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Abstract: Crosstalk between neighbouring wire pairs in multi-pair copper cables is an important disturbance, which
essentially limits the transmission quality and the throughput of such cables. For high-rate transmission, often
the strong near-end crosstalk (NEXT) disturbance is avoided or suppressed and only the far-end crosstalk
(FEXT) remains as crosstalk influence. In this contribution the effect of far-end crosstalk (FEXT) in iteratively
detected MIMO-OFDM transmission schemes is studied. EXIT (extrinsic information transfer) charts are used
for analyzing and optimizing the convergence behaviour of the iterative demapping and decoding.

1 INTRODUCTION ble binders as MIMO (multiple input multiple out-
put) channels, FEXT in multi-pair copper cables can

The local cable network substantially ensures the P& Seen as a possible application for MIMO tech-
fixed subscriber access to telephone and data serlliques. From broadband radio transmlssmn channels,
vices. For the most parts this fixed access network it IS Well-known that MIMO techniques are able to
consists of multi-pair symmetric copper cables, where 0vercome the limiting factor of multipath propaga-
based on electromagnetic coupling, electrical energyt'on kpown from 5|'ngle-carr|er 'gransm|55|on schemes
passes over from one wire pair to adjacent ones and(Raleigh and Cioffi, 1998; Raleigh and Jones, 1999).
crosstalk arises, if the signals in the distinct wire Powerful coding algorithms are used in wireline
pairs lie in the same or at least in overlapping fre- transmission systems. As an example it should be
guency ranges (Valenti, 2002). Crosstalk as an elec-mentioned, that in both voiceband modem technol-
tromagnetic coupling between adjacent wire pairs is 09y as well as in the latest VDSL2 (very-high rate
one of the most limiting disturbances in local ca- digital subscriber line) systems (ITU-T Recommen-
ble networks. Thereby near-end crosstalk (NEXT) dation G.993.2, 2006), trellis-coded modulation is
and far-end crosstalk (FEXT) occur in bidirectional used. Against this background, the novel contribu-
driven cables (Valenti, 2002). Since the NEXT is a tion of this paper is that we illustrate the effect of
very strong disturbance (Valenti, 2002) several tech- FEXT in iteratively detected MIMO-OFDM trans-
nigues have been developed in order to avoid or sup-miSSion schemes, whereby both the uncoded as well
press NEXT (Honig et al., 1990). In this case only asthe coded systems are restricted to supportthe same
the FEXT remains as a crosstalk influence. Often user data rate within the same bandwidth. The per-
short cables are used in high-data rate systems in fixedformance investigations are carried out by computer
access networks, e.g., optical fibre transmission is Simulations and confirmed by EXIT (extrinsic infor-
used up to a street cabinet or a building and the last mation transfer) charts (Brink, 2001).

drop is bridged by copper cables. Interestingly, in- The remainder of this paper is organized as fol-
vestigations in (Lange and Ahrens, 2005) have shown lows: Section 2 introduces the cable characteristics
that the FEXT impact is much stronger in short ca- and in 3 the FEXT impact is analyzed. In 4 the
bles than in longer ones. Considering cables or ca- multicarrier MIMO system model is introduced and
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the performance metrics are given. The channel en-and Ahrens, 2005). Therefore at this point the length-
coded MIMO system is introduced in section 5, while dependency of the FEXT is investigated in an exem-
the computation of the EXIT transfer function is pre- plary system according to Fig. 1. For simplicity of
sented in section 6. The associated performance re-calculations, this length dependency of the FEXT is
sults are presented and interpreted in Section 7. Fi-investigated by means of a baseband system.

nally, section 8 provides our concluding remarks.

Uql(t) Gs(f) Usl(tz Gk(f) Ukll(t')r:r\ Uklc(,t)
2 CABLE CHARACTERISTICS T e ()
Ge(f
The distorting influence of the cable on the wanted ba(t) e (t) #(f)
signal is modelled by the cable transfer function a2 Ge() 2>\ Gu() 3
_ - f
Gk(f)=e Vit ) 1) Figure 1: Model of transmitter and cable with FEXT (ex-
ample:n=2).

where | denotes the cable length (in km) and
fo represents the characteristic cable frequency (in
MHz - km?) (KreR and Krieghoff, 1973).

The far-end crosstalk coupling is covered by the
transfer functiorGg( f) with

It is assumed, that each wire pair within the cable
is feeded by a system with identical mean properties
with respect to transmit filtering, pulse frequency (or
symbol rate)fr = 1/Ts, the numbers of signalling
IGE(F)[> =Kg-1-f2, (2)  levels and the mean transmit pow¢. The source
signalsug(t) andugo(t) traverse the transmit filters

wherebyKg is a coupling constant of the far-end i the transfer functiorGs(f). Then the wanted

crosstalk, Wh'c.h depends on the cable properties SUChy 3 nsmit signalis1(t) passes the cable and causes the
as the type of isolation, the number of wire pairs and signal U1 (t) with power Peay at the cable output,

the kind of combination of the wire pairs within the ; ;

. . ) . 4 . Whereas the FEXT signak1(t) (with power P21)
blnc;jers (Valen, 2802' Galli and Kerpez, 2002a; Galli originates at the cable output, after the transmit signal
and Kerpez, 2002b). Us2(t) in the neighbouring wire pair passed through

If the far-end crosstalk from several neighbouring both, the FEXT coupling and the cable transfer func-
wire pairs is considered, with increasing distance of tion (Fig. 1). The power

the disturbing wire pair from the considered pair in a

cable the impact of far-end crosstalk decreases. Con- 2_ 17

sideringng FEXT-disturbing wire pairs, in conformity P11 =U2Ts——— / |Gs(f) - G(f)>df  (4)
with cable measurements, this behaviour can be mod- 3 oo

elled by (Valenti, 2002 )
y( ) of the wanted signali11(t) at the cable output de-

Kr= n%ﬁ- Kr1 , 3) creases monotonically with rising cable length, since
with increasing cable length the lowpass effect of the
cableGy(f) becomes stronger and hence the area be-
low |Gs(f)-Gk(f)|? decreases. From a practical point
of view the power

whereKg; is the FEXT coupling constant for one dis-
turbing wire pair. By (3) it is taken into account, that
the wire pairs, which are located farther away from
the considered wire pair contribute less to the FEXT
disturbance than the wire pairs, which are located 2.1 +o0
closer to the considered wire pair (Kalet and Shamai B ,; =U2TZ——= [ |Gs(f)-Gg(f) -Gk (f)[>df (5)
(Shitz), 1990; Valenti, 2002). 3/
of the FEXT signali,1(t) at the cable outpubg = 1)
is an interesting indicator for the strength of the FEXT
3 FEXTIMPACT disturbance. In general, this FEXT power depends on
. . the frequency (i. e. signal bandwidth) and on the cable
Since in the copper access network on the one handlength, becausé(f) andGe(f) are functions of the

very short copper cables are used (e.g. in fibre to :
the cabinet or fibre to the building architectures) and frequencyf and of the cable length Figure 2 shows

on the other hand also longer copper cables are ap- 1in this contributon a power with the dimension

plied (e.g. in rural areas) it is of interest, how the (voltage? (in V2) is used. At a real, constant resistor this
far-end crosstalk depends on the cable length (Langevalue is proportional to the physical power (in W).
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Figure 3: Signal-to-FEXT-interference rapgy as a func-

Figure 2: FEXT poweP»; at the cable output as a function .
tion of the cable length (parameterng).

of the cable length (parameter:g).

the mean FEXT power (5) at the cable output de- to the numbemne of disturbing wire pairs inGg(f)
pending on the cable lengthwith root-raised cosine  described in (3). Figure 3 shows the SFHRy as a
transmit filtering (roll-off factorr = 0.5) (Proakis,  function of the cable length at a fixed bit ratefgf=
2000) and the exemplary parametBgs= 1V?, s= 2 100 MHz (andPs = 1V?, s= 2) for different numbers
and Kg; = 2.6248. 10*17(H22 -km)~1 for different ne = n— 1 of disturbing wire pairs. With increasing
bit ratesfg = fr-10g,(s). At a fixed bit rate (fixed =~ numberng of disturbers the FEXT power increases
required bandwidth) the FEXT pow&»; only de- and therefore the SFIR decreases. Since the FEXT
pends on the cable lengih At very small cable power (5) has a local maximum and the wanted signal
lengths firstly the FEXT power increases, since the power (4) decreases monotonically with respect to the
FEXT coupling according to (2) rises with increas- cable length, a minimum occursin the SFIR function
ing cable lengtH. A maximum in the FEXT power  according to (6).

arises at relatively low cable lengths (belovi2 Rm), In particular for short cables the FEXT impact
because the FEXT power according to (5) @a(f) is very significant. Therefore especially in the case,
rises with increasind and overGi(f) it decreases  where short copper cables are used the exploitation of
with increasing cable length i.e., there is a depen- FEXT may be useful in order to improve the trans-
dency of the FEXT power (5) on the cable length mission quality.

in a opposite direction. At high symbol rates the

transmit spectrum is getting broader and this causes

a higher maximum in the FEXT power compared to

lower pulse frequencies (smaller bandwidth), because4 MIMO-OFDM SYSTEM MODEL

the FEXT coupling (2) rises with frequency. The ca-

ble length, at which the maximum occurs, decreasesNow a whole cable binder is considered as a transmis-
with increasing bit rate (increasing bandwidth of the sion channel with multiple inputs and multiple out-
signal), because the lowpass impact of the cable takegouts (MIMO). The considered cable binder consists
already a higher effect on a shorter cable. of nwire pairs and therefore a,(n) MIMO transmis-

In order to assess the effect of far-end crosstalk sion system arises. The mapping of the transmit sig-
on the wanted signal not only the pure FEXT signal nalsusy(t) onto the received signalg(t) (with p=
power is of interest, but rather the behaviour of the 1,...,n) can be described accordingly to Fig. 4. On
powers of the wanted signal and the FEXT signal to each wire pair of the cable binder OFDM (orthogonal
each other. This behaviour may be investigated by a frequency division multiplexing) is used as transmis-

signal-to-FEXT-interference ratio (SFIR) sion technigque to combat the effects of the frequency-
too selective channel (Bahai and Saltzberg, 1999; Bing-
[ 1Gs(f)-Gk(f)|?df ham, 2000). In such &,n)-MIMO-OFDM system,
PEN = T — (6) anN-point IFFT (N subchannels) modulated data sig-
C1G(f) - Ge(F) - Gu ()2 df nal is transmitted on every wire pair. The system is
_U (1) - Gr(T)-Gu(1)] modelled by
with modified FEXT coupling constankg according u=R-c+w. ©)
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Figure 4. MIMO cable transmission model system with
FEXT (n=2).

In (7), cis the(L x 1) transmitted signal vector con-
taining theL = N n complex input symbols transmit-
ted over alln wire pairs. Using OFDM with a suf-
ficient guard interval length, only symbols that are

kth value of this vector representéﬁ. The ele-

mentsrf,'ﬂ (for v # ) are assumed to be identical
for eachk, although in practical systems the cou-
pling between the wire pairs is slightly different and
it depends on their arrangement in the binder (Valenti,
2002). The subcarrier-specific interferences intro-
duced by the non-diagonal matii require appro-
priate signal processing strategies. A popular tech-
nique is based on the SVD of the matix, which
can be written aRy = S - Vi - DI, whereS, andD!

are unitary matrices andy is a real-valued diagonal
matrix of the positive square roots of the eigenvalues
of the matrixR}! R, sorted in descending orderUs-

ing D¢ as preprocessing matrix at the transmitter and
S/ as postprocessing matrix at the receiver side, the
overall transmission relationship results in

Y =S (R D G+ Wi) = Vi - G+ Wi . (1)

transmitted over the same subcarrier can interfere Here, thg(n x n) matrixRy is transformed into inde-

each other. The data vectocan be decomposed ac-
cording to

T T T\T
C=(Cl,--,Cr-sCN) (8)

where the(n x 1) vectorc, contains the complex in-
put symbols transmitted over theh subcarrier on
each wire pair. Furthermone describes thélL x 1)
received vector and is the(L x 1) vector of the Ad-
ditive, White Gaussian Noise (AWGN) having a vari-
ance ofu? for both the real and imaginary parts. Ap-
plying OFDM with a sufficient guard interval length,
the matrixR in (7) gets a block diagonal structure ac-
cording to

R, O 0
R=| 0 R ©)
0 0 Rn

In equation (9) zero-matrices are denotedCbsnd
for the matriceR¢ (with K =1,...,N) the following
syntax is used

SERR
Rk = 7o ) (10)
e

with the elements describing the couplings of the
data symbols on the subchannel Based on the

symmetry of the considered transmission systé’ﬁn
(for v = W) can be determined taking the FFT of
ok(t) = # “1{Gk(f)} into account. The elements

r\(,"p) (for v # ) consider the coupling between neigh-
bouring wire pairs and can be ascertained calculat-
ing the FFT ofgkm(t) = # "1 {Gg(f)-Gk(f)}. The
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pendent, non-interfering layers having unequal gains.
Arranging the subcarrier specific received vecirs
according to (8), leads to the following description of
the transmission system according to

y=V-.c+W. (12)
Therein the(L x L) matrix V has a block-diagonal
structure according to

Vi O 0
V= (_) V2 (13)
0 0 Vi

Based on the diagonal structure of the subcarrier spe-
cific (nx n) matricesV, the channel matriR is de-
composed intd. = N n independent, non-interfering
layers having unequal gains.

In general, the quality of data transmission can be
informally assessed by using the signal-to-noise ratio
(SNR) at the detector’s input defined by the half ver-
tical eye opening and the noise power per quadrature
component according to

_ (Half vertical eye opening  (Ua)?
B Noise Power C(UR)?

which is often used as a quality parameter (Ahrens
and Lange, 2006). The relationship between the
signal-to-noise ratiop = UZ/UZ and the bit-error
probability evaluated for AWGN channels aktbary

(14)

2The transpose and conjugate transpose (Hermitian) of

D are denoted b} andDF, respectively.
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Quadrature Amplitude Modulation (QAM) is given
by (Kalet, 1987; Proakis, 2000)

EE§WB<1—:%ﬁ>eﬁC<Vg> - (15)

When applying the proposed system structure, the
SVD-based equalization leads to different eye open-
ings per laye¥ according to

Uy = V& Uy (16)

where Ug; denotes the half-level transmit ampli-
tude assumingM,-ary QAM and \/5 represents
the weighting factor (singular value) resulting from
the subcarrier-based equalization. Together with the

Peer =

noise power per quadrature component, the SNR per

layer becomes
(0\?
0 _ (UA )
Ug

The bit-error probability per layef is given by
(Ahrens and Lange, 2006)

(Usé)z
UZ

=& (17)

p

2(1——1 )
o VNI /& Uss
PBER_7|092(M5) erfc( 2 Un ) . (18)

The resulting average bit-error probability assuming
different QAM constellation sizes results in

1 S ®
Peoer=———— Y logy,(My) P3eR -
2\5:1|092(Mv) lZl y BER

Therein the number of transmitted bits per data block

results in )
R= ; log,M;
=1

assuming that all layers are used for the data trans-
mission. Considering QAM constellations, the aver-
age transmit powels, per layer/ may be expressed
as (Forney et al., 1984; Kalet, 1989)

2
Py = 3 uZ(M;—1) .

Combining (17) and (21), the layer-specific SNR re-
sults in

(19)

(20)

(21)

E 3 Psf
2M -1 U
Using a parallel transmission oversubchannels the
overall mean transmit power per wire yields to

2
N~PS(:N§U52£(M@—

(22)

Ps= 1), (23)
and results in a total transmit powermP; by taking

n wire-pairs into account. Assuming that the transmit

b1k C1k

bk

o]

bL,k CL,

Figure 5: The channel-encoded MIMO-OFDM transmitter
structure.

C2.k

i—»‘encoder}—b4 il }—6>

MUX and Buffer

k

power is uniformly distributed over the number of ac-
tivated layers per wire, i. eBs; = Ps/N, the half-level
transmit amplitud&Js, per layer results in

3Ps

Ust =1\ 2N, = 1)

(24)

The signal-to-noise ratio per layérdefined in (17),
results together with (24) in

3 Ps

D=gpprs S
2N (M, —1) U2

(25)

5 CODED MIMO-OFDM SYSTEM

The transmitter structure including channel coding is
depicted in Fig. 5. The encoder employs a ratd 1
non-recursive, non-systematic convolutional (NSC)
code using the generator polynomi@ls?7,7,5) in oc-

tal notation. The uncoded information is organized
in blocks ofN; bits, consisting of at least 1000 bits,
depending on the specific QAM constellation used.
Each data block is encoded and results in the block
b consisting ofN, = 2N; 4+ 8 encoded bits, includ-
ing 2 termination bits. The encoded bits are inter-
leaved using a random interleaver and stored in the
vectorb. The encoded and interleaved bits are then
mapped onto the layers. The task of the multiplexer
and buffer block of Fig. 5 is to divide the vector of
encoded and interleaved information Hiténto sub-
vectors(byk, b2k, - -+ ,bLk), each consisting dR bits
according to the chosen throughput. The individual
binary data vectorb, x are then mapped to the QAM
symbolsc, i according to the specific mapper used.
The iterative demodulator structure is shown in Fig. 6.
When using the iteration index the first iteration of

v = 1 commences with the soft-demapper delivering
the N, log-likelihood ratios (LLRs)LY'~" (b) of the
encoded and interleaved information bits, whose de-
interleaved version.";” al )(b) represents the input of
the convolutional decoder as depicted in Fig. 6. This
channel decoder provides the estimates of the origi-

nal uncoded information bits, 1. d_( )( i), as well
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log,(M/) bits and are taken from a finite alphabet
c ={0,1,...,M,—1}. The symbolsy are trans-
mitted over independent channels resulting in the re-
ceived valuey, k. The resulting layer-specific model
is shown in Fig. 7. The priori channel models the

a priori information used at the soft demapper. The
sequenced, = [Ar1,Ar2,...,Ark,...| with the cor-
Figure 6: Iterative demodulator structure. responding realizatiors « contains the priori LLR
information passed to the demapper.

Y1k

Y2,k

Soft Demapper

YLk

as the LLRs of thé\, NSC-encoded bits in the form

of b c _
- — — 0,k Lk [ comm. | Ytk
LY () =LY ) + L V(b) . (26) »| Mapper |—> G 2
: : )
As seen in Fig. 6 and Eq. (26), the LLRs of the E) P Ly
NSC-encoded bits consist of the receiver’s input sig- Apron 12k | B
nal itself plus the extrinsic informationét’l: Y(b), channel 4

which is generated by subtracti Vfl)(b) from AN

L(lvzl)(b). The appropriately ordered, i. e. interleaved Figure 7: Transmission model analyzing thth layer.

eétiizr;s[c LLRs are fed back & priori information EXIT charts visualize the input/ output character-

L, ~ (b) to the soft demapper of Fig. 6 for the sec- istics of the soft demapper and the decoder in terms

ond iteration. The\p, LLRs L (b) are composed of ngan:g'a;:]n(jc;[]meast'eoq”ugﬁnge; fbtit;v:%rr]igr]ieLdLaléa Se-
O)(E ) () E V) . ¢

the subvectorgl;” (b1k), Ly (b2k), -, L5 (BLK)), information at the input of the soft demapper, as well

each consisting oR elements acgordlng to the cho- ¢ betweerB, and the sequencg of the extrinsic

sen throughput. Each vectab” (Byx) is generated  LLR at the output, respectively. Denoting the mu-

by the soft demapper from the MIMO channel’s out- tual information between two r.v) andY asl (X;Y)

puty,x and thea-priori information ng)(Bz,k) pro- we may define for a given sequenBg the quantities
vided by the channel decoder. After the first iteration, I,a = I(A¢; By) as well ad, g = | (E,; By). Herein,
this a-priori information emerges from this, LLRs I, A represents the averagepriori information and

L(VZ)(B), which are again decomposed into the subvec- I,g the average extrinsic information, respeqtively
& (Ahrens et al., 2008). The transfer characteristiaof

tors (ng)(bl,k)a '—gz)(bz,k% S ang)(bL,k)): each con-  the soft demapper is given byg = T (1,4, p), where

sisting ofR elements. p represents the SNR of the communication channel.
Analyzing the outer decoder in a serially concatenated
schemeT does not depend op. An EXIT chart is

6 EXIT CHART now obtained by plotting the transfer characteristics

for both the demapper and the decoder within a single

diagram, where the axes have to be swapped for one

of the constituent decoders (Brink, 2001) (normally

the outer one for serial concatenation).

TransmittingR bits per data block, a layer specific
parameten(?) can be defined as follows

The transmitted data sequenBeis multiplexed onto
the different used layersand results in the layer spe-
cific sequenceB, with /= 1,2, ...,L. The stationary
binary input sequencd, = [B;1,By2,...,Brk,. -]
consists of r.v.8B,x, where the corresponding real-
izationsby x have an index length of 1 bit and are al® — log,M, @27)
taken from a finite alphabet = {0,1} The map- R

per output sequenc€; = [C;1,Cy2,...,Crk,...] ON describing the fraction of the data seque¢hat is
the ¢-th layer consists of r.v.€x, where the cor-  transmitted over théth layer, i.e. B;. The mutual
responding realizations, x have an index length of  information for a given sequend® and the extrinsic

- LLR FE atthe output is obtained by

3Random variables (r.v.s) are denoted with capital letters L
and their corresponding realizations with lower casellgtte . _ [ .
Sequences of random variables and realizations are indi- \(E;B) —/Z o )I(E[’B[) ’ (28)
cated by boldface italics letters (& or b). Furthermore, . . =1
boldface roman letters denote vectorsBasr b). The time as it was shown in (Ahrens et al., 2008). Hence, the
instant is denoted witk and the layer witit. mutual information for a given sequend® and the
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extrinsic LLR E is effected by the layer-specific char-
acteristics, i.e. the SNR and the mapping of the bits ‘ . : ‘

— de with K = 3
to both the QAM symbols as well as to the layers, as _e_E?icfoflgv(l’:_'z2,km)—l P
well as the layer specific parameter$). || B Kp = 10715 (HZ -km) !

o
es)

o
o

7 RESULTS

The FEXT impact is in particular strong for short ca-
bles (Valenti, 2002). Therefore for numerical analysis
an exemplary cable of length= 0.4km withn = 10
wire pairs is chosen. The wire diameter i$hm
and hence a characteristic cable frequencyff
0.178MHz-km? is assumed. On each of the wire
pairs a multicarrier system witN = 10 subcarriers % 02 04 06 08 1
was considered. The actual crosstalk circumstances extrinsic decoder output —

are difficult to acquire and they vary from cable to ca-
ble. Therefore an exemplary mean FEXT coupling
constants ofkKg = 10713...101%(HZ? - km)~! are
employed (Valenti, 2002; Aslanis and Cioffi, 1992).
The average transmit power on each wire pair is sup- 10°
posed to bé> = 1V? and as an external disturbance
a white Gaussian noise with power spectral density
Yo is assumed. Identical systems on all wire pairs are
presumed (multicarrier symbol duratidg= 2ps, M-

ary QAM and a guard interval length @f = Ts/2).
Furthermore, the baseband channel of the multicarrier
system is excluded from the transmission in order to
provide this frequency range for analogue telephone
transmission. For a fair comparison the ratio of sym-
bol energy to noise power spectral density at the cable

©
»

o
DY

extrinsic demapper output —

Figure 8: Exit chart with anti-Gray mapping on all activated
layers at 10 logy(Es/Wp) = 15 dB.

VvV Kg=10"3(Hz? . km)~!
O Kg=10"%%(HZ2 - km)~!

<
<10
Ao
& o
g4 @

bit-error rate —

output is defined for the MIMO cadm > 1) accord- 12 14 6 18 20

Ing to 10-1g(Es/Wo) (indB) —
Es P + (n—1)Pn Figure 9: BER of the investigated system (solid [®aun-
W_o = (TS+ TQ) q"—o ) (29) coded system using 4-QAM on all layers, dotted Hnéer-

atively detected coded system (3 iterations) with antigra
with B, as mean power of the signal on the direct mapping and 16-QAM on all layers, dashed lifeitera-
paths at the cable output aftl;, as mean FEXT tively detected coded system (10 iterations) with antirgra
signal power at the cable output (Ahrens and Lange, Mapping and 16-QAM on all layers).
2006). Using the constraint-lengkh= 3 NSC code
with the generator polynomials d,7,7,5) in oc- the availability ofa priori information in iteratively
tal notation, the performance is analyzed for an effec- detecting decoders requires an exhaustive search for
tive user throughput of 4 bit/s/Hz. Our results, ob- finding the best non-Gray — synonymously also re-
tained by analyzing the soft-demapper characteristic ferred to as anti-Gray — mapping scheme (Chindapol,
(Fig. 8), suggest that the performance of the MIMO- 2001). Investigations in (Ahrens et al., 2008) have
OFDM system is strongly effected by the FEXT cou- shown that layer-specific mapping schemes only offer
pling. Here it turns out that a heavy FEXT coupling a slightly better performance at low SNRs. Therefore
is highly beneficial for a fast convergence in the low throughout this work anti-gray mapping were used on
SNR region as it is can be seen in Fig. 9. In general, all layers. Our BER curves obtained by computer
the achievable performance of the iterative decoder is simulations show that the overall BER performance
substantially affected by the specific mapping of the is strongly effected by both the FEXT coupling and
bits to both the QAM symbols as well as to the layers. the number of iterations. Thereby the FEXT coupling
While the employment of the classic Gray-mapping between neighbouring wire pairs seems to be a real
is appropriate in the absenceapriori information, catalyst for the overall performance that is effected
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by both the cable length as well as the cable proper- Forney, G. D., Gallager, R. G., Lang, G. R., Longstaff,

ties such as the type of isolation, the number of wire

pairs and the kind of combination of the wire pairs
within the binders.

8 CONCLUSIONS

In this contribution the FEXT impact in iteratively de-

tected MIMO-OFDM transmission schemes has been
studied. Our results show that FEXT is not neces-

sarily a limiting factor if appropriate signal process-

ing strategies are used. Our results show that a heavy

FEXT impact is overall beneficial for a good conver-

F. M., and Qureshi, S. U. (1984). Efficient Modu-
lation for Band-Limited ChannelslEEE Journal on
Selected Areas in Communicatio2¢5):632—647.

Galli, S. and Kerpez, K. J. (2002a). Methods of Sum-
ming Crosstalk From Mixed Sources—Part |: Theo-
retical Analysis. [EEE Transactions on Communica-
tions 50(3):453-461.

Galli, S. and Kerpez, K. J. (2002b). Methods of Sum-
ming Crosstalk From Mixed Sources—Part II: Perfor-
mance Results.|IEEE Transactions on Communica-
tions 50(4):600-607.

Honig, M. L., Steiglitz, K., and Gopinath, B. (1990). Multi-
channel Signal Processing for Data Communications
in the Presence of CrosstalkEEE Transactions on
Communications38(4):551-558.

gence behaviour at low SNR. Having hybrid optical ITU-T Recommendation G.993.2 (2006yery high speed

and electrical fixed access networks with relatively
short copper cables (e. g. fibre transmission up to
a street cabinet or a building and bridging the last yajet 1. (1987).
short drop by already installed twisted pair copper

cables), iteratively detected and SVD-aided MIMO-

digital subscriber line transceivers 2 (VDSL2nter-
national Telecommunication Union, Geneva.

Optimization of Linearly Equalized
QAM. |IEEE Transactions on Communications
35(11):1234-1236.

OFDM transmission schemes seems to be a true altergjet, 1. (1989). The Multitone ChannelEEE Transac-

native for delivering broadband services, when heavy

tions on Communication87(2):119-124.

FEXT couplings between neighbouring wire pairs can galet, 1. and Shamai (Shitz), S. (1990). On the Capacity of

be expected.
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