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Abstract — We consider a proper detection schemes for
time hopping (TH)-ultra wide bandwidth (UWB) multiple
access {MA) svstems in multipath channel. First, we apply the
well-knowwn minimum mean square ervor (MMSE) multiuser
detector (MUD). Next, we propose the hmproved deiection
scheme, which has a low complexity and can jointly estimate
the channel parameter. Simulation results show that the
proposed scheme shows a good performance with a low
complexitv and can estimate the channel parameter more
correctly than the conventional scheme.’

Index Terms — channel estimation, low complexity, MUD,
TH-UWB.

1. INTRODUCTION

ULTRAWIDF, bandwidth (UWB} technique has aitracted
interest as one of solutions for high capacity short range
indoor systems, because of its robustness in dense multipath
environment, low cosl, low power implementation, and the
high bit rate achievable.

The short range high data rate applications such as WPAN
require that multiple transmitters coexist inside office and
residential buildings where the indoor wireless channel
introduces a dense multiple environment. Therefore, there is a
need for proper systems to separate multiple users in wireless
indoor channel. For this, Time hopping (TH)-UWB and direct
sequence (DS)-UWB system have been proposed. TH-UWB
system uses TH sequence for distinguishing multiuser whereas
DS-UWB pseudo noise (PN) sequence. TH-UWB system is
more robust in multipath environment than DS-UWB system
because TH-UWB system transmits pulses discretely. In this
paper, we consider TH-UWRB system.

For TH-UWB system, various detection schemes have been
investigated so far. The representative methods are the
matched filler [1]. rake and autocorrelation receiver [2]. [1]
includes performance analysis of the receiver in the multiuser
environment without considering the multipath environment
whereas [2] in the multipath environment without considering
multiuser. As in those works, in considering both multipath
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and multiuser, the proper detection scheme was not proposed.
Additionally, the channel parameter must be correctly
estimated for a favorable performance. Therefore, in this
paper, we design the detector for multiuser interference (MU!)
suppression in multipath channel. We apply the well-known
minimum mean square error (MMSE) multiuser detector
(MUD) and propose the improved scheme for considering
problems of MMSE MUD. The proposed scheme does blind
MUD with a low complexity and then, estimates the channel
parameter more correctly than [3].

The rest of this paper is follows. The modified transmitted
signal model is presented in section II. Section III and IV
describe MMSE MUD and the proposed scheme, respectively.
Section V presents simulation results and section VI brief
conclusion,

Il. SYSTEM MODEL

Since the conventional detectors [1], [2] for TH-UWB need
sampling per frame duration but MUD requires sampling per
chip duration, the conventional model is difficull to represent
the sample value per chip duration in MUD. Therefore, in this
paper, the conventional transmitted signal model of kth user
s™() is modified as follows

- N -l
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where P is the signal power of &th user, #ij is ith bit of
kth user, p/® and ¢/¥ represent the frame sequence and TH
sequence for jth frame of kth user, respectively, w(i} is the
UWB pulse with pulse width 7,. Ny and N, represent the
number of frames consisting of one bit and chips consisting
one frame, respectively. Additionally, T,, Tyand T, are bit,
frame and chip duration, respectively. The TH sequence ¢/,
0<j<Nr1 provides additional shifi in multiple of the chip
duration T, for multiple access. In this paper, TH sequence is
modeled as an independent random variable with the value of
0<¢™<N, Each bit with PSK modulation is transmitted
using N, consecutive pulses, leading to a (V1) repetition code.
The resulting bit duration is thus T,=N, T, The frame duration
is assumed to be an integer multiple of chip duration, that is
T=N.T. where N.is the number of chips in one frame. Hereby,
the chip duration is assumed to be equal to pulse width.
Finally the chip sequence 5/ is defined as follows
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Fig. 1 MMSE MUD receiver

(k) . . . ()
o P if  i=jJN +c
Si(k) I J (2)
0 otherwise
Due to sampling per chip duration, it is possible that multipath
channel A% is modeled as the FIR (Finite Impulse
Response) with tap spacing of 7.

L-1
AR5y =3 WSt -iT) 3)
i=0)
where //* is channel gain, and £ is the number of paths.
Furthermore, a frame duration is chosen to be sufficiently
large, which is N,+L-1= N, to avoid interpulse interference
(IPI).

I11. MMSE MUD

It is known that MMSE MUD features the best performance
of linear detectors [5]. Fig. 1 shows MMSE MUD receiver for
TH-UWB MA system in multipath channel.

The received signal vector composed of N N;sample values
for ith bit, r(i) is

v =[5 () 7Y - gy ]
— /P(I)d(l)(i)H(l)sU)
N,
_l_z fPUi) {d(ﬂ')(i_])v(kl +d(k)(i)g(kl}
k=2

)
+n(i)

where #(i) is the sample value for (/+1)th chip of ith bit,
d(i)=(-1""" H™ is the channel information matrix,
s""=[.v0(k) 5ifk) = Syenpifk)] is the chip sequence vector of kth
user, g™=[gy(k} ki - Sunenpafk)] 1s the interference vector
by ith bit of kth user, v(K)y=[vurki vi(k) -+ vynei(k)] is the
interference vector by (i-1)th bit of kth user and n"™=[r(k)
k) o myener(k)] represents additive white gaussian noise
(AWGN). The detailed expression is described in Appendix 1.
When the filter veclor is represented by f and it is assumed
that the first user is desired user, MMSE filter vector is

el

fyrise = arg min E[ld'(”(’-)—fTr(i)r]

t (5)
=R'H"s®

where R=E[r(i)r'(i)] is the autocorrelation matrix of the
received signal vector.

MMSE MUD is optimal in a sense of minimizing mean
square error. However, channel information is needed for
MUD and it has the high complexity in computing the inverse
of autocorrelation matrix. Therefore we propose the detector
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Fig. 2 The receiver structure of the proposed scheme
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having good the performance with a low complexity in section
Iv. ’

IV. THE PROPOSED SCHEME
Fig. 2 shows the structure of the proposed MUD. It is
applicable to only TH-UWB system with guard interval for
avoiding interpulse interference (IPT).
For selecting only the jth path of the first user, r{i) is
multiplied by the selection matrix for jth path My, 0= </’< [
(see Appendix 2). Each received signal vector y;(i) 0= j<L’is

¥, =M,r6)
— A fP(l)d(U(i}MjH(I)s(!)

N,
+ 3 VPEM, M (i -V 1 d (g™
k=2

+M;n(i)
In (7), the first part represents the jth path signal of the first
user, the second part the interference by other user and the
third part AWGN.
Each received signal vector yi(i) is passed by N,x 1 filter
fi ore- The jth filter output for the #th bit of the first user z,(i} is
f;'vi(i). The average S/NR of jth filter output, SINR, is

po ihj‘” 2 ijpmmefj

(6)

SINR, = %

f'R
Based on (7), for reducing MUI without the channel
information, the filter is designed with maximizing SINR.
Therefore the filter f; .., maximizing jth filter output is

f .. =argmax SINR, =R, p* (8)
r - Y

£ _po ‘h,mr ijpmmefj

vi7j

jopro
)

where Ry is autocorrelation matrix of yi(i) {see Appendix 3).

For channel estimation by exploiting £~ filter outputs, the
least square estimate method proposed in DS-CDMA sysiem
is applied [4]. This method used afler eliminating the
interference is efficient because it shows the performance near
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optimum in high SNR and it’s complexity is lower than any
other blind methods. The vector z{i) is defined as follows

. 7 {7) 7 (D) z, () r
2() =[ : Lol
f(;[.‘pm o flTprup(” flT—I.prop“) (9)

=PIV DAY + 1, () +n'(i)
where h“’={h}f” hL-_;-”’] is a channel vector of the first user
1'yui) represents the normalized MUI, n’(i) the normalized
AWGN. Because 1'y(i) is very lower than the signal power
of the first user (below 10dB in result of the simulation), {9) is
approximated as follows

2()) =V P d" (Hh™" +n'(i) (10)
By approximation, the channel parameter h™” can be estimated
simply by the method described in [4]. The estimated channel
vectorh Mis

h® = principle eigenvector of Rq)
1 g (1
where R = — > 2(i)z(j)"
i+1535

Based on the estimated channel information, the bit is
detected by combining filter outputs. In the case of MMSE
combining, a bit is detected as follows

if (RA™)Tz() >0

BV (i) = SOV (12)
if (R, h") (i) <0

In the case of MRC combining,

. it A"z >0

O @ (13)

. XL
1 it h"z@<0
MRC combining compensates only channel information
whereas MMSE combining additionally reduces the residual
interference. Therefore the performance of MMSE combining
is better.

V. PERFORMANCE ANAYSIS

A. Omput SINR

Output signal to interference and noise ratio (SINR) is
defined as follow

Quiput SINR
=the first user's power/ {14)
(the other users' power +the AWGN power)

Based on (14), output S/INR of the discussed MUD is
computed. First, output SINR of MMSE MUD. SINR st is

(0 M (MNT -1 [ PeY]
PP(HTs™) R, (H's™")
(1) (D (T -1 (1
- PP (HYs") R, (Hs)

Next, output SINR of the proposed scheme in the case of MRC
combining, S]NRPR()(MR(_‘) is

SINR jyor = (15)

P(l)“lufhmhufﬁm
nn’ £ (1) (Dp T (O (07 E (1)
h Rm)h —PYR"Y h'h" h
Finally, in the case of MMSE, S[NRPR()(A,MJSE) is
P(l)h(l) R;'h“)
1= PR RA®
With (15), (16) and (17), the comparison of .the

performance for the discussed MUD is attained through the
simulation.

SINRprosmey = (16)

SINR prosmssey = (17)

B. The comparison of the complexity for MUD

The complexity for each MUD is dominated by matrix
inversion. In computing the inversion matrix of the {(NxN)
matrix, the multiplication complexity of O(N') is required.
Therefore the complexity for each MUD is as follow
For MMSE MUD, the complexity is

O((NN,))

For the proposed scheme in the case of MRC combing,, the
complexity is
L'xO(N7})
For the proposed scheme in the case of MRC combing, the
complexity is

L'xO(N})+O(L”) (20)

The value of NN, is actually in the range of several hundreds
to thousands and the value of N, several tens to several
hundreds. Therefore, MMSE MUD is difficult to be realized
due to very high complexity whereas the proposed scheme is
possible to be realized with very lower complexity than
MMSE MUD. In case of the proposed scheme, the complexity
for MMSE combining is similar to that for MRC combining
since L is gernerally less than N

(18)

(19)

C. The simulation results

In simulation, the transmitted pulses use Gaussian pulse of
Ins duration. Muliipath channel uses cm! channel model on
final report of IEEE 802.15.3a [3] and N,=20, N;=6, L=20,
N=30. The chip duration is equal to the pulse duration.

In Fig, 3 and 4, the number of multiuser is 40, L =16, and

near-far (15dB) environment is considered.
Fig.3 shows output SINR of various detectors in multiuser and
multipath environment. The matched filter and the rake
receiver in the case of MRC combining show very poor
performance and they seem to be impossible to be used in
multipath and multivser environment. The rake receiver in
case of MMSE combining is better than previous detectors,
but can’t get the SINR over 10dB. In comparison, the
proposed scheme shows a good performance with low
complexity.

Fig. 4 shows mean square channel estimation errot. Because
of estimating the channel parameter after reducing MUIL. the
proposed scheme shows very smaller estimation error than the
conventional scheme.
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Fig. 4 mean square channel estimation errer vs SNR
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Fig. 5 Output SINR of the proposed scheme as varying L'

Fig 5 shows SINR of the proposed scheme with varying L . In
considering trade-off between the complexity and
performance,

L =5 or 6 is appropriale. Because this value corresponds to
root mean square (rms) delay of cml channel, it is appropriate

that L is selected by rms delay of multipath channel.

VI. CONCLUSION

The conventional detectors for TH-UWB system are not
appropriate in multipath and multiuser environment due to the
serious performance degradation.

We present a proper detection scheme for TH-UWB MA
system in multipath channel. First we apply the well-known
MMSE MUD. Then, we propose an improved detection
scheme, which has low complexity and can jointly estimate
channel parameter. The proposed scheme shows good
performance with low complexity and can estimate channel
parameter more correctly than conventional scheme. In
addition, in considering trade-off belween performance and
complexity, it is appropriate that the number of fingers in the
proposed scheme is selected by the rms delay of multipath
channel.

APPENDIX
A, Appendix |
) _ RS i i= N, +c o
v 0 otherwise
0, if 0<j<j
WO =350 o) i = N
EJ('fj;‘,"‘—lp(n —u )+ 5;51.:-)‘,;)(1{&)
if M <j<NN,-I
rfj, 2 A plu) 'gjii'.‘,“ﬂ\’,l\’rlp (7 —1),
g}h R ! . 0= l ) j.‘(‘l): (23)
""j—j,‘,*'+.\i5;v,_lp(7:: -u.), if =
0. if JP<j<NN, -

where the delay © | for k=1, ....N, associated to each user in

an asynchronous multiple access system is assumed as follows
T TAu™, 0 u<T,, 0< jM<N.N-]. And § =H™sW=
s W,z - .

[§ 07 5 mewer]). Finally. p (v) is

ax)= G]‘w(t —xw()dt
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n(i) = j n(w(t—iT, - jT)dt, 0<j<NN, (24
B. Appendix 2
For 1= KN, 1= <[-1

. s i I-DN +1<k<iN,
Mm—_k - (=N, +j f ( ) ¢ ¢ (25)
0 otherwise
[0 1]
1 0 0 0
1 0 0 ’
M =M, L | JdsjsLn o @9
0 0
1 0

C. Appendix 3

£ pro = arg :nax SINR, 27
When putting (11} into SINR,

. ijRv-(ilfj
f, oo = argmin{ — 'T‘ — -1}

f, P()‘hj| fj p( )p() fi
T (28)
: fi R}'j(i)fj
=arg min

T, () ()"
5, fj p( ip( } fj
After Ryj=L"L and v=Lf; are defined, put them into (28}

v, . =argmin viv
Jpro v VTL:rpmp(nT L'v (29)
1 Tt =
=L p - ij.]lrn
Therefore,
= — (1T 1D
fipro =arg fmax SINR, =(L'L)"'p
i (30)
_R pl
- Ryj(i)p
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