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ABSTRACT

This paper discusses a far-end crosstalk (FEXT) canceller for twisted-pair transmission. Many twisted-pair
systems such as fiber-to-the-curb (FTTC), very high-speed digital subscriber line (VDSL), and high-speed LAN
systems, use frequency-division duplexing (FDD) for duplex transmission. It is shown that the maximum reach of
FDD twisted-pair system is limited by the performance of its upstream channel, which is located at higher
frequencies than the downstream channel. In order to improve the performance of such FDD transceiver, FEXT
cancellation is introduced for the channel at higher frequencies. A system arrangement and its blind start-up
procedure are studied when the FEXT canceller and equalizer are jointly adapted to combat channel intersymbol
interference (ISI), FEXT, and other additive noise. The initial convergence and the steady-state behavior of the
proposed twisted-pair system without requiring transmission of an ideal training sequence are investigated.
Measured characteristics as well as analytical model of the FEXT channel are used to estimate the time span
needed for the FEXT canceller. It is also shown that the memory span for the FEXT canceller is almost

independent of the channel, thus making our results useful for the twisted-pair system over all different channels.
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qkef AlE9}l FEXT ZHiAp} o ZHolo] ARE
%3] AgEojzlchd FEXT AA7|7F 83 2
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d' & 7tz A13e} FEXTol g 3|22 Zelz A
ojshd, (D3} 3)ellA FEXT 7Hfo} 531719 A2
AL o3t 3k

ENX f(Hl=KAH( —d, N (23)

o714 K=V ¥min(d,d) °lck ¥ 6()2} (b=
252 372o|7} d=1.5 kft ¢l w], FEXTY] 3]&

o] Zeo]7} 0.69} 2.0 kftal 531719 FHellA 27}
°] FEXT®] &35 HojFrh

¥ 3& d’=1.5 kfte] & Zolo| gk A5 4
& QoK Zolrk. PBOE: A7) sielA] SNR
o] A9l 2E 7l zrhe AS 7Pk ¥
5()¢} (b)= d’=2.0 & 7}zl FEXT®| 2937}
d'=0.6 & 7kl Znct o BFsrke e wAF
ok d=d" ¢} d=d’ <l A9l ¥ Ase wlast
. 259} FEXTe] Az2o]ol] t)3t zjo]= FEXT
AA712] dog Hololl B2 AF¢S vIXA U=
tk.  FEXT A7Ae o} AL 32 W99l A=
o) djsix] PBO7} thx ekalal 4= glrh= Zlolc).
o kst FEXT®] 7Hio] #-2 3] Zell4] FEXT A
A71% AH43to 2 FEXTE AAL 5 97| o
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Simulation
Equation (38)
0 d = 1500f, d' = 600ft

5 20l0g, k' f IH(dd.f)
b A,uAga{N*“"k |

y ot \

; *.“’“‘M(

4
Ll i i
15 1 ll' \ |

Power Spectrum Magnitude (dB)
B

0 1 12 13 14 15 16 17 18 19 20
Frequency

(a) d=1.5 kft, d"=0.6 kft

F 3. A&} FEXT 7He] v} Aols Z= ARE S3duela] 25.92Mbjs 16-CAP/QAM $5417]9] A

Different lengths of & ', d"' =15kft, FEXT Model, S/N,=43dB
FEXT Canceller d'=0.6 kft d=1.0kft d=1.5kft d=2.0kft d=2.5kft
Complexity SNR =24.1dB | SNR;=242dB | SNR;=24.2dB | SNR;=242dB | SNR=24.2dB

N, D SNR ,(dB) SNR ,(dB) SNR ,(dB) SNR ,(dB) SNR ,(dB)
0 0 21.8 22.1 226 23.0 236

2 1 34.1 34.8 36.4 375 315

4 2 37.8 385 39.1 39.5 39.6

8 4 39.8 39.9 39.9 40.0 40.0

16 8 39.5 395 39.3 39.5 39.4

32 16 38.0 33.0 38.3 38.1 38.2

1 d and d’ denote the loop length of the signal and FEXT interferer, respectively.
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Simulation
Equation (38)

‘g 0 d = 1500f, d' = 2000ft 36 pe = g
:; 5 20l0g, k' f IH(d-d 9| o
R &
& 15 P \ 30 Analysis (Equations (15) and (33))
é -20 Iv" \ 28
-25 ! [ 26 i
P a2 13 14 s 18 17 18 ‘19 » 5 5 10 15 20 25 30
Frequency (MHz) Number of FEXT canceller taps
Gl d=13 ML 920 it a2 7. ke Sl FEXT A7) el ot $a3e &
a2 5. 53b] EHelAe] FEXT A5g4: oA
0 oz F7HA o427} qlek R WAk LMS kel
4l o ! F WAl A% LMS dare]Fo] 53| 43t
5 ol 5 AR FEe] decision |27} Sk F
a5 Blind Decision Dlracled Equalizer ON b’ ,‘#:b ,,o\l 73‘—?40\‘ é}\ \l FEXT 1“7-'7}' "}E}'Al‘é-
. | mode mode FEXT Canceller ON
T djolct. 2§ 7 5 7] startup AACA 3%
J Fo| A%5-g wsghet 73 7914 SR, = blind
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w0 A —— \ i) delay7} (16)7} (20)°] g Al oJsf A3}
8 100
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t}. FEXT A|#7]= #=2] bulk delay7} 912 o ke A T2 AHes vkl a3 84

7H S31719] EHelA] bulk delay®] chefst gre A AHEl ARt 2= o SdB7HA] iRl A
& 5Elc

A 3) 531719} FEXT A|A7):= 34 B2 0 ‘ —
S ss o] ek AU daelFon 4 e
7] ZAAE AMgsle] A gt a0 Fol 10}
sliceroll4] =2 A}ele] SNRo]| 2] 5¥ic). R R e A
I3 69 FAL Al deiAl ¥ AlEE 1A € ol
3 5E wel o & 4, 5, Aol |
ofedzlct. 27 604 A4 blind startup o2 4 a0 ‘
FA7IHe] wize]e] ghEe] $aishAl Fck el |
A 5 7ie] A4S wlarEbd blind startupo] ARSE] ] ‘ol - = s
& u Aol bR A% Ashh ARk ety 50
Z& & 5 vk blind startupo2 o] AJ5A|3} 023 8. 23 4 A Bojzl 274e] A=l upye] A% wlw
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