
UWSB receiver.
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Figure 4, User BER with respect to Rice factor, X, for multiuser 2-ary PPM
UWB radio system with ¥, =10 users and spreading ratio § =100 in Rician
fading channel.
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Figure 5. User BER with respect to number of users and spreading ratio,
B. for multiuser 2-ary PPM UWB radio system with £/Ny=15dB in Rician
fading channel with K=5.




