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Multi-access performance of DS UWB system
under indoor dense multi-path channel
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Abstract: The performance of multi-user code to direct spreading bi-phase shift keying ( DS-BPSK) direct
impulse ultra wideband (UWB) systems under indoor multi-user and multi-path environment is analyzed and
simulated. The system output signals with Rake receiver are derived, then a simple and practical code selection
scheme is given; i.e., with a large occupation to empty ratio of the repeating pulses, directly choosing those
random or pseudo-random user codes with enough length and good co-relative orthogonal features will make the
performance of DS-BPSK approximate the optimum and, so there is no need to carefully design the code or its
type. The system multi-access performances are simulated using Gold sequence and PN codes as multi-user
codes under CM1-CM4 multi-path channels. Simulation results prove that the proposed scheme is feasible.
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FCC approved that ultra wideband (UWB) com-
munication signals could be transmitted for commercial
applications in April, 2002. After that, people showed
great interest in UWB communication and put forward
many proposals. Now, UWB communication has be-
come a focus in the communication field. UWB has
some advantages, such as high speed, low transmitter
power, low cost and no need for special bandwidth.
This paper studies the multi-access and Rake receiver
performances of the UWB wireless system based on
pulse signals.

In many earlier communication systems, after the
baseband data was processed, it was then modulated on
a carrier frequency and radiated by antenna. This is
generally called narrowband communication in which
signal spectrum is shifted near the carrier frequency.
Later, the CDMA spectrum spread communication was
proposed. The signals’ spectra were first spread, then
modulated on a carrier frequency. However, the occu-
pation of the bandwidth of this kind of CDMA system
was still only several MHz bandwidth and the relative
bandwidth was usually less than 1% . Recently, the
FCC has approved that UWB communication signals
can occupy more than a 500 MHz bandwidth or the rel-
ative bandwidth can be more than 20% . In the stand-
ardization process of IEEE 802.15.3a WPAN Task
Group, two ways have been proposed to utilize the ap-
proved bandwidth, one is based on OFDM, the other is
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based on DS-CDMA.

Multi-access performance is an important part for
the UWB system. Earlier published literature'' = dis-
cussed the multi-access code problems and system ca-
pacity of UWB wireless communications. Ref. [ 1] used
multiple receiver antennae and modeled the multi-ac-
cess interference (MAI) as a filtered Poisson shot noise
rather than the usual Gaussian assumption for MAIL
The multi-access capacity of M-ary pulse position
modulation (PPM) for time hopping (TH) UWB sys-
tems rather than the DS scheme is studied in Refs. [2,
3]. A method for improving the capacity of the multi-
carrier based DS UWB system with 256 sub-carriers is
presented in Ref. [4]. In Ref. [5], code selection for
enhancing pulse-based UWB multiple access perform-
ance using TH-PPM and DS-BPSK modulations is ana-
lyzed but only under AWGN channel condition while
the performance with multi-path is obtained by simula-
tion. And Ref. [6] discussed the design and perform-
ance analysis of TH sequences for TH UWB systems.
In Ref. [7], the capacity of binary PPM modulated TH
UWRB system over multi-path is analyzed.

In this paper, the multi-access performance of the
pulse-based DS-BPSK CDMA UWB system with a
Rake receiver under practical indoor dense multi-path
channels will be analyzed and simulated.

1 Pulse-Based UWB Wireless System

It is an important issue to distinguish different us-
ers in wireless communication systems. Generally
speaking, there are three methods for users to access
the system. However, it is easy to understand FDMA is
not suitable in this situation.
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In the following system as shown in Fig. 1, DS-
CDMA is selected. (Note: DS referred here is not spec-
trum spread. In fact, it is actually a direct sequence
phase coding, but the process method is similar to di-
rect sequence spectrum spread, and it is usually named

Random

as DSSS'™). In the system, pseudo-random sequences
are adopted as different users’ codes, and the receiver
distinguishes different users’ information according to
their user codes. BPSK is assumed through the whole

paper.

binary data
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Fig.1 Pulse-based UWB wireless system simulation block diagram

The Rake receiver will be used to improve the
signal noise ratio'”’. The number of selected paths and
their effect on system performance will also be dis-
cussed in the next section.

1.1 Selection of pulse waveform
In the system, the Gaussian monocycle pulse
waveform is adopted''”’. Its expression is
2
v(n) =Le () (1)
T

In the UWB communication system, the antenna
will differentiate the transmitted signal waveform, so
the transmitted waveform expression after the antenna
is

(1 r
U =e V(=25 (2)
T T

The different values of 7 result in different pulse
and spectrum widths. In this paper, 7 = 0.5, and the
corresponding waveforms of V() and U(¢) are shown
in Fig. 2.

1.2 Analysis and simulation of user codes

Now we observe the receiver interference prob-
lem. Suppose that the system has ideal channel estima-
tion and synchronous receiving. User A is the useful
information to be acquired, and other users are interfe-
rential signals.

Suppose C, (1) is a pulse waveform of one chip,
it is a low duty cycle waveform. 4 (¢) is a random re-
sponse of the UWB channel. When the pulse wave-
form C,(t) passes the UWB channel, its response is
expressed as

W,(1) =h(1) * C,(1) (3)
where * denotes convolution operation. Let a;(i =0,
1,2,..., N-1) be the code of user A, g, is a pseudo-
random sequence and its length is N. Then the ex-

pression of a spread data bit passing the channel is
N-1

S0 = Y aW,(t —ir) (4)

where 7 is the chip’ s interval.
Similarly, the receiving signals of the other users
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Fig.2 Gaussian monocycle waveform and its differentia-
tion. (a) V(9);(b) U(?)

who interfere with user A can be expressed as
M N-1

I(f) = 2 Zb_,,,.whj(t —ir,) (5)

where M is the number of the other users, N is the
code length, and b, ; is the i-th code element of the j-
th user.

Consider that user codes are asynchronous, b, ;
has been adjusted; that is, the phase of the user code
has been adjusted in the receiver. As shown in Fig. 3,
here we obtain chip synchronization.

In Fig. 3, the upper line is the code of user A and
the lower line is the code of user B. With reference to
user A, user B keeps ahead by j -1 elements.

So the received bit data of user A is

N-1
R(0) =Y aW,(t—ir) +
i=0
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Fig.3 Code element adjustment

M N-1

> D bW, (1 —ir) +n(1) (6)

j=1 i=0

In Eq. (6)1, the former two parts represent useful
information and the interference item, respectively;
n(t) is the additive noise.

At the receiver, suppose that signals of user A are
received with ideal channel estimation. Signal bit ener-
gy is accumulated by integration, chip by chip. It can
be expressed as

Ty N-1
E, = fo R(D[ 3 a W, ~ir)]dr
i.e

E, :f:’ [ Ni:a,.Wa(t—iTC)] [EaiWa(t—iTC) | ar +

i=0 i=0

f:bn(t) [ gaiWa(I —ir,) ]dt +

P18 Som-in ][ Sawi - o

(7

It is obvious that the energy of the bit data of us-

er A is composed of three parts: () The useful signal

energy; 2 The energy generated by additive noise; @)

The interference energy of other users. Now we con-
sider 3. Let

E, = éj?[gb_,,,.w,,j(t —ir) | -
[l_vz_ja,.Wa(t —ir) ]dt (8)

If not considering the chip interference, Eq. (8) can
be rewritten as

M T N-1
E = ZJ [ 2 byaW, (1 —ir) W(1 ~ir) ]dt
j=170 i=0
9)

and
W,,j(t—irc) W.(t-ir,) =C (10)
where C is a constant, SO

E, =C§ U:b(gbj?iai)dt] (11)

It is easy to conclude that if the codes are orthog-
onal, that is

N-1
Y b.a; =0 (12)
i=0

Then interference between users can be elimina-
ted. This provides a scheme for selection of user
codes. That is, if the duty cycle is small enough, or-

thogonal codes can be used and the best performance
achieved.

When chip interference occurs, suppose that cur-
rent chip will affect its following k£ — 1 chips, dissect
the channel response into k sections. Each section’ s
interval is 7.. The k sections can be expressed as
Py(t), P (1), ..., P,_, (D).

Without considering data bit interference, we
confine the chip interference within a data bit. Then

one chip can be expressed as
K-1

u,(n = z a(n—i)modei(t)

i=0

n=012,...N-1

(13)
where N is the spread factor, i. e., the code length,
@(,_iymoa v 18 the modular operation, a,(i =0,1, ..., N -
1) is the code element.

In Eq. (13), each chip is expressed as multi-path
accumulating; that is, the effect of other chips on the
current chip has been grouped together. So Eq. (7)

can be changed into
. N-1

E, =f0b{§ [Vt = im0 ]z}dt+

T, N-1
f (o) [ 3 aU, (t—ir) |dr +
0 i=0
T, M N-l
[T > v, —iroU, (1 =ir) | far
o L33 i20 !
(14)
where U, ;(1) is the j-th chip of user A, and U, (1)
is the j-th chip of user b,.

Define the interference signal ratio as
M N-1

f:{ Z ;[Ub,.i(f =it ) U, (1 = ir)] }dt
fTh{ E[Ua,[(t —ir) 1 far

0

(15)
Using Eq. (15), we select Gold code and random
binary sequence (equal probability). Suppose 2 Mbit/s
baseband data rate for each user code, using the IEEE
CM1-CM4 channel models''"", the Monte Carlo calcu-
lation value of Eq. (15) is between
Re(0, 0.05) (16)
The results indicate that the interferences between
chips are not serious in the supposed conditions. Al-
though the response waveforms of CMI1-CM4 chan-
nels vary greatly, the performance of receiver with
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ideal channel estimation is quite close. The whole sys-
tem simulation confirmed the conclusion. In contrast,
Fig. 4 and Fig.5 show the BER curve. Fig. 4 indicates
Gold sequence as user codes with code length N =63.
Fig.5 indicates random binary sequence as user codes
with the same code length N =63. The two figures are
both the simulation results under 3-user conditions.
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Fig.4 Performance with Gold sequence
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Fig.5 Performance with random binary sequence

It can be seen that the results are similar when
adopting Gold or random binary sequence. It indicates
that, with the above channel conditions and parameters, if
the orthogonal user codes are random and equal proba-
bility, the receiver’ s performance is quite similar.

In contrast, Fig. 6 shows the BER curve of Gold
sequence and random binary sequence in channel

CM1 and CM4.
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Fig. 6  Performance comparison between Gold sequence
and random binary sequence

2 Performance of Rake Receiver

In our simulation system, low a duty cycle pulse
is adopted. It is propitious to collect multi-path ener-
gy. Although we can use a low duty cycle to reduce
interference between chips, the channel response is so
long that it causes severe interference between chips.
It is necessary to know how many paths are needed to
reach the receiver’s performance. There will be
tradeoff between system and receiver cost.

Fig. 7 shows the simulation results under the sys-
tem conditions of three users, Gold sequence, and
CM?2 channel. It indicates that proper receiving paths
can reach the performance.
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Fig.7 Performance of Rake receiver in CM2 channel

Suppose that there is a path within a chip inter-
val. Then the statistical results show that channel
model CM2 can be divided into two sections accord-
ing to the receiving energy. The first section is the
main energy section from path 1 to path 18 which
concentrates most of the energy of the channel re-
sponse. The second section from path 19 to path 29
contains lower energy. Energy of paths beyond the
30th path can be omitted.

From Fig. 7, it need only receive the main energy
so that the system can achieve quite good perform-
ance. The result provides reference to receiver design
under this channel circumstance.

It can also be concluded from Fig. 7 that when
the received paths are not numerous enough, the per-
formance is poor (e. g.5 paths in Fig. 7). When main
energy is received (18 paths in Fig. 7), the perform-
ance is improved greatly. Furthermore, when main en-
ergy and sub-energy are both received (29 paths in
Fig. 7), the performance is close to that of the ideal
receiver (all paths in Fig. 7).

3 Conclusion

The UWB wireless communication system has a
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special channel that has a dense multi-path feature.
The selection of orthogonal user codes does not affect
system performance deeply under the condition of low
duty cycle. The simulation results indicate that user
codes which have random feature are similar in per-
formance and orthogonal codes can achieve the best
performance. As for the receiver, it does not need to
acquire energy from all paths. The proper selection of
receiver taps will simplify the design of receiver struc-
ture and maintain system performance.
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