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Abstract—In this paper we propose a simple model for the bursty opera-  Where R;(7) is the autocorrelation of;(¢), and&{-} is the ex-
tion of digital subscriber line (DSL) modems. Based on this model, we derive pected value operator. The PSDcQt) is
a power spectrum density (PSD) for the bursty crosstalk. This analysis sug-
gests that both the duty cycle and the bursty activity rate must be optimized _ _
when bursty crosstalk is used to increase the performance of crosstalk-limited Sc(f) - ]:{RC(T)} - Z Si(f)’
systems. g

where S;(f) is the PSD ofc;(¢), and F{-} denotes the Fourier
I. INTRODUCTION transform.

IGITAL subscriber line allows high speed transmission us- .

. . . S B. Bursty Function

ing the twisted cooper lines originally used for telephone

services. Twisted pairs are deployed using telephone cables inBursty operation is achieved multiplying eagfft) by a bursty

which twisted pairs are packed closely together. Crosstalk electrinctionb;(t) that takes the valuesand0 depending if there is

magnetically coupled from neighboring twisted pairs also carryin§iformation to transmit or not, respectively. Hence, thand0

DSL signals can severely limit the performance of DSL Systemgalues appears in a random fashion. We assume that the functior

[1]. b;(t) are all independent of each other, identically distributed, and
In general, DSL modems are designed to operate continuouslfide sense stationary. We further assume thi@) andby(t) are

even in those periods of time in which there is no information tdndependent for all values off. -

transmit. In order to reduce the crosstalk introduced in the tele- The expected value @ (t) is b and the correlation function of

phone cable, it is desirable that DSL modems transmit in bursty (t) i

mode, i.e., they stop transmitting when there is no information to Ry () = E{bi(1)bi(t + 7)},
send. for all values ofi. The PSD of;(#) is

In this paper we propose a simple model for the bursty operation
of DSL modems. Based on this model, we derive a PSD for the Sy(f) = F{Ru(7)}.
bursty crosstalk. The PSD is used to analyze the effects of both
the duty cycle and bursty activity rate. C. Bursty Crosstalk

Bursty crosstalk is represented by
Il. CROSSTALK REPRESENTATION

A. Continuous Crosstalk &(t) = bi(t)es(t).
[
Continuous crosstalk is represented by

c(t) = Z ci(t), Ro(7) = E{e(t)é(t + 1)} = Z Ry(7),

wherec;(t) are the individual components of the crosstalk, i.e, . _ )

neighboring high speed data signals coupled eIectromagneticaI}Q/’hereRi(T) is the autocorrelation df; () - ¢;(¢). The PSD of:(t)
All ¢;(t) are assumed to be mean-zero, independent of each othr, _ . .

and wide sense stationary. Se(f) = F{Re(7)} = Z Si(f),

The correlation function of(¢) is

The correlation function of(¢) is

whereS;(f) is the PSD ob;(t) - ¢;(t).
Re(r) = E{c(t)e(t +7)} = ZRz'(T),

IIl. BURSTY CROSSTALKANALYSIS

Using the previous definitions and assumptions, we can write

The author’s E-mail is ramirezm@ieee.org. R.(7) = Rp(7) - Rc(7),
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and therefore ) and the PSD 0§;(t) is

S + -
wherex denotes convolution operation. (/) 2 (f) 7 (2a/27)% + f2
The functionb; (¢) under consideration is known endomtele-  Therefore, the autocorrelation &ft) is
graph waveform{2]. Fig. 1 depicts one possible realization of .
bih). Ro(r) = [5R(r)+ 5 Re(r)exp(~2a |7 )],

and the PSD of(¢) is

where
S1(f) = 5-5:09).
and
S2(f) = prHa(f) = Se(f).
- and L (2a2m)
a/aT
' [ | Ha(f) = 27 (2a/27)% + f2°
osl i The PSDS,; (f) is a scaled version of the original crosstalk PSD
2 S.(f). The PSDS:(f) is a “filtered” version of the PSI5.(f).
2 osf 1 Clearly, the total power itb..( f) is proportional tg;

R.(0) = p1R.(0),

for any value ofa. The effect of the value of on S, (f) is illus-
oz ] trated with an example showing the effectaobn the disturber’s
PSD causing crosstalk.

L L L L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

time units A. Effect ofe on the disturber’'s PSD

In this example we assume that the crosstigh is caused by
one type of disturber 2B1Q HDSL with PSD [1]

2 (s )P 1
DSLfO (Wf/f0)2 1+ (f/deB)S,

2
where fy = 392 KHZ, fos = 196 KHZ, Kyp = - 22, V;, = 2.7
Volts, andR = 135 €. Fig. 2(a) depicts the disturber’s PSD for

Fig. 1. The bursty function; (t) p1 = 0.5 anda = 0,1, 10,100. The original PSD correspond to

PSD!DSL(f) = KH

. . . =0
The b;(t) may assume at any instant of time either the value
b;(t) = 0 with probability py, or the valueb;(t) = 1 with prob-  B. Effect ofa on the modem training
ability p;, and it makes independent random traversals from one

) The use ob(t) impacts the training of a modem in the presence
value to the other. The expected value is

of bursty crosstalk. To analyze this, consider the time-average

b =p1. estimate of the power d(t)
. 1 [T
Whenp, = 1 the probability that: traversals occur in a time Rp(0) ~ ﬁ/ bi(t) dt,
interval of lengthT” is given by the Poisson distribution -T
where2T is the observation interval used for training the modem.
P(KT) = (aT)* exp (—aT) Using the results in [3], it can be shown tHa§(0) has variance
I b
i 7 o
wherea is the average number of traversals per unit time. The %=37 ) .. Cle,0) (1+55)-da,
autocorrelation ob; () is
where
Ry(r) = Probb;(t) =1,bi(t +7) =1) C(,0) = %[1 +exp(—2a]al)] - (p)?
= Probg even,T = . . _
];11 ¢ 7D andC/(a, 7) is the autocovariance of the produgt)z(t+7). Fig.
= Sltew(=2a]|7]) 2(d) depicts(a?/p;) for p; = 0.5 anda = 0.1, 1, 10, 100.

0-7803-7208-5/01/$17.00 (C) 2001 IEEE



(@
T

T
—40 bursty (a=100) [
bursty (a=10)
bursty (a=1)
non bursty(a=0) ||

—60

—80

—100

dBm/Hz

—120
—140

—160 y T T T T T = — —— =3 —
—-180 PN P

normalized variance

a=10
a=100 ! ! ! I ! !

0onA

o 0.5 1 1.5 2 2.5 3 3.5
time T (sec)

N

Fig. 2. Figure (a) compares the original 2B1Q HDSL disturber’s PSD with the modified disturber's P$b for0.5 anda = 0.1, 1,10, 100. Figure (b) depicts
(02 /p1) as a function off” for differenta.

IV. DISCUSSION AND CONCLUSION a higher value of; results in a smaller variance of the power es-
timate R,,(0). In this case, a higher value afis desirable. For
example, forl’ = 2 we needz > 100 to get an estimate variance
of less thar0.001.

First, it is clear that the total power of the bursty crosstalk is The results in this analysis suggest that both the duty cycle anc
proportional to the duty cycle (i.e., fa). In general, the more the ¢ pyrsty activity rate must be optimized when bursty crosstalk is

duty cycle is reduced, the more the power in the bursty crosstalseq 1o increase the performance of crosstalk-limited systems.
will be reduced. This result is intuitive.

Second, observation of Figs. 2(a),2(b), and 2(c) shows that REFERENCES
higher values ofz increases the sidelobes of the modified dis{1] T. Starr, J. M. Cioffi and P.J. Silvermakinderstanding Digital Subscriber
) . i ; Line TechnologyPrentice Hall, 1999.
Fur?ers PSD. This in turn could tranSIat_e n m?rease of SIdelOb‘ﬁ] W. B. Davenport and W. L. RootAn Introduction to the Theory of Random
in S.(f). Inthese cases, a lower valuewis desirable. Signals and NoisdEEE Press, 1987.

Third, Fig. 2(d) shows that for a fixed observation inter¥al  [31 A. Papolulis,Signal Analysispp. 359-360, McGraw Hill, 1984.

From the example and the expressionsRp(r), S.(f) ando?
we can make three conclusions.
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