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Abstract—In this paper we address the decoding problem in Blind Source Separation (SBSS) model when the 1A scheme
the K-user MIMO interference channel assuming an interference js employed. Then, we demonstrate the ability of the SBSS
alignment (IA) design. We aim to decode robustly the desired \qpjem to separate the desired signal from the interferenc

signal without having a full Channel State Information (CSI) (i.e. L . L
precoders knowledge) at the receivers. We show the equivalenc through a joint diagonalization of the fourth-order cunmila

between the IA model and the Semi-Blind Source Separation Matrices [9]. The separation ability is due to the existing
model (SBSS). Then, we prove that this equivalence allows theindependence between the desired signal and the inteckeren
use of techniques employed in source separation for extracting The joint diagonalization is able to extract the desiredastrs
the desired signal free of interference, even though dependeyic plindly up to a permutation and scaling ambiguities. These
exists between some components of the source signal in the SBS biquiti led usi few traini bol ithi
model. Our simulation results illustrate a BER performance very ambiguiues r.;lre revealed using a tew ralnlng.sy.m ols withi
close to the MMSE receiver with full-CSI. each transmitted frame, hence, the term semi-blind comes by
One proposed application of our framework is the commu-
nication betweeri< base stations (BS) and end-users in the

. . i downlink mode assuming an |A design. The transmission is
Interference Alignment (IA) is an interference managemefts med in TDD mode. The channel is estimated at the BS

strategy that gims to achieve the Degreeg of Fregdom (Dofg ng anN;-length uplink reference signal sent from the users
pf the_K-user mterference channel (IC). Th_ls technique res“'é%suming a reciprocal channel, that is supposed constant du
in a linearly scaling network sum-rate with the number qfg one frame transmission. This strategy is employed in the
users sharing a common transmission medium. Its basic 'dﬁﬁD-uplink transmission scheme in the 3GPP-LTE network
is & joint design of all transmitted signals such that i®BMg 116 Another strategy that can be used is when each user
S|gnals at. each receiver overlap and remain distinct froen tbstimates the channels connecting him with the BS, and feeds
desired signal [1], [2]. In &-userM x N MIMO systém, i pack quantized to them BS. The reliability of this strateg
where M/ and N are the number of the transmit and receiVgepends on the channel estimator at the receiver, the channe
antennas, respectively, the feasibility of the IA desigrs hq aniizer, and the feedback link quality. Research works ca
been stud_led [3], and d|_str|buted IA-ach|eV|pg algorithimase ried out, e.g. in [6], and have studied the 1A achievabiligng
beep de,”VEd such asin [5]. These .algonthms are bqsed @limited feedback link. They have defined a channel quantize
an iterative processing at the transmitter when the ful-8S o1 the composite Grassmannian manifold, that achieves a
provided, and on information exchange with the receiverwhe, pof in the IC when the feedback bit rate scales suffidjent
only the local CSl is provided. _ fast with the SNR. In our study, we assume an lA-achieving
In this paper, we address the decoding problem when an agign  our simulation results highlight the robustnesthef

design is employed at the transmitters. That is, the intiede ron0sed decoding strategy when both perfect and imperfect
signals are aligned in a subspace linearly independent Iﬂfdesign hold at the transmitters.

the desired signal subspace. The traditional linear desode _ | ) ] )

estimate the decoding matrices, defined as the interferarice 1S Paper is organized as follows. In Section I, the
space, using Least Square (LS) method essentially based®§iUmed MIMO IC is described. A BSS model associated to
a training sequence within each frame. Our work concerniffg® MIMO IC is given in Section IIl. In Section IV, we show
the decoding scheme pursues a different approach. The nif apility of the joint diagonalization technique to deeatle
contribution consists in separating the desired signarmfrod?s'red S|gn<_':1I. The simulation results are shown in Sedtion
the interference using higher-order cumulants, and then fRinally, Section VI concludes the paper.

desired signal is identified using a few training symbolsisTh Notations: Boldface upper case letters and boldface lower
approach has the advantage of allowing to decode the receicase letters denote matrices and vectors, respectivalyhEo
signal even when the number of training symbols is low, arichnspose, transpose conjugate and conjugate matrix we use
results in a more robust decoding scheme for a same training, (.)” and(.)*, respectively|.| and||.|| denote the modulus
sequence length. We first show the equivalence between tfiea complex and the norm of a vector, respectivélyis the
MIMO IC model proposed herein and a determined serstatistical expectation operator.

I. INTRODUCTION



Il. SYSTEM MODEL the (N — d)-dimensional interference subspaces at recdiyer

) A . . X . r7k . . Tk
We consider ak-user quasi static IC with transmit- -€- Hj for j € {1,--- . K}, j # k are all spanned by} .
receive pairs withN antennas at each side of the link aAlhus, using the lemma above, the interference subspaces can
. _ o
given transmitter intends to have its signal decoded by glesin P& €xpressed in terms @7 as
dedicated receiver. The received signal atifiereceiver node _ _H o N\NTL w
and at instant is given by HJI'CSJ' = Hjsji(), s;i(l) = (H}C H?) Hj Hfsj(l)-

“4)

yp(l) = HkakSk(lHZ H;,;Vis;()+z,(l), L =0,---, L—1 Substituting (4) into (3) yields fot=0,--- ,L — 1

£k — ke

’ @ ye(l) = Hfsp(l)+ Hfs,(1) + 2 (1)
wh(_areL represents 'Fhe frame Iengt};ij € C_NXN is the — [ﬂllg ﬂﬂ IE20) gw)]t + zi(1)
fading channel matrix between thg" transmitter and the — Buse(l) + z(]) (5)
k" receiver,V; € CN*4 is the precoding matrix at the koK RS
j'" transmitter, andgy, (1) € CV*! is the circular symmetric where s, = (si7+ -+ Sg—1)1 + Sgr1)r + -+ + Sk1),
complex Gaussian noise vector at thi& receiver, with i.i.d. B € CV>*¥ is a full rank matrix that spans the union of the
components; i.ez, ~ N.(0,Iy). {s;() € M1l = desired and the interference subspaces,st is the N x 1
0,---,L—1} represents thé streams from thg*" transmitter source vector consisting af desired streams andV — d)

during anL-symbol duration interval. The symbols sef are interference streams. (5) gives the formulation of a linear

supposed i.i.d. from a finite constellatiovf. The decoding is determined BSS problem where av-length source vector

over one frame, in which the channel is supposed unchangég.is mixed by an unknown mixing matriB; to produceN
The K precoders are jointly designed to satisfy the IAnixture signalgy, observed fromV sensors. The BSS aims at

conditions, which can be achieved using different sol&idj), separating the original streams from an observed sensay arr

[5]. At the receiver side, the intended signal can be re@merwithout knowing the transmission parameters.

by projecting the received signal on the interference rpake.

The I* decoded signal vector is given by IV. EXTRACTION OF THE DESIRED SIGNAL USINGBSS
Ge(1) = UpHys Viesi (1) + Z U Hy,;Vis;i(1) + Upzi(D), A. Desired signal Extraction
2k The BSS standard model is defined as
(2)
where U, denotes the decoding matrix that we aim to y(l) = As(l), 1=0,---,L—1 (6)

the transmitted streams, and we seek at each receiver for jy@nt variables (1) € C¥*! is the observation vector, and

decoding matrix that maximizes the statistical independeng ¢ cNx¥ js a full rank unknown mixing matrix. The BSS
between the components of the mixed received signal. Thegehnique seeks for the demixing matiix that maximizes
we introduce a few training symbols in order to remove th@e statistical independence between the estimated cenfon

scaling and the permutation ambiguities. §(l) = UAs()VI. For the sake of the simplicity, the time
index will be ignored in the remaining of this section.
I1l. FROM THE FADING INTERFERENCE CHANNEL TO A It is shown in [7] that, under mild assumptions, the esti-
BSSMODEL mated variablesg are similar to the original sourcesup to
This section is dedicated to the definition of a linear BS& Permutation and scaling by a constant, i.e.
model from the MIMO IC model, assuming an IA scheme UA = PA, @)

at the transmission side. Such model is required for the _ _ _ _ _ _
application of linear BSS techniques. Before going intadet Where P is a permutation matrix and is a diagonal matrix.
let us recall the following lemma from linear algebra The previous section shows that the MIMO IC model in (5)

Lemma 1. Let A; € CV*" and A, € CN*" (N > p), Is similar to the BSS model except that some mutual depen-
where rankA;) = n and rankA,) = m, (m < n) and dencies exist between some components;of= [sh §Z]t.
sparfA,) C sparfA;). Then, for everys, € C"*!, 3 s, ¢ The firstd components ofs; are mutually independent and

Cn*! such thatA,s; = Asssl. represent the desired streams. The—d)-components, are
In the adopted transmission model, the received signahgivéutually dependent and represent the interference pais. Th
in (1) can be expressed as situation of dependent sources has been considered irincerta
B B recent studies, e.g. [10], [11]. Next, we show how to only
ye(l) = Hfsi() +> Hys;()+zr(l),  (3) extract the desired signal using the method JADE.
Desired signal i#k
Interference signal B. Joint Approximate diagonalization of Eigenmatrices

where I_{j’? = H,,;V;. Assuming the IA conditions are sat- JADE is a well known statistical technique for solving linea
isfied, and letH¥ € CN*(N=4) denote the matrix spanningdetermined BSS problem. It is based on the fact that thetfourt
order cross-cumulant of independent variables are zefass, T
1This is also valid for the case when andsy € CN*L demixing a received mixed signal as in (6) involves looking
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for the decoding matrix that makes the fourth order cross- 10° : : , } —
cumulant null [13]. We summarize the steps of the algorithm ; ; | +Fastica
JADE as follows (for further details, the reader can refer to 5 -MMsE
[9D)

1) Step 1: Compute the whitening mat# as the inverse 3 ST ~, ~,
square root of the sample covariance matrix of the S ' '
received data. As shown in [9)} transformsA into a - B g
unitary matrix F = W A. , , \

2) Step 2: Form the sample 4-th order teds@. of the 107 : s % 2% a3
whitened dataz = Wy SNR [d8]

3) Step 3: Compute théV most significant eigenpairs of
Q.: {)\n’ Mn|n =1, 7]\]} Fig. 1. BER performance comparison usindg = 8 training symbols

4) Step 4: Perform the approximate joint diagonalization ¢ FastiCA: decoding scheme that uses FastiCA as BSS technique.

; 1 ; ; o LS: the MMSE-based decoder with LS-CSI estimation.
of matrices{An Mx|n =1, , IV} by & unitary matrix « MMSE: the MMSE-based decoder with perfect CSI.

U
5) Step 5: An estimate of the source vectosis- U z
JADE has been proved able to separate the original streans training sequence foj € {1,---,d}, and §; is the it
when all streams are statistically independent. Let us nQWtimated independent stream witk {1,--- ,d}. We define

demonstrate that even in the presence of some mutually depgg Normalized Minimum Mean Squared Error (NMSE) as
dent components, as in (5), JADE is able to separate the nutua

!ndependent streams. For our conS|der§d pro_blem(,]the d) NMSE(4;, z;) = logyo |1 — |A ‘z J . 9)
interference sources are dependent in which case we can IESINEZ
easily show that the set of matticefh, Maln =1, - , N} The ambiguity on the permutation order is solved by minimiz-

are not anymore jointly diagonalizable but are jointly tec ing the NMSE according to the training sequence

diagonalizable. In other words, for = 1,--- , N, we have
the following joint matrix structure: argmin NMSE(§;, x;), (20)
i,5€{1,---,d}
Mn 1 0 H . . .
AnMy, = F 0 M, F (8) Next, the scale ambiguity can be solved by seeking for the
_ " complex variablea that minimizes the MMSE between the
where M, are d x d diagonal matricesM,, > are (N —  estimated variables and the training sequence
d) x (N —d) unstructured matrices anl = W A. In [14], it )
is shown that the joint diagonalization algorithm used ia th MMSE = E [|a 8 — x| } . (11)

standard BSS method JADE can be used as well for the jo
block diagonalization of a set of matrices. Consequently, t
final transformation given by the whitening matrix and unjta
transformU leads to:

jﬂ%el x Ny vectors; used in (9), (10), and (11) is formed by
the first V, estimated symbols of the streasy.

1())1 1()) wait for all samples within one frame. Therefore, the awhor
2 in [15] have proposed an adaptative semi-blind high order

whereD; is adxd diagonal matrix and, a(N—d)x(N—d) separation technique. This technique can be adapted to our
given matrix. Hence, the first entries ofs = Uz represent case since we have showed that the dependency between inter-
the desired source signals while its remainiNg— d entries ference streams does not affect the desired source egtracti
represent linear mixtures of the (non-desired) interfeeen2) As shown by our simulation results, the semi-blind apphoa
signals. results in a slight performance loss as compared to the atdnd

Another BSS technique is the iterative FastICA. This tecldata-aided) MMSE. However, it is shown in [12], that in such
nique is characterized by its low computational complexityases one can compensate for this performance loss using a
and fast convergence. It also performs close to the JADE decision-directed MMSE detection in a two step approaah, th
terms of robustness [8] (see section V). first step being the semi-blind approach proposed prewousl
(see [12] for further details).

Remarks: 1) The proposed technique requires the receiver to
UWA = [ }

C. Semi-Blind separation

The ambiguities on the scale and permutation of the esti-

mated streams are solved thanks to a few training symboldn this section, we evaluate the Bit Error Rate (BER) of
inserted within each data frame. We denmt]ee (C1><Ns the the JADE and FastICA in 8-user4 x 4 MIMO IC with an
IA design. The IA scheme is achieved using the distributed

®The entries of@. are given byQ.(i,j, k1) = cum(z;, 27,2, %) iterative solution proposed in [5]. Each user senbs= 2
where cum refers to the fourth order cumulant and is the complex  qata streams. The symbols are QPSK modulated. The channel
comjugate of the — th entry of z. . . . . .

3By using the structure of). in [9], one can directly obtain the matrix 1S SUppOSEd flat fadlng Raylelgh distributed, and remains
structure in (8). This derivation is omitted due to space Hiin. constant over one frame with length= 2000 symbols.

V. SIMULATION RESULTS
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Fig. 3. Effect of the IA imperfection on the BER performantg = 8

where Ey; is the channel estimation erraf &, j. The coef-
ficients of Ey; are symmetric complex Gaussian distributed
with zero mean and? variance. In Fig. 3, the BER perfor-
mance of both LS and JADE methods is illustrated in presence
of a channel estimation error. It can be observed that in the
region wheres? /o2 < 10dB, both of the decoders results in

a degraded BER. However, our proposed decoder outperforms
the LS: i) beyondo?/0? = 10dB when SNR=12dB, ii)
beyond i /o2 = 14dB when SNR=16dB, and iii) beyond

o7 /o2 = 21dB when SNR=20dB.

VI. CONCLUSION

In this paper, we have adressed the problem of detection
in a MIMO IC system using IA scheme at the transmitters.
The problem has been formulated as a semi-blind source
separation problem, and the ability of the joint diagoratlan
technique (JADE) has been shown to extract the desired
streams. Training sequence has been introduced to solve the
permutation and scaling ambiguities. The proposed scheme
performs close to full-CSI MIMO IC-IA schemes. We have
also showed by simulations that it outperforms the tradélo
MMSE using LS for CSI estimation method with a same
training sequence length.
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