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Performance of Differential Detection with PSM versus BPM Signal for UWB Indoor

Communication System over Multipath Channel

Chanyuth Chamatrirattanaphan1 and Phichet Moungnoul'z

Abstract

In this paper, we analyzed the performance of differential detection with pulse shape modulation (PSM)
versus bi-phase modulation (BPM) signal for ultra wide band (UWB) indoor communication system over
multipath channel. The bit error rate (BER) performance of differential detection with PSM and BPM signal are
investigated by using the |IEEE 802.15.3a Saleh-Valenzuela (S-V) UWB multipath channel model. The data rate
has been verified to be effective in overcoming the inter symbol interferences (ISI).
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Introduction

Ultra wideband (UWB) radio signals employ the
transmission of very short impulses of radio energy
whose characteristic spectrum signature extends
across a wide range of radio frequencies [1]. Much
of the increased attention on UWB technology is
due to the landmark ruling by the Federal
Communications Commission (FCC). In February
2002, the FCC opened up 7,500 MHz of spectrum
(from 3.1 GHz to 10.6 GHz) for UWB devices with a
peak power-spectral-density (PSD) value of only -
41.3dBm/MHz.

The differential detection approach can be a
promising solution for attaining low-complexity and
energy-efficient receivers. The differential detection
is simpler to implement as they do not need channel
estimation [3]. Assuming pulse shape modulation
(PSM) in differential detection systems, the symbols
are differentially encoded, and each received data
pulse is correlated with the previous one. Each
pulse serves as a template for the next,

In this paper, we analyzed and compared the
performance of differential detection for UWB indoor
communication system over multipath channel with
orthogonal and antipodal signal which were
represented by pulse shape modulation and
bi-phase modulation (BPM) [1], respectively.

We present the PSM and BPM waveforms, PSM
and BPM transmission, high frequency channel
model by using Saleh-Valenzuela (S-V) model and
the differential detection. Furthermore; we present
result and

all system simulation, simulation

conclusions respectively.

System Models
PSM and BPM Waveforms

The UWB waveforms used for PSM scheme are
the orthogonal pair of modulated Gaussian
waveforms [2, 6-8]. The orthogonal pair of
modulated Gaussian waveforms in time domain, j;
and f, are given by
f(t)=Ae""" sin(2rft) (1)
fi(t)=A4e"" cos(2xft) (2)

Where f is the carrier frequency, d isthe 1/e
characteristic decay time, 4, and 4, are the
maximum amplitudes of waveform envelopes of f;j
and f, , respectively.

PSM and BPM Transmission

The PSM and BPM transmission signals are
denoted by spg, (1) and sg,, (f) respectively, if
b(n) is binary input and d(n) is Gray/Binary
output, then
d(n)=d(n-1)® b(n) (3)
where b(n) € {0,1}, d(0)=b(0), n =0,1,2,...

f.(t) for din)=0
s"”m={/":(r),ffor d(nj=1 . “
e {-f,(z) for d(n)=0
fit) for dn)=1

The transmitted signals are given by

(5)

5(t) = spgy, (1) of transmitted PSM signal sequence
and s(t) = sgp,, (1) of transmitted BPM signal
sequence respectively.
High-Frequency Channel Model

The HF channel model has been established by
the I|EEE 802.15.3a standardization group for
evaluating various proposals for high data rate UWB
communication systems. This model is intended ta
represent the channel characteristics in the
frequency range from 3.1 to 10.6 GHz. It is based
on the Saleh-Valenzuela model [4], which

represents a “clustering” of the paths. The channei

impulse response is defined as
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h ()= Xriiﬂl.ﬁ('-f -7,) (6

f=t) &=t}

where a,, is the tap weight associated with the
k-th ray of the I-th cluster, X, represents the
log-normal shadowing, and i refers to the i-th
realization; K is the number of rays in each cluster,
and L is the number of clusters. The distributions of
cluster and ray interarrival times, respectively, are
given by

p, (T 11,) = Aexp[-A(L -T,)], 150

P, (r” | r,_,,l) = Aexp[—at(r.., |r._”)], k>0.

The channel coefficients are defined as
a,=p, B, where p, e{+l,-1} s
equiprobable and represents the signal inversion
due to reflections. The parameter £ reflects the
fading associated with the [-th cluster, and 24, ,
corresponds to the fading associated with the
k-th ray of the [-th cluster. The distribution
of the channel coefficients is given by
&8, |=10"""  where n ~N(0,67) and
n ~N (0, 0':) are independent Gaussian random
variables corresponding to the fading of each
cluster and ray, respectively. The parameters
are given by

10In(Q,)-107 /T -10r,, /7
o In(10)
(O’: +c:)1n(10)
20
Where Q, is the mean energy of the first path in

7

the first cluster, 7, and r,, are the excess delays of
cluster I and of the k -th ray in cluster [ ,
respectively. I is the clusters' decay constant and
y is the rays' decay constant. Finally, the total
energy contained in the terms {a:_,} is normalized
to unity for each realization, because the lognormal

shadowing of the total multipath energy is

characterized by X, . for 20log, X, ~N(0,67).
Based on the work of IEEE 802.15 also recommends
a new way of modeling the path-loss. While there is
still shadowing superimposed on a polynomial
power decay law with the logarithm of distance, the
decay exponent n and the shadowing variance o

have now become random variables.

(1) x W%, 0 ¥,0%,0
P (0)+n, (1)
BPF XP| [ [ pectsion >

T [5,6T rn 6T

Figure 1: Differential detection

Differential Detection

In this section, the performance of the differential
detection [3] in Figure 1 is analyzed with an
integrator as shown. The input signal to the receiver
is gven by r(t)=s(t)*r(t)+n(r) . where
s(t)*h(¢) is the received puise waveform, and
n(t) is AWGN. The received signal is passed
through a wideband bandpass filter that has the
same impulse response as the transmitter filter,
denoted by hy () ; Hence
p,(1)=[s(:)* h(:)] *hy, (¢) and
n (t)=n(t)*hy ()= j':'z(‘r)h‘B (t-7)dr (8)
The noise process n, (t) has the autocorrelation

given by

R, ()= NT [ty (g (=) ©
The receiver BPF output is multiplied with a
replica delayed by T seconds and the resuttinQ
decomposed into the
x(t)=x, (1) +x.(¢)
Here x, (1) =p, (1) p,(t-T) = p, (¢) . assuming
that p,(t)=p,(t—T) if the different bit input is

product

components

sent.
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£ ()= 2, (O, () +n, (=T)]#n,(In, (1=T) (10)

The output of the mixer is integrated over a time
period T,, 0 <T, <T and a decision on the symbol
is made every T sec. Thus, the output of the
integrator, sampled at T' spaced intervals, can be

written as the sum of a signal component

T
¥y, ()= _[xp (¢)dr, and a noise component
0

Cal

y_(?")=jx.(t)d1=N,+N:, where
L]

N, = o) () +m (-1 ]t and

N_,=_||'n,(:)n,(:-1:)dz. »,(T.) is no longer

Gaussian due to the result of the term N,. Rather
than trying to derive the probability of error for the
differential detection, the signal-to-noise ratio (SNR)
at the output of the integrator is examined as a
function of the integrator length T, . The noise term

v, (T,) has a mean given by:

Ey, (1)} = E{N}+ E{N,}
= [p ()E{n, (0} + En, (-1 )} ]ae

+R,(T)T,

(1)

Clearly, the first of these terms is zero, since
n, (1) is a zero mean random process. The second
is also approximately zero, if the impulse response
of the BPF has negligible autocorrelation at lag
T seconds, which holds in situations where the
pulse repetition frequency of the UWB signal js
small compa'red with the UWB signal bandwidth.
Thus, E{y (T,)} =0. The variance of y (7)) is
then given by
E{y. (1)} =E{NM}+E{N}}+2E{N N} (12)
The first term on the right hand side can be written

as

B —

2R____ (’, —r__)
E{N:} = Hp, (l, )p, (:__) +R__. (l, -+ T_) It dt, (13)}
) R (¢,=e.-7)

=2 IIP! (': ) Py (!3 ) R.‘., (tr -t: ) d{,dl_,
LA
based on the previous discussion about R.‘_’ (r)
Next,

- HE {':‘((‘;’))"’ ((" _j:) tde,  (14)

f R (T)+R, (-
n L +R,. (1, +T)R (t ~t, -T)
IR"(t t, )t dt,

where the well-known result for the fourth moment of
jointly Gaussian variables has been used, and
previous arguments about R, (7) have also been
employed in the approximation. The final expression
below in (15), along with (13) and (14), allows
numerical computation of the output SNR for a given

receiver BPF impulse response.

am o D) [!P:’(t)dz]
- Var{y:(rz)} E{N;'}+E{N:}

From (15), we see that as the integration time ig

(15)

increased from zero, more signal energy is

gathered, and the SNR_ increases initially;
However, when the integration time extends past the
pulse duration for an AWGN channel, no significant
additional signal energy is gathered, while the noise
terms, especially N,, continue to accumulate,

causing the SNR_ to decrease.
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Figure 2: PSM and BPM signal with 7' =0.5ns

Simulation
UWB signal design

For the FCC indoor limit spectral mask, the
A =376V,
d =0.11ns and f, =7.34 GHz. The fractional

waveform parameters are A, =

bandwidth, occupied bandwidth and average
power of these waveforms are 0.84, 6.20 GHz and -
62.75dBm, respectively.

Sampling rate is 0.05ns, guard time (T;} is
related to the data rate of the transmitted signal and
pulse time ( T, ) is 0.5ns, where data rate of
transmitted signal is I/( 1; +T ) bps. For the
receiver, PSM bit decision threshold is 0.5 and BPM
bit decision threshold is 0. Assume that the BPF is

the imaginary bandpass filter by hy (1) =1.

Table 1: S-V model parameters

Model

CM1 CM2 CM3 CM4
Parameters
A (1/nsec) 0.0233 0.4 | 0.0687 | 0.0667
A (1/nsec) 3.75 1 3 3
I 71 52 14.93 17
P 4,37 | 6.5067 7.03 12
« (dB) 4.8 48 48 48

Table 2; S-V model characteristics

Model |
CM1 CM2 CM3 CM4
Characteristics
Mean excess
52737 | 9.8188 | 15.705 | 22/198
delay (ns)
RMS delay (ns) | 5.5691 | 8.2946 | 14.782 19.835
NP10dB 19.3 20.65 33.69 50.84
NP (85%) 2471 34.98 62.46 99.86

The model characteristic CM1 is based on LOS
(0-4m), CM2 is based on NLOS (0-4m), CM3 is
based on NLOS (4-10m) and CM4 was generated to
fit a 20 ns RMS delay spread to represent an

extreme multipath channel.

Simulation Resuits

From now on, we provide the BER performance
results of the proposed differential detection with
PSM and BPM signal by adjustable guard-time
(data rate), in the modified S-V multipath channel,

Figure 3 and 4 illustrate the received PSM and
BPM signals at the receiver data rate =25Mbps,
CM1, Eb/No=30d8, y () is the output of integrator
for decision bit output. This showed the differential
amplitude of BPM is longer than of PSM.

Figure 5 shows the BER performance aof a
differential detection with PSM versus BPM| by
varying channel model CM1-CM4 at data rate of 25
Mbps. While the BER performance a; the data rate
of 50, 100 and 150Mbps are shown in figure 6-8,
respectively.
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with data rate 150Mbps, CM1-4

T i L 4 e it (] .
" =:~... " s ﬂm***ﬁhm m * m 165 i Y ” 1 m
(ORI A L RO c.t_. b, o Iee) e © B B Y L
bt A = A Bl e =4 mmMMGmMm -n o4 = 1 ] of = A m
oA TINS B .m ™ .m ﬂn e (] .m
[ ..:ﬁr__ w o> ?L 0 [
oty [ @ Vo ® wi_ 1 [ @
& i = v =
i g = ot = VT i
] nei Pt i (| I bt
| ULLY ' h:.c (| w 4 f-__ mll 4 o __._._""“ | " " w
.." .::-".._—‘r" nuﬁ::_ _.._p e 1 ﬂ.. o] w b AU b b L o= = o o)
" o § Y] (|
T o : g 2 ZK. ¢ o} R 3! 8
- - - =4 - 5 * - -
i it vk o o B SR |orivitoee it g g e g ouiicb-l 8
' TEL R T (TS _1- B O o :_.W:)._ | 2 m M _._L* Vo =
I gl 1 1 g T g a " w .m 0 Py eI IR o S | daulm Mg _\. V1
TR . ([T o WP T 1y P S ey ] - bt e M bl e = t B ‘:».LL.....InL..—ZPrrLEIEI =k =4 .m
MUEERE TR SC IR m. o ey .-.fm!:!.c. v m. I ] .:‘-:1 -:__. ,\ | Lo m.
[ rx._f—\fa WL 73] _:___#An ,E&?.. i — i 11 '
(] _. x a..._M LSRN R ..ﬂlw ULTRR] » LU | R © et *T r, L I | o
(TTRREF gV R .nu.: ILis w 0 w = Lr—r._.tl?'»f.: ......s................-.; de w
i m @0 m 0 WALE L w s o
¥
! & 8 [ © g puss ol mwmn“m pr
i L~ D i &
10011 b ...na.". __- ¢ © 0 o .nUd _."N.Em-ll ._N [ srunnn.h_ 8 8 ] @
e gy n [ b= - | - 11 1 |rrredabd -
i * "y | = .m [= B " (N A B =]
Y T T ST R BTN L = i M PRI SN SN 77 T B St P L
e e ? 2 ° ® s "2 e
Wan LE L]
cep-ofl sigmeal mop-8 sl
2 ssh=oll ~-at ~F-40 ~}-- 2
® = = ® <
-
v =2 Iﬂ 0 =
= o=l S 18 - -8 --“7 8 = IR
m nlu. m Pun :L[.—..n
nlu.q m. .mMu m RN
w5 A e
> - = e - -d8 --}-d8 --- |uw > = 14 b b g e o
w uw o wn [P G (T
o ﬂ_ m o~ h ﬂri. ' ‘.Pt.:faxﬂ..
L | -
.w ® = .w _a_u A ] =l &L...W.Lh-w,nﬂ.:”_f"h e o
m ,m = A e rlm-w B - de W m w A L IR
2 8 o 8 o
[vd .mud w n._m M w - :»:.r....u.
) 5 ..._;_... T St A ~c=Pedf =k-=4R - Wu ﬂv N
g 2 29 ® 2 9 e
% § 35 3 & 8 5
ged . =.. . A L.\ &8
d e @ s 9 q -

Figure 5: BER performance of PSM and BPM

with data rate 25Mbps, CM1-4
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Conclusions

In this paper, it was shown that the performance
of differential detection with PSM versus BPM signal
has been proposed for UWB indoor communication
system. The BER of BPM (antipodal signal) is lower
than PSM (orthogonal signal) because the BPM
symbol distance between bit “0" and bit “1" is
longer than PSM symbol distance 2 times.

The BER of the differential detection with BPM
and PSM is depended on data rate which the low
data rate has better BER than the high data rate
because the IS| highly impacts in the sequence
which is the lowest guard time. The simple
implementation is the strong point of the differential
detection which doesn't need channel estimation for
equalizing UWB signal. However, the BER
performance that was affected from IS| can be
improved by decreasing data rate or selecting BPM
for communication instead of PSM.

In the future, we intend to analyze the proposed
combination between BPM and PSM for increasing
data rate. It is possible to assign different pulse
shapes of each M-ary for increasing the data rate

with the same environment.
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