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Abstract—In this paper we propose a new algorithm which
blindly identifies and equalizes a MIMO system, where all sources
are independently protected against errors by an LDPC-Code.
To this end the proposed method exploits statistical dependencies
caused by the channel code. In contrast to most common blind
source separation algorithms, the new method does not suffer
from a permutation ambiguity. Furthermore, if the channel
code is asymmetric, the suggested method delivers phase correct
estimates of the channel and the corresponding equalizer. The
performance of the presented method will be evaluated by
numerical results.

I. INTRODUCTION

Low density parity check (LDPC) codesare known for
their excellent error correction capabilitiesin context with
moderatedecoding compleity. As demonstratedn several
contributions,e.g.[1], [2], nearShannonimit performancean
be achieved by simple decodingtechniquesas e.g. the sum-
productalgorithm[3]. Due to the low numberof bits, which
have to be taken into accountin eachparity checkequation,
LDPC codesare alsowell suitedfor blind decowolution and
channelestimationtechniqueg4]. This paperaddresseshe
issueof blind systemidenti cation andequalizatiorof MIMO
systems.The proposedmethodexploits statisticaldependen-
ciescausedby a LDPC codein orderto blindly identify the
channeland simultaneoushadjusta linear equalizer

Most blind sourceseparatioBSS)methodsase.g.[5], [6]
are basedon the assumptiorof statisticallyindependentnd
non gaussiardistributed sources.The channelcausesa linear
superpositiorof thesesources.Thus, as statedby the central
limit theorem,the distribution of the channeloutputis more
"gaussian”thanthe channelinput. The key ideabehindblind
sourceseparationis to designblindly (without channelstate
information) a linear equalizerso that the equalizerrestores
the statisticalindependencéoy decorrelatingthe equalizers
outputand making it asless”gaussian”as possible.

This class of BSS methods suffers from a phase and
permutationambiguity with respectto the estimatedchannel
impulseresponsendthe correspondindinear equalizey since
the gaussiartarget criterion is invariant of a complex factor
and the equalizers outputscan not be uniguely assignedto
the sourceslIn orderto resohe the phaseambiguity several
contritutions[7], [8] have utilized asymmetricmappingcon-
stellations.We will showv that even with symmetricmapping

constellationthe phasecan be uniquely determined,if the
channelcodesatis es an asymmetriccondition. Furthermore,
the channelcode can be utilized to make eachlayer distin-
guishable.

This paperis organizedasfollows: In Sectionll the system
model will be presentedSince channelcoding plays a key
role for the proposedmethod,we will discussomerequired
propertiesof channelcodesand give somede nitions in Sec-
tion Ill. The presentealgorithmwill bederivedin SectionlV.
Finally we give numericalresultsin SectionV and conclude
this paperin SectionVI.

Il. SYSTEM MODEL
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System Model

As illustrated in Fig. 1, we consider a layered block
transmissionof Nt independenbinary data streamsb,,, 2
f0,1gY 1 of length I, wherem = 1, , Ny is the layer
index. After encodingeach layer independentlyby a linear
block encoderwe obtain

Cm = mOd(Gbm; 2)7 (1)

whereG 2 10,1g" %) is the channelcode generatomaitrix
with rate R. = I/K < 1 andc,, 2 f0,1gX !. Afterwards,
at eachlayer the resultingbits are permutedby

dm = Pmcmv (2)

where the permutationmatrix P,, 2 f0,1g% ¥ contains
exactly one nonzeroelementin eachrow and column. En-
coding and permutationcan be summarizedby the overall
generatomatrix G,, = P,,,G. Pleasenote, thatthe generator
matrix of a certain layer may coincide with any other but
the permutationmatrix of eachlayer shoulddiffer, in orderto
male eachlayer distinguishabldrom ary other



After mapping the bits into the signal spaceby BPSK
modulationassigningd ! 1 and1! 1, the channelinput
is given by

®3)

sm = Mapgpgk (dm).
This datacanbearrangedn thematrix S = [sy, y SNy
[s(1), ,s(K)]. Thesignalpasshrougha(Ng Nt) MIMO
channelwith Ng  Nr. Collecting N samplesat instancek
the channeloutput can be expressedas

]T

r(k) = Ws(k) + n(k) (4)

whereW = [w;, ,wy,|isthe MIMO channelimpulse
responsg(CIR) andn(k) 2 ™= ! js iid. white gaussian
noisewith covarianceEf n(k)n” (k)g = 021 ,.

I1l. CHANNEL CODING

Sincethey arewell suitedfor our purpose throughoutthis
paperwe considerregular low density parity check (LDPC)
codesfor channelcoding. A LDPC codeis characterizedy
a sparseparity checkmatrix H of dimension(L K), where
the numberof nonzeroelements2 in H is muchlower than
the numberof zeros.The numberof rows in H is at least
L K I andH hasrank K I. Therelation

mod(HG, 2) = 0 (5)

holdswith respecto the correspondingieneratomatrix. Due
to (5) the parity checksumequation

mod(Hc,2) =0 (6)

alsoholdsfor any encodeddatabit streamc = mod(Gb, 2).

A LDPC codeis calledregular, if thenumberof 1'sin each
row aswell asthe numberof 1's in eachcolumnis exactly
equal.Let p denotethe numberof 1'sin eachrow calledright
degreeand A the numberof 1's in eachcolumn called left
degree. Pleasenote that the set A of all valid code words
is uniquelyde ned by H, whereasseveral generatormatrices
exist ful lling (5).

Let H; = fx;1, , k1,,0 be the set of column indices
accordingto the nonzeroelementsn thei-th row of H. Then,
analogueto (6) for [ =1, L the parity checkequation

c(kip) =0 7

is satis ed, where is the XOR-operatorAfter mappingthe
bitsinto the signalspaceby BPSK (bit assignmenéasin section
II), the XOR-operatorcan be replacedby the multiplication,
i.e. the signalspacerep:(esentatiormf (7) is given by

s(k) =1.
k2H

c(ki,1)

(8)

Pleasenote that for ary nonmembeiof A the expectationof

the productbecomes
ny 0
E s(k) =0,
k2H

)

whereH is an arbitrary set of indices accordingto the null
spaceof the code. Since we aim to obtain phase correct

channelestimatesthe signalspacerepresentationf any valid
codevord should be unique independentlyfrom a comple
factor To this endthe channelcode shouldbe asymmetricas
statedin the following de nition:

Definition 1: A channel code is called asymmetric, if
the negation of an arbitrary valid code word is not a valid
codeword:

Obviously, a code is asymmetric if an arbitrary parity
checksumincludesan odd nhumberof encodedits, e.g.

c(1) (1) <2)

wherethe overbar denotesthe negation of the bit. Thus, we
can statefollowing theorem:

c(2) ¢3)=0, ¢(3) 60, (10)

Theorem 1: Let H be the parity check matrix of a linear
channelcode.If thereexists arow or a linear combinationof
rows in H suchthat the numberof 1's is odd, thenthis code
is asymmetric.

We call a codeto be strong asymmetric,if eachrow of H
includesan odd numberof nonzeroelements.Consequently
we restrictin the following to regular LDPC codeswith odd
p.
In the next section we make use of the following set
de nition: Let I(l, k) be the row of I-th nonzeroelementin
the k-th columnin H. After excluding k from H 7, the number
of the remainingelementsis even. Thus, the remainingpart
canbe separatedhto 2 equalsizedsubsetsH ;22) andH ;2;2).

IV. ALGORITHM

This sectionis separatednto two subsectionsThe focusof
rst subsectioris on the derivation of the proposedalgorithm
for blind equalizationand channelestimationwith respectto
a singlelayer, whereaghe secondsubsectiordealswith issue
of multilayer detection.

A. Blind Equalization and Channel Estimation

Sincein this sectionwe focus on estimatingthe equalizer
and the channelonly with respectto the m-th layer, for the
sale of clarity thelayerindex m is droppedin somenotations.

Lete2 ™= ! peanarbitrarylinear Iter unequalzero,

y(k) = e'r(k) (11)
be the lter output at the recever and q = W¥e be the
overall impulseresponseof Iter and channel.Furthermore,
assumehat H is the parity checkmatrix correspondingo the
generatomatrix G,,, of the m-th layer Selectingan arbitrary
1 in the parity check matrix H, e.g. the [-th 1 in the k-th
column, it can be shovn that the m-th column w,,, of the



channelimpulseresponséW weightedby somereal positive
factoris given by the expectation
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wheren(k) = effn(k) andg,, is the m-th entry of q.

Proof: Interchanging the order of products and sums
(12) can be rearrangedto (13) in the bottom line of the
next page,where M is the set of p-tupleswith cardinality
NE consisting of all layer combinationsof length p and
Hl(l w =fri1, kg0 Sincethenoiseis i.i.d, all elements
mcorporatmgnmsevamsh|n (13). Assumlngthat no parity
checksumis accidentallycaughtin v(m;, m,), dueto
(9) this term becomeseroand only the left term remainsso
thatrI

E r(k)
o 17

Y% 0

y(p) y (V) =wWnigmi” .
v2H (312
T,k

Y
(14)

Obviously, (14) is equivalentto the true channelcoefcients
w,,, correspondingo the m-th layer, which is weightedby a
real positive factor jg,,j? '. This factoris real and positive,
sincethe phaserotation causedby the productaccordingto
thesubset ¢ ;2 is compensately the conjugatedccounterpart

accordingto H' (2'2) . Recallthat (14) holdsfor (2 differentsets

Hl(llf andH (2;2) accordingto the numberof 1's in H.

In real applicationsthe expectationin (12) has to be
approximatedThis canbe doneby averagingover 2 different
equationsof this type, i.e.

R Y Y
I=1k=1 p2H (12 v2H (312
T,k T,k
= Wmngjp !
+ U‘(mla amp)ﬁ(mla 7mp) +ﬁ(k)7
VS

where (k) summarizesall partsin w,, incorporatingnoise

and
B 1 X Xy
,Myp) = = s,,;bw(fﬁm).
=1 k=1~v=1

o(1ha, (16)
Unfortunately in contrastto v(m,, ,m,) this term may
not becomeexactly zero. The remainingerror is weightedby
u(my, ,m,), wherethe power of this factordepend®n the
current lter adjustmentlf e is anideal linear equalizerwith

respectto the m-th layer so that ¢ = We consistsof exactly
asingleoneat positionm, thetermu(m., ,m,) becomes
zerofor (m1  m,) 2 M n(m  m). Henceareadjustment
of the lter e onthebasisof the currentchannelestimatemay
assistreducingthe impactof this error. Therefore we suggest
an iterative two-stepalgorithm,wherechannelestimationand
Iter adaptationare repeatedalternatelyuntil the algorithm
corverges.Let i be an iteration counter ey = |1, 17
be the initial equalizeratiterationi = 0, andw'?) anchannel
estimateof thei-th stepaccordingto (15). On the basisof the
channelestimatethe Iter' s coefcients can be adjusted.e.qg.
by the MMSE approachwith

@rrlwgr?v

&(it1) = (17)

P
where ®,, = 1/K |, r(k)r¥ (k) is an estimateof the
covariancematrix of the receve signal. In order to avoid a
bit over ow, €(;) shouldbe normalizedby
0)
e(i)q’r're(i)

(18)

The algorithmis summarizedn Tah |.

TABLE |
PHASE CORRECT BLIND DECONVOLUTION EXPLOITING CHANNEL CODING
(BDCC)

,1]T and the iteration counter

[y

Initialize ey = [1,
7= 0.
repeat
Estimate the channel by (15).
Update the linear equalizer by (17) and (18).
Seti=174 1.
end

[2N G2 BF GV \N]

B. Successive Interference Cancellation

In orderto deal with the completenumber of layerswe
proposea successie interferencecancellatiorschemeasillus-
tratedin Fig. 2. At the rst stagethe layerindex is initialized
to m = 1. As describedin the previous sectionthe blind
estimatordelivers equalizercoefcients aswell asan channel
estimatewith respectto the m-th layer After equalizing,
demappingdeinterleaing and decodingr(k), an estimateof
the information bearing sequenceb,,, (i) is obtainedat the
recever end. In orderto mitigate the in uence of the m-th
layer, the signal s,,,(k) hasto be reconstructedy encoding,
interleaving and mappingém(i) againinto the signal space.
The products,,, (k)w,, is subtractedrom r(k) andthe layer
index m is incrementedTheseprocedurewill berepeatedintil
all layersare processed.

V. NUMERICAL RESULTS

In our simulationsthe sourceswere encodedby a random
generatedregular (p, A\)-LDPC code without 4-circles. The
encodedsignal weretransmittedover an (4  4) block fading
channelwith i.i.d. zero mean complex gaussiandistributed
channelains.Fig. 3 andFig. 4 shavs the NMSE performance
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Fig. 2. Successive interference cancellation

versusthe E;, /N, ratio of the blind decowolution exploiting

channelcoding (BDCC), wherethe normalizedmeansquared

error (NMSE) betweenthe true and the estimatedchannelis

de ned by

kw,,
kw,, k2

In Fig. 3 the impact of the block length K on the NMSE-
performancas examinedfor (2, 3)-LDPC codes.The NMSE-
performancebene ts from large blocklength.All curvesin 3
shavs anerror oor athigh E},/Ny. Thelargertheblocklength
the more is the starting point of the error oor shifted
to high E;/Ny-value. However, the NMSE valuesare even
considerabldor block length K = 100.

In Fig. 4 it can be obsened, that the performanceof the
BDCC dependstronglyon theright degreep of the particular
channelcoding. The reasonmay be on the one handthat the
number of terms, which are accumulatedn (13), becomes
very high for large p and consequentlythe performanceis
very sensitve. On the other handalsothe impactof noiseon
the estimationmust be taken into account.For small p the
BDCC performsvery well.

In Fig. 5 the BER for eachlayer versusE;/Nj is plotted,
wherea (2, 3)-LDPC codewith a blocklength100 were used.
In orderto remove fadingeffects, in this simulationpower of
eachcolumnin the channeimatrix W werenormalizedIt can
be obsered that the latter layersbene t from the successie
interferencecancellationwhereadhe formerlayersuffer from

NMSE = (19)

multilayer interference Analogueto the obsenationin Fig. 3
alsohereanerror oor athigh E,/Ny-valuecanbe obsened.
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NMSE vs. Ey /Ny for (2,3)-LDPC code with block length K =
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Fig. 4. NMSE vs. Ey, /Ny for (2,3)-, (3,5)- and (4, 7)-LDPC codes with
block length K = 1600

V1. CONCLUSIONS

In this paperwe have derived an iterative algorithm, which
blindly identi es a MIMO channelexploiting the statistical
dependencieof the transmitted signal causedby channel
coding. The algorithm jointly updateschannelestimatesand
adaptsa linear equalizer In orderto perform multilayer de-
tectiona successie interferenceschemewas proposedlt was
shavn that the detectedayer canbe uniquelyassignedo the
sourceby properchannekodedesign.For asymmetrichannel

ny ) X ¥/2 N4 ny 0
WmJQme 'E Sm(k) + Win, Qe g E Sy, ("Q[ﬂ) (13)
k2H (1) =2 = =1
| {ZZ } GMi(m«‘«pvn) | ¢ {7ﬁ p/2+1 } | ’ {z }
=1 u(m, ,mp) v(mi, M)
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Fig. 5. BER vs. Ey /Ny for (2, 3)-LDPC code with block length K = 100

coding,the algorithmalsodeliversphasecorrectestimatesBy
simulationsthe performanceof the proposedalgorithm was
examined.The NMSE-performancestrongly dependson code
properties,i.e. the right degreeof its parity checkmatrix. In
the caseof a shortright degreethe algorithm performsquite
good.
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