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Chipping Effect in DMT and a Method to Reduce the Clipping Noise

Wang Ying Tang Chaojing Wei Jibo
(Department of Electronic T echnology, NUDT, Changsha, 410073)

Abstract Discrete Multitone M odulation (DM T) has been widely chosen for Asymmetric Digital
Subscriber Lines (ADSL) . This Paper analyzes the effect of chipping in DMT -based transceivers and
compute the chipping noise and the quantization noise produced by the D/ A convertor. Compared with
the no—chipping, the number of bits for D/ A converter is reduced without the loss of SNR. This paper
analyses a method to reduce the chipping noise and show that by this method we can get the same re—
sult under the not-eptimum chipping as that under the optimum chipping.

Key words DM T, chipping effect and chipping factor, quantazation noise

ADSL 1995
ADSL (ANSIT1. 413-1995), ADSL DMT DMT
N , QAM
. N QAM ,
D/ A ,
, , D/A
, : ADSL ,
1 DMT
DMT 1, DMT D/ A , D/ A
: A/D DMT A (1)
N QAM
v N- 1

A1) = Re{mzwZo[r’;,e”"”””'u(t- mT) 1}

* 1997 3 10
: R , 1973,



DM T 93
D/A = E A/D
1 DMT
r k m , u () T , Re N , A
(1) ( ) . o,
1 ~ (x2120%)
- — 1
p(x) PR (D
QAM ) [ 1] A (1)
1+ 2 —— L-1
Ana = ) o 3N I+ 1 (2)
L
2
s D/ A A/D s
N = N1q+ Nnexr+ No qu B N nexr B N a
) : Na2= NZ,/‘*' Ndip+ NNexT+ Na qu , Ndip
DM T A cip A(:Zip
; (D
i 2 2 2 = 2 u
Naip = ZI (x = Aap)p(x)dx = 0] - Truez + (1+ u)erfe( 7))} (3)
dip
u= A/ 0, erfc (1) :
erfe(t) = L—J- ¢ “da
1T t
N(:lip [1]:
2, .2 6
Nap=2 Z0u e 7(1+ 3 (4
D/ A Q. a
[4] D Q=a’l12, a= 2412%, R D/A A
A/D )
2
No=20= 72 (5)
3
[1] A/D-D/A , D/A
A/D-D/A , D/A A/D
Rl, Amux, (5) N l'l RZ,
A cip , N 2{[ R NCHP SN R
s B s2 6
N1q+ Nnexr + Na qu+ Nap + Nnexr + Not (6)



94

1998 5

, sl=s2 qu N clip
(6) , R> ) .
A (3) (5) (6),
'’
A= Ri— R2= 0.5 log =
2w+ 3 21+ u)erfo =) - %ue‘“z‘)
u= Adip/ 0, v=Aetr/ 0 A u 2(L=4, N= 256) ,
A= 0, Ri1= Ra2, u , A u, A
Uagpt Uopt , D/A u (
), A A 0 N Ac‘lip: Amxzx, NL'lip: O, u (u= 25. 91)
’ R] Uopt B R2 Uwpt
RZ N A ’ Umpt
( N ) Uopt
, %z 0, Nn~ext Noa  u , (4) (5)
3 W2 A
R= 0.5 log2((u + 6u)e 211/ 3)
? (7) Uept, 3 R2 2
Upt N D/A [ 1]
us, Rl A ) Uopt RZ
) Uopt RZ ’ 1 RZ s Ut
=0 u
3
Ry = 1O
=2 12 T4 1 5
-
‘l -
3
= 3.5 E3 RSN = EWES &
2 u
15
11t
e 12
o 19
=
S L 11— = —
3. > 4 a4, S > 3. T3 53
o
3 R2 Wopt
1 u Uopt
R2= 10 R2= 12 R2= 14 R2=16
A=0 u 2. 99 3. 68 4. 28 4. 82
A Uep ¢ 4. 38 4. 87 5. 36 5. 81

Uopt

R>

(7



DMT 95

., SNR ) D/ A
, SNR [ 3] / ,
[2]
, A (1) ) D/A )
, DMT Actip DMT
) QAM ( )
), DMT X A dip DMT
A{:lip
- Aci)
P=2f p(x)dv=1- erf(—io) (8)
clip
erf(t) = %eqzdx
0
DMT 2N , DMT
Paupr= 1= (1= P)? (9)
N Pdipl7
Pulip = Pclipl Pcl[pZ = Pclipl2
k . Pdp= Papt" . k . DMT Actip
4 k 1 2 3 ., k , k IFFT
, 2 , IFFT ,
(1079, DMT , IFFT
10°
1O 5F
— 1 0— ra
10——15
2. 5 3 3.5 1 4. S 5
k24
4 k u
P'(x) = Pclip] P(x) — Aclip < x < Aclip
(4 ,
Netip2 = 2 (x — A(:Ep) zp'(x)dx = Pdap1t N dipt (10)
clip
A= Arnax,
Np= 2 242
ql = 3 max (11)
A: Acl[,p7
_ 2 “2R 42
Nr[2— 3 2 A(,‘Il[) (12)
Noise= OV g1 , k=0 (11),

Ni=o= Ng+ Noise= (1+ ®)Ng
k= ,



96 1998 5

Ni=1= Nq2+ Noise + N(:lipl: ((%)24' 0()qu+ N(:lipl
k=2
Ni=2= Nq2+ Noise + N{‘lipZ: ((%)24' O()qu + anipz
LS ]
g
=
= =TI 3= 3
_—
[ =)
== O
=B . > & =¥ . I= =
5 k=0, 1, 2 SNR (R= 14, o= 1)
5 , SNR ,
( 8dh), SNR2= SNRO ,
log2k k
1 , R= 14 | uqe:= 5. 36, SNR 1= SNR2,
u=4.2 , SNR2 ) )
SNR , SNR ) ,
, D/A  A/D
DMT D/A , ,
D/ A ) ,
) DMT ) ) )
, u , ) D/A  A/D
, D/A  A/D

Denis J G Analysis of Clipping Effect in DMT -based ADSL Systems, 1CC 94.
Denis J G. A Method to Reduce the Probability of Chipping in DMT -based Transceivers. IEE Trans. on Commun. V. 44, Oct, 1996
M. Friese- M ulticarrier modulation with low peak—to-average power ratio- Electronics Letters Apr. 1996

A. V. , R W. . : 1980

’ . s



