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ABSTRACT modulus [7], and the approximation of propagation models such
as point source [5] or local scattering model [8].
In smart antenna system (SAS), the most compelling research In this paper, we investigate the spatial signature estimation

work is the space-division multiple-access (SDMA) which problem and present a subspace-based spatial signature
includes uplink source separation and downlink selective estimation algorithm by exploitation cyclic cumulant. Due to its
transmission. In this paper, we propose a satxs{based spatial signal selectivity, the algorithm is insensitive to Gaussian noise
signature estimation algorithm of cochannel multiuser signals by and interference not having the same characteristic with the SOI
jointly exploiting cumulant and cyclostationarity, and apply it to  (signal of interest), it also imposes few constraints on signal
multiuser signal copy in uplink SDMA. Our method constructs a structure or propagation environment. Based on estimated spatial
new matrix called spatial signature matrix (SS Matrix), and signature, we design a spatial filter bank for uplink multiuser
estimates multiuser spatial signature through the eigen- signal separation. Computer simulations show that spatial
decomposition of the SS Matrix. Based on estimated spatial response of the filter bank can be used to find direction-of-arrival
signature, a spatial filter bank is designed for cochannel (DOA) of the correlated multiuser signals. We also present a
multiuser waveform estimation. Computer simulations show that novel SDMA implementing scheme for multichannel multiuser
the spatial response of the filter bank can be used to find case.

direction-of-arrival (DOA) of the correlated multiuser signals.

2. PROBLEM STATEMENT

1. INTRODUCTION Consider L cochannel narrow-band user signdls; (t)}-; .

The use of antenna arrays at base station in wirelessSuppose these signals undergo flat fading channel, producing
communication system has gained much interest. Smart antenng p, L. delayed and scaled multipath signals impinging on an
systems (SAS) [1-5] proposed in the early 90’s, can be used to N
extend the range of the base station, reduce the cost of the baé\g
station, mitigate fading, and increase the system capacity and{61,6i2,--,p}5 - Assume that (AS1Ei (t) is a zero mean

performance. A smart antenna system consists of twonon-Gaussian process with non-zero fourth-order cyclic
fundamental operations: the uplink source separation andcumulant. (AS2): User signals are not fourth-order mutually

-sensor d spacing uniform linear array from direction

downlink selective transmission. cyclically correlated. And (AS3):
In flat fading channel [6], the time dispersion introduced by
the multipath propagation is small in comparison with the Tmp<<BW-1,7ar <<BW-1 (1)

reciprocal of the signals’ width (IS-54 always be the case). In
such case, signals from different paths of the same user ar
correlated, the channel between the users and the arrays may libe antenna array;y,, is the maximum differential delay due to

modeled as a single vector referred to as spatial signature Whid?'nultipath in the propagation medium, a@W is the signal

reveals the spatial differences between users. For TDD systeMyangwigth. Under above assumptions, the outputs of the array
the spatial signature captured during the uplink can be used fory o modeled as

downlink weight design. Since the spatial signature, which the is L

linear combination of steering vector of multipath signals, D=3 s (t D=AS(t)+N(t 2
contains sufficient information of DOA, and can be used directly X lea'  (DFNO=ASO+NO) @
in DOA estimation for downlink selective transmission in FDD - T )
system [3]. whereA=[&;,8,,--,a ] , S(t)s1(t).S2(t) ;s . ()], the ith

Recently, many researchers have studied and presented Spati@tl)lumn of A , denotes the spatial signature of the sigBd) .
signature estimation algorithms [4,5,7,8]. These algorithms are

based on signal structure such as finite-alphabet [4] or constant-A is modeled as constant during the observation period. The
spatial signatureg; is modeled as

é/vhere T4 IS the maximum transit time of a wavefront across
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whereg;, is the phase and amplitude differences betweeltlithe C% =ccunfx, (t),x (t),x(t),xT (t)}:A¢DE\T 9)
path and direct path signal of thth user.a(6i,) is the steering
vector associating with tHéh multipath, which has the following

form p=diagia; (2)/2, (1.2, (2)/a, )2, (2)/a, (D]
a0 )ALexpl2Aowr, ) exp{ 2oz, (M-D)T ) Obviously, the rank of spatial fourth-order cumulant mafgi&

where 7;=(d/c)sing, |, foand c are carrier frequency and is equal to L, if M>L. let {g=u,=--=u} and

wave velocity respectively. {vi.Vo,---v} be the eigenvalues and corresponding
Higher order cyclic cumulant can distiguish between

stationary / cyclostationary and Gussian / non-Gussian processe

To handle ) Symmetl’iC prObabI|Ity density fUnCtic.)n from the pseudoinverse matrix (ﬁg can be expressed as

sources of interest, we shall use fourth-order cyclic cumulant of

array output [9]. Fourth-order (zero-log) spatial cyclic cumulant e S 1 H

of anM-sensor array can be defined as [9,10] CL=2 4 ViV, (10)

C4 (i, 1,k 1) = coundx; ()X (0%, ()X ()} -

where D=diag[C4 s ,--Cis, |

gigenvectors of the matrixC§, respectively, and the

Now we define anMxM matrix referred to as the spatial
T4 [ ] signature matrix (SS Matrix)
=lim 2 E[{x ().}~ Ox, (1), 1)}

Toraizd c” =CsCy (11)
—-E{ xi[*] (t)xj (O}E X[k*] t)x )} Theorem: If A andD have full rankL, the diagonal elemen
(4] fox o [#] are not identical, then the SS matrix has litsnon-zero
—E{x " ()% ()} E{Xj(t)xl ()} eigenvalues equal to the diagonal elements off, and the
—E{Xi[*] t)x, (t)}E{xj(t)xL*] ()Y expCj2rat) (5) corresponding eigenvectors equal to the SSLo€ochannel
signals, i.e.
where (i,j,kNE12---M} ., {x O}, is M-sensor array Ca,&:,&¢ (12)

output,. ceum 1S cyclu; cumulant op.erator, selectablp ] Proof: The proof of the Theorem consists of the following steps.
determines the selection of the cyclic frequency, If Ed. (9) First. From Eq. (8), we know that

contains conjugates, baud rate is selected as cyclic frequency. On T
the contrary, four times carrier frequency is selected as cyclic DA'=(A"A)A'CY (13)

frequency [11]. we adopt the latter one in this paper. then substitute Eq. (13) into Eq. (9) yields

3. SPATIAL SIGNATURE ESTIMATION Ce=Ag(ATA)ATCY (14)
IN CYCLIC CUMULANT DOMAIN Combined Eg. (14) with Eq. (11), we can obtain that
From Eq. (2), the algorithm estimates tviddxM fourth-order

C4CFA=AH(ATA)ATCICIA
spatial cyclic cumulant matrixC§ and C$% [9,10] with . A ) t

CAMATAN-LATA _ A
elements =Ag(AA)TATA =Ag (15)
. The Theorem is proven.
CT (i, )=ceunix, (t).x, (t)x (t)'xj ()} Based on the above theorem, we can get SS estimation of
L . ] ] the L cochannel user signals through the eigen-decomposition of
:kzjlc4ysk a (Da (J) (6) SS Matrix C* for each given cyclic frequency . The theorem
o is an extension of DOA matrix method [12]. In a smart antenna
5 (i, J)=ccunix, (t),x, (X (©),x; (1)} system, usingVl-sensor uniform linear array, the algorithm can
. estimateM SSs forM cochannel signals. With the estimated
=2 Chs aDay (Dlay 2/a, ] (7)  spatial signatureA=A, the array output of the cochannel
k=1 multiuser signals can be represented as
where a (k) represents théth element of & .C%_is the X(t)=AS(t) (16)

4,si
fourth-order cyclic cumulant for thiéh user. In above derivation,  ynder ideal condition,X(t )only contains information of SOI
cumulant properties [CP1], [CP3], [CP5], and [CP6] in [11] with cyclic frequencya .
were used. We also use the fact that fourth-order cyclic cumulant
of a Gaussian noise are zero and the assumption (AS1). Collect

Eq. (6) and (7) fotl<i,j<M in matrix form [<M) 4. UPLINK SIGNAL SEPARATION

o_ T AT The goal of smart uplink is to separate multiple cochannel signals
C1 =ceurfxy (1).x, (Ox(t).x" (}=ADA (8) from array output with minimum crosstalk. Fig.1 shows signal



copy method in smart uplink. We regard the system as MIMO

system. In order to implement smart uplink, we design a spatial

filter bank W to recover cochannel multiuser signals, let
17)

where wi=[wi1,wi2,--,wim ]T is the spatial filter for théth user.

The output of the designed filter bank can be expressed in matri
form as

W=lwy,wy,w ]

User 1*

Antenna Array

recovered user signals

$1(1) O]

Fig. 1 The block diagram of uplink source separation

S(t)=W H X=W H AS(t)
Mg hp by || si(t)

_ ha1hgp---hyp || S5 (1)

=HS(t) (18)

hpahpo---hy | [sp(t)
where H is the response matrix of the spatial filter, and
hij =WiH€1j denotes théth spatial filterw; response to thgh

user signals; (t). To ensure correct signal separation without
crosstalkH must satisfy following equation

1, i=j;
hij :{O e
. 1#];
From Eq. (18) and Eq. (19), the relation between spatial filter
bank and the estimated spatial signature can be represented as

(19)

wH A= (20)
From Eg. (20), we can obtain
w=A*=[(AHA)AHH (21)

where A* represents pesudoinverse Af, H denotes tranpose.
With designed spatial filter bankV for SOls, we can recover
cochannel signal$(t from array outputX(t )i.e.,

SH=A"A) AT IX(®)

where §(t ) is the recovered signal vector

(22)
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Fig. 2 Spatial sighature estimation results for uder 1
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Fig. 3 Spatial signature estimation results for uder 2

5. SIMULATION AND ANALYSIS

In the experiment, an 8-sensor linear equispaced aperture whose
spacing is half wavelength is considered. The array output is
converted from center frequencfo (900 MHz) to frequency

fc, and quadrature sample with a ré¢e Two cochannel BPSK

user signals with baud ratefg impinge on the array,

{ 55, 35,10} and {1,0.8+0.2},0.4-0.66j} are DOAs

and propagation fading for wuserl#, SNR=10dB.
{ 20,25,45} and{1,0.34-0.7j,0.5+0.5] } are for user2#,

SNR=10 dB. Another BPSK inference signal with baud rise

impinges from direction {-5° } with carrier frequency
(900M+200K) Hz. SNR =10dB. The number of snapshots is
2000, fc=0.1fs fg=0.2fs, a=0.4fs. Fig. 2 and 3 are 30

independent spatial signature estimation results for 1%eand

user 2# | respectively. From which we can conclude that our
method can estimate spatial signature of cochannel users up to a
complex constant. Fig.4 shows 5 independent spatial response
estimates of the spatial filters for us& and user2#, from

Fig.4 (a) and (b), we can conclude that the peaks of the responses
correspond the DOAs of users, so DOAs of SOIs can be found
through spatial response of the filter bank. The responses at
direction {-5° }are weaker, this is the result of signal selectivity

of the spatial signature estimation algorithm. It is well known
that DOA may be the only reference that can be used for
downlink selective transmission in FDD system, Fig.5 present a



novel scheme to implement SDMA based on estimated spatial[13] Liang Jin, Qinye Yin. “Multi-user Optimum Beamforming
Institute  of

signature. For a thorough discussion of downlink selective
transmission, the reader is referred to [13]. The two user spatial
filters whose spatial response shown in fig.4 properly combined
array output to separated two user signals. Fig 6 shows the signal
separation results in which (a) and (b) are the constellations of

the recovered signals for uskt and user2# , respectively.

6. CONCLUTION

We present a new subspace-based estimation algorithm of spatial
signature and apply it to waveform estimation in a smart antenna
system. The theoretical analysis shows that multiuser spatial
signature can be estimated through decomposition of constructed
SS Matrix in cyclic cumulant domain. We also design spatial
filter bank to recover cochannel multiuser signals. DOAs of
correlated cochannel multiuser signals can be found through the
spatial response of spatial filter bank. Some computer
simulations demonstrate the performance of uplink signal
separation.

7. REFERENCES

[1] C. Swales, M. Beach, D. Edwards, D. McGreenhan. “The

Performance Enhancement of Multibeam Adaptive Base -

Station Antennas for Cellular Land Mobile Radio Systems,”

IEEE Trans. on Veh. Te89(1): 56- 67, 1990.

P. Lin, S. S. Jeng, G. Xu. “Experimental Studies of SDMA

Schemes for Wireless Communications,” Broc. |IEEE

ICASSP’ 95pp: 1760- 1763, vol. 3, 1995

G. Xu, H. Liu. “An Effective Transmission Beamforming

Scheme for Frequency-Division Duplex Digital Wireless

Communication System,” IfProc. IEEE ICASSP’'95pp:

1729- 1732, vol. 3, 1995

H. Liu, G. Xu. “Smart Antennas in Wireless System: Uplink

Mutiuser Blind Channel and Sequence DetectidEEE

Trans. on Signal Processing5(2) : 187-198, 1997.

S. Andersson, M. Millnet, M. Viberg, and B. Wahlberg.

“An Adaptive Array for Mobile Communication Systems,”

IEEE Trans on Veh. Teat0(1): 230 - 236, 1991.

J. G. Proakis. Digital CommunicatioNew York 1985.

D. Asztely, B. Otersten, A. L. Swindlehurst. “Generalized

array manifold model for wireless communication channel

with local scatter,” INEE Proc. Radar, Sonar Navid 45

(1): 51-57, 1998.

B. Shynk, R. Gooch. “The constant modulus array for

cochannel signal copy and direction findin¢fFEE Trans.

Signal Processingvol. 44, no 3, pp: 652-660, 1996.

W. A. Garderner, C. M. Spooner. “The Cumulant Theory of

cyclostationarity Time Series, Part I: FoundatiolEEE

Trans. Signal Processing995, 42(12): 3387-3407.

[10] S. Shamsunder, G. B. Giannakis. “Signal Selective
Localization of NonGaussian SourcedEEE Trans. on
Signal Processingd2 (10): 187-198, Feb., 1994.

[11] J. M. Mendel. “Tutorial on Higher-Order Statistics in Signal
Processing and System Theory: Theoretical Result and
Some Application,” IrProc. IEEE 1991, 79(3).

[12] Y. Yin, R. W. Newcomb. “Estimation 2-Dangle of Arrival
via Two Parallel Linear Array,” In Proc. IEEE ICASSP’89,
pp: 2803 - 2806, vol 3, 1989

(2]

(3]

[4]

(5]

[6]
[7]

(8]

9]

in  Smart Antenna. Journal of China
Communication,” 19(6): 13-19, June,1998.

a ™ T
R ERVAVAT RV
§ Lo \V/ \’{\N\u{ \Vr\;\/,\g S~
3] il i i
LY
40 il L
55 -35-20-5 10 30 50
DOA /Degree
a ° I ]
® TR YA
- T (O
N N AL WA A Y
3 A\VARRART AN P
: L \
o } } . )
w30 i i
) i i
0 -55 -35-20 -5 10 30 50
DOA / Degree
Fig. 4 Spatis| frequency responses for use((a))
and user'Z(b))
Sensor 1% Sensor M
Y Y antenna array
Array stimulus and output
basband 414 . gt
e < n signal [ ?((t))
-beam L2
downlink :estimation igg’lvliAnk >
selective N o
transmit 4'9L,t1 SDMA processor a5 (1)

downlink information

Fig. 5A novel scheme for implementing SDMA

2
(a)
g or S .3
E
-2
-2 0 2
Real
2
o (b)
S 0 > -
E
-2
-2 0 2
Real

Fig. 6 The constellation of recovered two cochannel
signals for usef 1(a)) and user?((b)).



