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Outline

s [ransmission Model
s Capacity
s Interference Cancellation

s Combined Channel Equalization and Coding:
[terative (Turbo) Structures

s Future work
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Signal and Systems Impairments

Signal Impairment

Mitigation Technique

Dispersion Channel Equalization (using DFE)
Near-End Cross-Talk (NEXT) NEXT Cancellation

Far-End Cross-Talk (FEXT) FEXT Cancellation

Return Loss (ECHO) ECHO Cancellation

Alien-NEXT A-NEXT Compensation

Residual Noise/Insertion Loss

Channel Coding
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Channel Characteristics for CAT- 6
Measured data provided by Nexans
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CAT- 6 Insertion Loss Responses
Measured data provided by Nexans

Magnitude Responses
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POF of the sample value

MIMO DFE Qutput

—» ISI Channel (<100 T) —» DFE —»

40 dB SIR, 8-PAM 40 dB SIR, 10-PAM
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- 10 Gbps Transmission Requires 3 bits/sym at 833 M-Symbols/sec
- 10-PAM ( 3 bits/sym + parity ) Signaling with TCM
- Eye-Closure due to the increased No. of PAM levels = High coding gain needed
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DFE “open eye” performance

CAT-6:100m , Measured Data , No Error Correction Coding

625 M
Symbols/sec

833 M
Symbols/sec

833 M
Symbols/sec

40 dB SIR

Remarks

16-PAM
625 Msym/sec * 4 bit/sym = 2.5 Gbps
2.5 Gbps * 4 Lines = 10 Gbps

SER: 1.08x103

8-PAM
833 Msym/sec * 3 bit/sym = 2.5 Gbps
2.5 Gbps * 4 Lines = 10 Gbps SER: 7.8x107
10-PAM
833 Msym/sec * 3 bit/sym = 2.5 Gbps
SER:3.9x10

2.5 Gbps * 4 Lines = 10 Gbps
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Frequency Responses

MNEXT Freguency Response : Warst Case and Model Realizations : 833 Msymbﬁsec
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Learning Curves for LMS (NEXT) MIMO
Canceller

o

Learning Curve far MEXT Canceller

— Actual MSE
3 — Minimum MSE

0 0.5 ! !‘#%f iteratiunzs 25 3 35
¥ 10

(a) : Constant Step Size

10- T T T T T T
— Actual MSE
— Minimum MSE

25 3 35
x 10

0 0.5 ! 1#501’ iteratiun%

(b) : Varying Step Size



Results using LMS MIMO
Cancellers
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Symbol Stream before Cancellation(Corrupted by MNEXT, FEXT and Echo)

20 25 30 35 A0 45 a0
timefsymbol

15

10

Symbol Stream post interference cancellation
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Features of LMS MIMQO Cancellers

achieved

NEXT Cancellers FEXT Cancellers Echo Cancellers
# of taps 530 570 515
# of iterations 40000 40000 40000
Algorithm LMS LMS LMS
No. of cancellers 3 3 1
required
Cancellation 60dB 34dB 76dB




Effect of Number of MIMO Cancellers Taps on SIR Performance

MEXT cancellation : Effect of # of Taps
T
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Theoretical CAT- 6 Cables Capacity

Bkod noise only

i | — DMT scheme
B0 f------e- r-| — - Shamai's Lower bound |----1-------- Po-ooo- o--o- ffw
v | —  Matched-filter bound ' ' f_,’f :

i | | i i i |
] 100 200 300 400 500 B0 00 800
MHz

Total capacity with “AWGN only” VS bandwidth of the
CAT-6 cable.

MEXT, Echa, FEXT and ANEXT cancelled by 47 57 300 dB

35 [--------t{ — DMT scheme e
i | = - Shamai's Lower bound E
i | — Matchedfilter bound | D - |
W ' . ; T L pommenees 4

1] 100 200 300 400 &00 GO0 700 300
WHz

Total capacity with “AWGN and residual interference”
VS bandwidth of CAT-6 cable.



heoretical CAT- 6 Cables Capacity

MEXT, Echo, FEXT and ANEXT cancelled by 60 60,60,0 dB 60’60’60’0 n MNEXT, Echo, FEXT and ANEXT cancelled by 75.75,75,0 dB 75,75’75,0

a0 ----- " ] 40 - B oo -
—— DMT scheme | —— DMT scherme

— - Shamai's Lawer bound n — - Shamai's Lawer bound
— Matched-fitter bound — Matched-filter bound
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Modulation:

Pulse Shape:

MIMO Cancellers:

MIMO Equalizer:

Baseline FEC:

Launch Power:

PAM

Raised cosine

LMS

DFE

TCM

Background Noise Level :

System Parameters

[M =10]

| oo =8% ]

[~ 500 taps |
[120 FF, 100FB]
[4-D]

10dBM (3V P-P)

-150dBm/Hz
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CTR MATLAB BlOCkS
DATA CHANMEL E
G ENERATOR — »  uPULSE >
FOR A FREODBULES aH ESTIMATE OF THE ECHO RESPONSE
RECENVER W
A ECHOD ESTIMATE OF ECHO A TOW
CAHCELLER a
aTD A
HO_RESPOMSE CHANMEL DaTa
| IMPULSE g DATASIGNAL ] p e paton|
BESEPONSE FOR Y
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DATA BTOA HEXT =
GEHERATOR CANCELLER N FEXT
FOR B = FEAT DATHE
[ PRODUCES AN ESTIMATE OF NEXT ESTIMATE OF FEXT__f| canceven [¢ “'::Tx‘m
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HEXT_RGSPONGE
I W TO A
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G ENGRATOR |— CTOA MEXT .-? FEXT_RESPOMSE
FOR C »| canceLen B
c g FEXT ¥
PRODUCES AN GSTIMATE OF NEXT C-& %: FEAT DATA
ES 16 OF FEXT r CANCELLER L GENERATOR
DATA NEXLT_RESPONSE o
Bl ms | y a o PRODUCES AN ESTIMATE OF FEXT W-A
FOR D
BTOA -
o L | CANCELLER ZTOA
z
FELT_RESPONSE
FRODUCES AN ESTIMATE OF NEXT D-& DATA
GENGRATOR
FEXT
RECENER'A £ roRz
FEXT
|§|¢ ECUALISER [ ESTIMATE OF FEXT [l CANCELLER

FOR CHANHEL & PRODUCES AN ESTIMATE OF FEXT Z-A
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Why Multi Dimensional

FEC Encoder | 4 bits

FEC Encoder

FEC Encoder
FEC Encoder

12-bit
inpu

Signal point selector {Tx, 17-PAM }

Decoder 3 bits

Signal point selector {Tx, 17-PAM }

3 bit
Decoder %

Signal point selector {Tx, 17-PAM }

17 PAM

Decoder |3b—lts

Signal point selector {Tx, 77-PAM }

NS

Decoder |3b—lts A

FEC
Encoder

-

/’/’,’— \\\\;\\

L <.

\\ \\

<> 10*
213
Signal point selector

13-bit {Tx, Txg Tx Txp}
output (Tx, g c p- 10-PAM)

~ 6 dB loss

Tx,

Txg : .
Viterbi

Txc Decoder

Txp

s, 10 PAM

output




4D TCM (AWGN)

)

(AWGH

-D TCM results

4

P

Uncoded

10 PAM

B

B

= EIS

SNR (dE)
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..... the same scheme was
tested on CAT- 6 (ISI) channel ....
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TCM + DFE : Conventional structure

(4-D TCM) Viterbi
D d {Decoded}
ecoder L, Output

rom cha.rmel = FF @ P :|j N

DFE

FB ¢
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CICTR TCM + DFE Results (CAT- 6 Channel)

10-PAM Petformance over Cat 100

10°
I Tt el | 1 1 1
~~~~~ . S N I I I I
e N
.‘II:IE _"--"'I'"--'"I"'-"-I"'-"-I"'-"-'I"-'---i-:::h::i--\\-é--%-------i ------- i ------ =
1':'4 """" T=====" L e B Fr====== qI====== L | 'i"x'Hﬂ:B%% """ i """ =
11 ORI U U SR S U U SN ORGSO
1 . R 5 U A S s s
—  TCh wi Detected Symbal Feedback
---- DFE Uncoded l : : :
m'“:' [ [ | | | [ I I I I y
10 12 14 16 18 20 22 24 25 23 30 32

SNR at DFE Output [dE]
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TCM + DFE over CAT- 6 Channel

After examining various possibilities, 1t was
found to be caused due to the error feedback

and subsequent propagation in the FB section
of the DFE.

This was confirmed by feeding back the
correct symbols ....
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TCM + DFE : Correct Symbol feedback

{Rx} :  From
channel

Y

FF

» TCM Viterbi
» Decoder

FB

{Decoded}
Output

Correct (Transmitted)
Symbols fed back
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'R Correct Symbol feedback : Results

10-FPAM Pedormance over Cat 100m

10°
107
10
10° .
(i PRGSO WU WS SO S SUUS SHOMUNS H
—== TCM wf Correct Symbol Feedback L
—& TCM wy Detected Symbol Feedback
---- DFE Uncoded : ' ! L
1|:|'1':' | | | | | | I I I I ]
10 12 14 16 18 20 22 24 2B 20 a0 32

SNR at DFE Output [dB]



H

@
< 3 -

p

TD

ICTR Joint Equalization and Decoding : SPFE

* The success of correct symbol feedback
prompted us to place the decoder inside the
DFE loop. This scheme of implementation 1s

called the Survivor Path Feedback Equalizer
(SPFE).
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Survivor Path Feedback Equalizer

p| {Decoded}
Output

—_— mmmmmeee- TCM Viterbi Decoder
Rp: »
From Channel > FF / \ >
P
_________ - [P S
:\/ """"" -- R
- - [ [ S
|| | . __!_ ________
|| || . __|_________
|| || || S
|| || ||
o - - -
[ 100 ] 16 1
-~ 8 Surviving
- - paths Fed Back----========-----
FB 4—!— __________________________
«—

 Each surviving path in the trellis 1s considered as a possible Tx
* 15t symbol has no pre curser ISI, if detected correctly,
it can correct the ISI in 2" symbol ... and soon ...
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§ CICTR Survivor Path Feedback

;

SER

Equalizer :Resulls

. . . . . e E E . . .

! ! ! ! v ;10 PAR ! ! !

Al NN s Uncoded . _
! ! ! ! ! T !

T

, SuwivnriF‘ath .
Carrect: Symbaol Feedbatk Equalizer:

Feedback

SNR [dB]
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TURBO Equalizer

Extrinsic Information
l Interleaver [«
RX Signal .
Estimated
From Channel SISO ) De- SISO Data
Equalizer interleaver Decoder
Number of
States 7 _SONA Can not - 7 Co ode
afford to (=
increase BW 7 TCM
SOVA
5 DFE {
MAP
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TURBQO Equalization

CAT- 6, BPSK , rate 'z code , 833Mbaud

Soft IC based Turbo Equalization
¥
“.| LE or DFE
Z, v | sso | I
De-1L Decoder
IC
g - ™
R L P{uk = 1 | y }
X Mapper IL
MMSE Equalization
From
Matched "
F:Izer MMSE Zk LLR Ly {xk } De- SIS0 I
Equalizer 7| Mapping | Interleaver "l Decoder
E{xk} . L{xk}
Mapping (+— Interleaver
C’ov{xk xk} 10 1|2 1|4 1‘5 1|3 2|n 2‘2 24

SNR [dB]
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TURBO Egqualizer applied to TCM

0.71
0.5 0.5

P11

MAP Equalization

TCM
8-PSK
2/3 Code Rate
With memory m=3

Eb/NO {dE%

Magniez & Duhamel VTC’99
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Anticipated RX structure

Extrinsic

:

Interleaver

dnformation|

(—P

SISO Equalizer 1

De-interleaver

—»

Extrinsic

:

Interleaver

dnformation|

SISO Equalizer 2

De-interleaver

-

Extrinsic

-

Interleaver

dnformation|

SISO Equalizer 3

De-interleaver

—»

Extrinsic

:

Interleaver

Juformation|

\ —>

SISO Equalizer 4

De-interleaver

-

SISO

Decoder

For

TCM

Estimated
Data

L >
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ANEXT Issue

-30 . e Bl ' '
- : . I3 o
/:— — Cat 6 2 connector - hw.-,‘r_ : ) '.-ﬁ.nr','l .:'Ln'"'fll":‘"'aJ'Wﬁ Wy I"J\.—-,
. 40—, % R e . B e {;A] |'VL-‘.‘J'._=H‘1_U:‘|-1,| e "'"I-'-wl N Lot -
Broadcom, Vativ, Marvell / ey "rqﬁ,?ﬂ;'“-,.i 'f" i
May 2003 ‘ I
Avaya’s Experimental Model oy === -
-60 + 10*1og(f/100) = J > ——_————
=z rob 4 e m
3 -
2 /
Solar Flare E -20 _l [ |
(according to Sterling VadeT, L4
Superior Modular Products -€0 n ol T
=_I .li i
-100 f e | .
T T 0 0 SRS P 4
_120 1 1 | 1 | 1
u] 100 200 300 400 500 S00 7O0
Frequency (MHz)

*Data supplied

IEEE 802.3 — 10GEBT Study Group Interim Meeting by Nexans

Portsmouth, NH — May 21-22, 2003
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Summary

* Using recent ANEX measurements, there is every indication
that 10Gbps transmission over 100m of CAT-6 is possible, given a
target average BER of 10-12

* Since performance is ANEXT-limited, ANEXT specifications
need be finalized ASAP.
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