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Time-domain Equalization Algorithm for a DMT-based xDSL. Modem
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ABSTRACT

In this paper, a new algorithm to design a time-domain equalizer (TEQ) for an xDSL system employing the
discrete multitone (DMT) modulation is proposed. The proposed algorithm, derived by neglecting the terms which
do not affect the performance of a DMT system in ARMA modeling, is shown to have similar performance to
the previous TEQ algorithms such as matrix inverse algorithm, fast algorithm, iterative algorithm, and inverse
power method, even with the significantly lower computational complexity. In addition, since the proposed
algorithm requires only the received signal, the information on the channel impulse response or training sequence
is not needed. It is also shown that for the case where bridged tap is not included, the number of TEQ taps
required can be reduced to half(from 16 to B8) without affecting the overall performance. The performances of the
proposed and previous TEQ algorithms are compared by applying them to ADSL environment.
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End
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i
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H 2
SNR,= —‘%,‘l— 6N
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Y e MEP N 100
k=m(,1,-- N—1
—1
w"__b to Wi — 2k M 5N
End

Total © ((L/2) log 2N+ 6+ 23N,)N
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Aot WUE B T LMS fuEed
24 JRAlsta Be ambeedy vy B A
ot 223 oG R pel B ORFE T
o LMS 42lE§ B4 JAldke Waeldt x
% sl A yhale] skolw] B} BE A
el v 1&g LMS d¢uElwd 28 A4
Y}l ADSL downstream2] 739 w2l BY A7
geolxjel o7} iz} 163 32012 FA vt
Alo] etwtch et 9] kAl W] =5 global
convergence?} BAMER] elEche wHe] gtk F
o ool APAIRE T X|ZkFHCN  wet b E
windowing & & o, Z}zhol] @R ol AEu
of 2] HHe] FafelF windowingqhc}, A7}
dd TElet FR-EFwre] Aelv AR Zeld
Z7] Al  we}l BY) IFFTH 33 & Azt oy
o4 windowingell 2l#] F#r] Ay we} SEE
H bR Rk o] e wagt Akl F 4
off 42 glch

171

www.dbpia.co.kr



A=A =FR] '00-1 Vol.25 No.lA

w= [FFT{W}
and windowing

1 v

b=1IFFT{B) {,
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W updating
in freqg-domain
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FH7 A4 e) w0270
Wi=N—pointDFT w"
X y= N— pointDF T{ x}
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For =12,

Y, = N— pointDF T{ v} (N/2) log ;v
B = WinY/X, 8N

b*= N— point IDFT{B }} (N/2) log oV
" = "% windowing

B = N— point DFT{ b} (NI2) log .7
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End
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I cH 7R AL AT 7Y A & 2R
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inverse power method formulation
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w=[1 — a]"2 oA 53] Ardeln A4
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r,(m) —Jﬁ; 2,17 (m=19
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dY2ege) moke dxzhisla] ehech

AR FAEe] gl ADSL test A2F
CSA #43} CSA #79] 749 bridged tapo] &E&A)s}
£ 7§%0)3 CSA #63} CSA #8& bridged tapo)
Sl A-tolch Zt A9 Al dHs 93
ZFln o2 Insertion Loss?} 23 582 1§ 69
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9 dEagds] moo] iEzbrElA] therhe A
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+ & ¢ slck aslz Ak ylez Zh sijiat
Hzel| stk A7t 9y & T A
bridged tape] #5ol w2} 8l A7k S8}
719 Wl dEade Zd 4 5 ddek &
ADSL downstreamodl 1A= e 169WE =5
P8T #e= e brdged tapo] Qe Afolw
CSA #63} CSA #82] 799} zto] bridged tapo]
S 7t 8 Alg#x ¥} Bridged tap
o] TART vEGEE ) Y pade] a2k
€& Y o dastasx] 4 EE e
28 W] AAtele] 7Y 4 stk

] w W m m w W wm me
sample pis (Fa=2 208MHI)

(2) CSA loop #4, #72! 2/~ |

— L N N
»n 0 L] »a 1o 180 g e = L)
sample pia (Pan2 308MH2)

(b) CSA Loop #6, #82] /@A ®¢
3% 6. ADSL test A1 &9 Alztads Yy~ 35 2of

V. ZolH

2 Aelde & =Feld ARMEAIZY 587
Zalahalel AMi=g ADSL downstreamAlR]A 7
slollA] Z|&e] Azkedd F3) SRl u)agt
o} 2o4lyel A AN e 2d 6 o
& 7ol vhehd wle} o) CSA #4, #6, #7, #80]H,
CSA #4ell= 24 ADSL NEXT, 24 ADSL FEXT,

www.dbpia.co.kr



=& /DMT 4] 2] xDSL 294 $14 A7ty o dzele

4 ;
fraquanacy [Hi]

28 6. s AHE Ad

=== 20 HDOL NEXT
24 DBL NEXT
R ---  2qADSL NEXT
‘

4 .
frequeney [HZ)

I8 7. ®#] AYel AN A PSD

24 DSL NEXT, AWGN(-140dBm/Hz)¢] AFgo] &
APt 78, CSA #6420 HDSL
NEXT, AWGN(-140dBm/Hz)°|, CSA#73} #8el&
10 ADSL NEXT, 10 ADSL FEXT, 10 DSL
NEXT, AWGN(-140dBm/Hz)o] &Exqicky 7123 s}
Qe £21212-2 20dBm watt, Al @5 dkHz,
FFT =71& 512, CPol =/ 32, A|7edd 28
7] |4E 16(8), MEgETE 2208 MHzE 3%
th & N=512, M=16, N,=5440]u], ROJAI¥A]
A% FeleEls 300, 4=02 o)k (I} ue
747} Tterative 4zlwe] Iteration <=2} stepsize
o]th) Matrix inversion ®H}]ojj4]¥= decision delay
& 11, Ns~1623%, iterative HMod= N=4E
Foirk 2§ 89 179& CSA #69] el A|7k3
o S37] Fapalel] uhl S7) Al 1 wfe]
E3-850g RodFErh o] 2y o2 RE 1004HA
EAE Adgge] =E 32 AFUE FolE A
+ Yole 4 glvh CSA #63) CSA#88] 9-v
bridged tape] gl Holmz Ak HWhilolde

e Matdx Invemdon algorthm
| Itarative algofthm ]

Bl

VARG

; ‘I |ID m
sampie pie (Fax22.08M01)

L b B b s

(a) Matrix inversion 24T} Iterative 24|

T IRVR PO
proposed

4 L] A3 7
sampéa pta (Fam2 208MT)

(b) Inverse power WAL} HQhE Hh4

0% 8. # Hlel &) AR Azldd F2p) | A
(CSA #6)

8siuhg AMAlsck E Su 4k WAl dlely
gzt 8% A Wl AR v)agel
Matrix inversion 472|529 7§ decision delay
Fdael o) o date rateg TAIE WA
Axgkell EgEe] A 9tk 2@ AR o
6Mbps o]Ate] 484 BolAw Yaz =HEe F
3}7) Sl ey Aok upao] ol r|E WAE
of ¥ FHefulrhe A& 8 % ik 58] bridged
tapo] Sl A4 oF 50007 A=) FAlve] 8
it

vi.d =

¥ wellale DMTHM ] aDSL Al=nlg Ht
Azl B2l A daElsd Absiaed
ADSL AH|2 7ol A-438of =1 - HU2lad
ok At daelEe Ade o ARAAlel 9
831 4z, $AAERE olgatmg Sk A
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¥

'
o
Bl Ty eyt

] 150
samphe pts (Famd. 208 Mhz)

() Matrix inversion W4T} Iterative 44

imm(mmﬁ&)
" (b) Inverse power WAID} F|ohE b4
% 9. 7+ e sitt A B8

TE AHRY It givhe AHelslch Be] At
B Al J)Ee] TR A i) 4ElE
of uia) ML Ao g falg A& Elchk =
4, bridged tapo] v Ade) 74 8¢k ol4-
S Bnyt FBp) o) o] Ark

£ 5. 4 s 45 ujs

algorithm| Matrix Inverse
Iterative Proposed
inversion wer
test loop algotithm | gorithm | PECSS | algorithm
o, of 60.000 | 20:000 /17,600 /| 8,700
multiplications ' Iteration | Iteration | (4,700)
CSA #4 [Mbps] 8.1947 7.7158 | 7.8054 | 8.0364
CSA #6 [Mbps] | 6.5387 | 6.5380 | 6.5387 | 6.3387
CSA #7 [Mbps] | 7.9309 7.7808 | 7.9300 | 7.9106
CSA #8 [Mbps] | 6.8107 6.7742 | 6.8107 | 6.8107
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