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Memory Truncation and Crosstalk
Cancellation in Transmultiplexers

Alfred Mertins, Member, IEEE

Abstract—This letter addresses the design of linear networks impulse responses (m) are considered simultaneously in
that reduce intersymbol interference and crosstalk in transmul- the receiver.
tiplexers. The proposed filter design method is based on the |, order to overcome the complexity problem of Viterbi
maximization of the signal-to-noise ratio at the detector input, detect for | h i | th t of
defined for channel memories being truncated to arbitrarily etectors tor Ong channe Impu se reSanseS’ _e concgp 0
short lengths. Thus, low-complexity Viterbi detectors working Memory truncation has been introduced in [6]. This technique
independently for all data channels can be used. The design of can be viewed as an equalization the noncritical part of a
minimum mean-square error equalizer networks is included in  transmission channel, leaving the critical part (i.e., the part
the framework. with zeros close to the unit circle) for a subsequent Viterbi
Index Terms—Crosstalk, equalizers, intersymbol interference, detection. In this paper, the memory truncation approach is
transmultiplexing. extended to the transmultiplexer case. The proposed receiver
uses linear filters for both crosstalk cancellation and memory

|. INTRODUCTION truncation.

) Notation: F{} denotes the expectation operation. The su-
RANSMULTIPLEXERS are systems that convert timeépe scrint7 denotes transposition of a vector or matrix. The

division multiplexed signals into frequency-division m“"superscript& and H denote complex conjugation and conju-

tiplexed signals and vice versa [1]. Essentially, these systea}ﬁe transpositionr! = [r*]7), respectively.
are filter banks as shown in Fig. 1. The transmission from '

input ¢ to outputk is described by the impulse responses Il. NETWORK DESIGN

ti 1(m) = g, x(mN) (1) For the following derivation let us assume that crosstalk
only appears between adjacent channels. The equalizer net-
where g; x(n) = gi(n) * c(n) * hy(n). Herein, the asterisk work for the kth data channel is shown in Fig. 2. It takes the
denotes convolutiong;(n) is the ith synthesis filterc(n) is signals in channels—1, &, andk+1 into account. The systems
the channel, an@(n) is the kth analysis filter. hi—1,1(m) andhr41 x(m) are used for crosstalk cancellation
In the noise-free case, perfect reconstruction (PR) of thshile the systemh;, (m) is the equalizer used for memory
input data with a delay ofn, samples is obtained if the truncation. The system with impulse respopsémn) in Fig. 2
condition is the residual system, which has to be considered in the Viterbi
detector.
ti,1(m) = 6i, k0m, m, ihk=01-,M-1 (2 The following optimality criterion is used for the filter

is satisfieds; , denotes the Kronecker symbol. This conditior?es@n' '

is met for PR filter banks and an ideal chan#k) = 1. In E{|ex(m)|*}=min (3)
practice, when having a nonideal channel, at least intersymt\;ﬁ{h
interference will arise. In addition, when a critically sampled

system (V = M) is used, the frequency bands necessarilgw(m) =7r_1(m) * hp_1, x(m) 4+ 7r(m) * by (M)

overlap and crosstalk between different data channels occurs. 4 rhg1 (M) % hpgr k(M) — di(m — mo) * pi(m).
Solutions to this problem based on various types of equalizers @)
have been proposed [2]-[4]. However, it is well known that re-

ceivers based on maximum likelihood detection via the Viterbi The lengthsL,, of the residual impulse responsgg(im),
algorithm are superior to those based on linear equalizers [Bi¢ lengthsL;,, , of the prefiltersh; ,(m), and the overall
The only drawback of Viterbi detectors is their complexity. Fodlelay mq are arbitrary. For the sake of notational simplicity,
example, in the transmultiplexer case, maximum-likelihooge will assume equal lengths,, := L, andL;,, , := L;, in
detection requires that all data sequencik$m) and all the following. Note that for the choicé, = 1 the memory

truncation approach reduces to an MMSE approach that takes
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Fig. 1. Transmultiplexer with transmission channel and additive noise.
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Fig. 2. Filter network for memory truncation and crosstalk cancellation in % 15t
the kth data channel.
10
where st
T - . A .
hy =[hr-1,%(0), -+, hg—1 x(Ln — 1), hg, (0), -- -, o : m s 50
hk, k(Lh - 1)7 hk+l,k(0)7 T hk+1, k(Lh - 1)]7 cqualizer length
r{(m) = [Tk—l(m)a T Tk—l(m - Lh + 1)a (a)
Tk(m)7 "'77)k(m_Lh+1)7 40
Tk-l—l(m)a Ty Tk-l—l(m - Lh + 1)]a
351
p% = [pk(o)v ) pk(LP - 1)]7
dj (m) =[di(m), -, dp(m — Ly + 1)]. 301
. . 25¢
Assuming stationary data processigm), k£ = 0,1, ---, )
M —1, atime invariant channe{n), and a stationary additive = 20}
noise procesg(n), the criterion (3) becomes Z sl
. k k k v
b R®h,—hRY) pr—pf Ry hy+pl R pr=min (6) 10}
where 3 :
. 0 . . . ’
RY = E{r}(m)rf(m)} 0 5 10 15 20
RE’;) — [R&’:)]H _ E{I‘; (m)d{(m _ mo)} cqualizer length
k * b
R((id) = E{dj,(m — mo)dj, (m — mo)}. ®)

. Fig. 3. SNR'’s in second and fourth data channel.
In the following, uncorrelated data are assuniggy = o21.

As proposed in [6] for the single-channel case, we first find i - 7 o
the optimal vector,, for a fixed vectorp; in the sense of p(0) =1L _W'th p' =[Lp ]_, the c~r|ter|on.(6) leads to the
(6) ash,,; = R;1R,.p.! Substitution ofh,,, into (6) and following linear set of equations fgb and h:

solving the remaining problem under the conditipfip = 1 Ruy _R{{l p 0

leads to the following eigenvalue problem: [_f{m RZJ [h} = [rrJ (8)
[071 — RG Ry Reglp = Ap. (7)  where

The optimal vectorp is the eigenvector that belongs to the Ryg = [03 9T } R.q = [rra, Red]- (9)

smallest eigenvalu@. 0 Rag

~An alternative to the eigenvector solution shown abov§qte that (8) can be solved efficiently via partitioned inversion
is the extension of the filter design method in [7] to thg, simply by adaptation.

transmultiplexer case. Here we solve (6) under the conditionA|though the solution to (8) yields filters that are optimal in

LIn order to simplify the notation, the subscriptand the superscrigt) the sense of (6) with reSpeCth) = .11 a S“th mOdiﬁcation_
are omitted. may be useful. In order to explain this modification, let us first
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observe that the upper part of (8) gives
o3pr = (R hy.. (10)

This means that the coefficients ), are equal toL, — 1

of the L,, dominant consecutive values of the overall impulse
responséh x(n) which describes the relationship between the

input signaldy,(m) and the output signaly,(m):
t~k7 k(m) = tk7 k_l(m) * hk_17 k(m) + tk7 k(m) * hk7 k(m)
e, k1 (m) * A1, x(m). (11)

If we want the impulse responsg,(m) to be equal to
all L, dominant values of;_ x(n), we have to recompute

px(0). From the restrictioro2p; = [RE,Z)]Hhk with pi =
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truncation {, > 1). For channel 4, the best of all eight
channels, convergence to the same SNR forZallcan be
observed.

IV. CONCLUSION

In this letter, new receiver concepts for data transmission
with transmultiplexers based on memory truncation were pre-
sented. The results show that memory truncation leads to
remarkably higher SNR’s than MMSE equalization. Therefore,
a very good performance (even in the case of critical channels)
can be expected from this method. The network can be easily
extended to the case where crosstalk appears between all
channels.

[p(0), Pf], we get

= Sy (12)

d (1]
Clearly, the recomputation af,(0) decreases the SNR, but
we have the advantage of an unbiased model, which is easiy

used in the Viterbi detector.

pr(0)

[3]
Il.
In this example, a near-PR MDFT filter bank according to
[8] with N = M = 8 is used. The prototype is a raised- [4]
cosine filter with roll-off factor0.5 and a stopband attenuation
of 40 dB. Fig. 3 shows the SNR'’s for the second and fourtH5]
data channel for different lengths, and L;, and a channel
with impulse response(n) = {1, —0.2, 0.82}. The SNR is
defined asSNR = E{|fr(m)|2}/E{|ex(m)|?} with fi(m) =
dr.(m—mo)*pr(m). The SNR at the receiver input, defined asy;
SNRy = E{|y(n)|?}/E{|n(n)|?}, is 30 dB in this example.
The results for channel 2, the worst channel (together with
channel 6), show that the SNR can be dramatically increasqgj
when going from MMSE equalization/{, = 1) to memory

EXAMPLE

(6]
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