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A PDF Estimation-Based Iterative MIMO Signal
Detection With Unknown Interference

Nenad Veselinovic, Student Member, IEEE, Tadashi Matsumoto, Senior Member, IEEE, and
Markku Juntti, Senior Member, IEEE

Abstract—The equivalent diversity order of iterative minimum
mean squared error (MMSE) multiuser detectors for multiple
input multiple output (MIMO) channels is decreased if they aim
at suppressing unknown cochannel interference (UCCI) while
detecting multiple users’ signals. In this letter, we propose a new
MIMO signal detection scheme with the aim to preserve the
detector’s diversity order by estimating the probability density
function of the UCCI plus background noise. It is shown that
the proposed detector significantly outperforms the conventional
detector based on UCCI’s covariance matrix estimation.

Index Terms—Channel estimation, cochannel interference,
equalization, multiple input multiple output (MIMO), minimum
mean squared error (MMSE), probability density function (PDF)
estimation, turbo multiuser detection.

1. INTRODUCTION

TERATIVE low-complexity multiuser detection, equaliza-

tion and decoding principle based on soft cancellation and
minimum-mean squared-error filtering (SC/MMSE) [1] has at-
tracted a considerable attention in recent years. It is a suboptimal
solution to the prohibitively complex optimal joint multiuser de-
tection, equalization and decoding problems.

The SC/MMSE equalizer is robust against unknown
cochannel interference (UCCI) if the covariance matrix of
the UCCI is properly estimated [2] or subspace estimation [3]
is performed. To suppress UCCI, however, the both methods
unavoidably consume the degrees-of-freedom (DOF) supported
by the multiple antennas for MIMO signal detection, resulting
in decreased diversity order [3]. In fact, the available DOF are
used both for UCCI suppression and multipath combining. The
loss tends to be more severe in lower memory length frequency
selective channels, due to the lack of multipath diversity.

In this letter, we propose a new iterative receiver that can
preserve the diversity gain by estimating the probability den-
sity function (PDF) of the UCCI plus noise. It is shown through
simulations that the proposed receiver significantly outperforms
the conventional detector of [2] in relatively low memory length
channels.

The letter is organized as follows. Section II describes system
model. Section III presents the proposed receiver. Sections IV
and V present the simulation results and conclusions, respec-
tively.
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II. SYSTEM MODEL

The system model is shown in Fig. 1. The notations follow
closely those in [1]. Each of N + Nj users encodes informa-
tion sequence ¢, (i), n = 1,...,N+ Ny, i =1,..., BR with
R and B being the code rate and frame length in symbols, re-
spectively. Users indexed by n = 1,..., N are desired users,
and those indexedbyn = N +1,..., N + Ny are assumed to

’ ’

be UCCL The encoded sequences b, (k), k = 1,..., B are in-
terleaved, and headed by the user-specific training sequences of
length T'. The entire frame is then BPSK modulated and trans-
mitted through frequency selective channel with L paths.

After coherent demodulation in the receiver, the signals from
each of the M receive antennas are sampled in time domain to
capture the multipath components. The space-time representa-
tion of the received signal at time instant k is given in the vector

form by [1]
y(k) = Hu(k) + Hru; (k) +n(k), k=1,....T+B (1)

where y (k) € CLM is the space-time sampled received signal
vector and H is the channel matrix of the form

H(0) H(L—-1) ... 0

H=| : - :
0 ... H© H(L - 1)
€ CLMxXN(L-1)

with [H({)],,,» being the [-th path complex gain between the
n-th user and mth receive antenna. H; € CLMxNi(2L-1)
is channel matrix of the UCCI defined similarly to H, and
u(k) € CNCL=Y (k) € CMCL-D and n(k) € CIM
are vectors containing desired users’ signals, UCCI signals
and additive white Gaussian noise (AWGN) with covariance
E{n(k)n® (k)} = 021, respectively [1].

III. ITERATIVE RECEIVER WITH PDF ESTIMATION

First iteration: In the first iteration the proposed receiver is
exactly the same as conventional receiver from [2]. Let x(k) =
Hju;(k) + n(k). Let u(k), k = 1,...,T denote the vector
containing training sequences of IV desired users [1]. The sam-
ples u(k), k = 1,...,T are first fed to the channel estimator
to obtain the estimate H of H. After that the samples x(k) =
y(k) — Hu(k), k = 1,...,T are used to estimate the covari-
ance matrix of the UCCI-plus-noise using sample average given

by

x(k)%™ (k)

Ryx = HIHY +5%1 ~ “# =Ryx. (2

M~
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Fig. 1. Transmitter and iterative receiver block schemes.

Assume that the first user is of interest. In order to suppress the
known and unknown CCI components as well as the IST com-
ponents of the first user, the signal y(k),k =T+1,..., T+ B
is filtered with a linear MMSE filter [2] with welghtlng vector

wi(k) = [HHH—i—Rxx]_ h;, where h; = He; and

e = [O{L—l)N 1 ofy_, ] . The extrinsic information to
be passed to the decoder is calculated as [1]

W (! )y ()

N (k) = =S

T+B.
3)

Subsequent iterations: Soft feedback obtained after decoding is
concatenated with training sequences of desired users resulting
in the enlarged set of training samples u(k), k= 1,..., T+ B.
The channel is first re-estimated based on this enlarged set of
samples [4]. After that, the estimates x(k) = y(k) — Hu(k),
k=1,...,T + B are found. The soft cancellation is then per-
formed, resulting in CCI- and ISI-free signal of the first user
yi(k) = y(k) — Huy(k), k = T + 1,...,T + B, where
a3 (k) = u(k) — a(k) ® e1, and © denotes elementwise vector
product. At this point the conventional receiver of [2] uses the
enlarged set of samples x(k), k = 1,...,T + B to make the
estimate Ry, applies linear MMSE filter (see [2]) to the signal
y1(k) and calculates extrinsic information as in (3), with y; (k)
instead of y; (k). Unlike that, the proposed receiver uses first T
samples x(k), k = 1,...,T to make the estimate px of PDF px
of x(k) and uses maximum likelihood (ML) detection to calcu-
late extrinsic information

ot () — 1o PN (R) = +1)
R GO

k=T+1,...,

(31 (k) — hy)

= log
“)

Assuming perfect soft-cancellation the true PDF py is multi-
modal Gaussian, and it is given by

2P 1
px(a) 2DZzoGa—t ®)
where a = [ay,...,arm]T € CIM, D = (2L — 1)Ny,
pa(a) = (1/(2mo? )LM e(=a"a/20%) and vectors t; € CLM

depend on the entries of Hy. Instead of estimating parameters

Pe(y1(k) +hy)
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D and t; and using them in (5) to obtain estimate px!, we use
kernel-smoothing [5], [6] that approximates px directly with

(6)

(a x(k))
Z K== o2LM
where K;(a) = (1/(27r)LM)e(’a 2/2) is Gaussian kernel and
oy is the smoothing parameter [5] to be optimized. It will be
shown in the sequel that this choice of kernel gives an asymp-
totically unbiased and consistent PDF estimator [6]. It will also
be shown that receiver based on (6) does not require knowl-
edge of t; or Hy, and that even no exact knowledge of D is
necessary for satisfactory performance in a variety of scenarios.
To obtain the optimal value of oy we minimize the mean-in-
tegrated-square-error (MISE) between px and its estimate px,
where MISE is defined by [5]

R 050’ (ps) | Jgerw Ki(a)da

MISE(pz) ~ —2 ot - 3L1M 7)
where da = dRa1dSa; - dRapydSapy, o = [goru
(ﬂ%al)ZKl(a)da =1

2
2P 1

[(px) :/RQLM 3D Z T(pa,ti)| da ®)

and Y(pg,t:) = Y,21((0%pa(a—t:)/d(Ra,)?) + (9%pa

(a — t;)/9(Sa,)?)). From (7) the optimal smoothing param-
eter is found to be

(1/2LM+4)
00,0pt = ([TF(p,g)]_IZLM Kf(a)da)
R2LM
©)
with [o..n Ki(a)da = (4m) M. T'(px) can be upper

bounded by using Cauchy’s inequality as it was done in [6]
for the univariate case. After upper bounding we obtain that

I(pz) < T(pg), where T'(pa) = [gern [T (pa, 071)] da.
After some calculations it can be shown that

D(pg) = LM(LM + 1)(47) " FMg=2EM=4 (10
yielding a lower bound on o ¢
Go.0pt > 0 (0.5T(LM + 1))~ /2LM+D — S (par) (11)

Note that the result shown in [6] is a special case of (11) for
LM = 1. The estimate 69 = koy(LM) of o¢opt gives an
asymptotically unbiased and consistent PDF estimator for
ko € R chosen to be kg > 1, since limp_,., 09 = 0 and
lim7_, . T'6g = oo. For the univariate case, this was shown
in [6]. The simulation results given in Fig. 2 show a small
variation of the optimal value of &k with respect to L and Ny,
which proves that performance dependence on D is small.
Moreover, kg = 2 is a good choice to be used in practice. Note
that no knowledge of t; or H is needed for ¢ op¢ calculation.
We assume that the PDF in (5) remains the same for second
and subsequent iterations, which results in same optimal value
of kg for all iterations.

Since (4) contains sums of exponentials it can be imple-
mented using the Jacobian algorithm [7]. The complexity per
symbol of the proposed method is O(T LM ). The conventional
SC/MMSE receiver’s complexity is O(L3M?).

IThat method would have exponential complexity increase with D.
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Fig. 3. BER versus E;, /Ny performance, frequency flat fading.

IV. NUMERICAL EXAMPLES

The performance of the proposed receiver was tested through
simulations. Training sequence length 7" = 100, and data se-
quence length B = 900. It was assumed that fading is equal path
Rayleigh, constant over each frame transmitted, and it changes
independently frame by frame. The R = 1/2 convolutional
code with generator polynomial (5,7)s and LogMAP decoder
[1] were used for all MIMO users. The user specific random in-
terleavers were assumed. Least squares (LS) channel estimation
(see [4]) was used.

In Figs. 3 and 4, BER versus per-antenna Ej, /Ny is presented
for L = 1 and L = 2 cases, respectively. In both cases, the pro-
posed receiver significantly outperforms the conventional one
in the case that one or two out of three users are UCCI. This is
the consequence of the linear processing of the conventional re-
ceiver of [2], that does not take into account the actual structure
of the UCClI-plus-noise. Performance curve when all the users
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Fig. 4. BER versus E, /N, performance, 2-path fading.

are known and detected is shown for comparison (indicated by
“all known”). The performance is closer to the “all known” case
for I = 1 than for L. = 2 and for N; = 1 than N; = 2. This is
because the PDF of (5) becomes more scattered in the LM di-
mensional space with increased L and Ny. It means that fewer
samples x (out of T" available) effectively contribute to the es-
timate pz(a) of px(a) in (6), which decreases PDF estimation
accuracy. The increased M for fixed T also contributes to the
estimation inaccuracy due to the increased dimensionality of x
[5]. Its impact is, however, partly compensated by (11).

V. CONCLUSIONS

A PDF estimation-based receiver was proposed to preserve
the diversity gain of iterative SC/MMSE receivers for MIMO
multiuser detection in frequency selective channels in the pres-
ence of UCCI. It has been verified through simulations that the
proposed receiver significantly outperforms the conventional
covariance estimation based method in channels with low
memory length, where the degradation is more severe due to
the lack of multipath diversity.
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