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Signal and Systems ImpairmentsSignal and Systems Impairments

A-NEXT CompensationAlien-NEXT

Channel CodingResidual Noise/Insertion Loss

ECHO CancellationReturn Loss (ECHO)

FEXT CancellationFar-End Cross-Talk (FEXT)

NEXT CancellationNear-End Cross-Talk (NEXT)

Channel Equalization (using DFE)Dispersion 

Mitigation TechniqueSignal Impairment



Channel Characteristics for CATChannel Characteristics for CAT-- 6 6 
Measured data provided by Measured data provided by NexansNexans



CATCAT-- 6 Insertion Loss Responses6 Insertion Loss Responses
Measured data provided byMeasured data provided by NexansNexans



MIMO DFE OutputMIMO DFE Output

-- 10 10 Gbps Gbps Transmission Requires 3 bits/sym at 833 MTransmission Requires 3 bits/sym at 833 M--Symbols/secSymbols/sec
-- 1010--PAM ( 3 bits/sym + parity ) Signaling with TCMPAM ( 3 bits/sym + parity ) Signaling with TCM
-- EyeEye--Closure due to the increased No. of PAM levels Closure due to the increased No. of PAM levels ⇒⇒ High coding gain neededHigh coding gain needed

ISI Channel (~100 T ) DFE

40 dB SIR, 8-PAM 40 dB SIR, 10-PAM 



DFE “open eye” performanceDFE “open eye” performance

SER:3.9x10-4

10-PAM
833 Msym/sec * 3 bit/sym = 2.5 Gbps

2.5 Gbps * 4 Lines = 10 Gbps

833 M 
Symbols/sec

SER: 7.8x10-6

8-PAM
833 Msym/sec * 3 bit/sym = 2.5 Gbps

2.5 Gbps * 4 Lines = 10 Gbps

833 M 
Symbols/sec

SER: 1.08x10-3

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

2.5 Gbps * 4 Lines = 10 Gbps

625 M 
Symbols/sec

Remarks40 dB SIR

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



Frequency ResponsesFrequency Responses



Learning Curves for LMS (NEXT) MIMO Learning Curves for LMS (NEXT) MIMO 
CancellerCanceller

(a) : Constant Step Size                              (b) : Varying Step Size



Results using LMS MIMO Results using LMS MIMO 
CancellersCancellers



Features of LMS MIMO CancellersFeatures of LMS MIMO Cancellers

76dB76dB34dB34dB60dB60dBCancellation Cancellation 
achievedachieved

113333No. of cancellers No. of cancellers 
requiredrequired

LMSLMSLMSLMSLMSLMSAlgorithmAlgorithm

400004000040000400004000040000# of iterations# of iterations

515515570570530530# of taps# of taps

Echo CancellersEcho CancellersFEXT CancellersFEXT CancellersNEXT CancellersNEXT Cancellers



Effect of Number of MIMO Cancellers Taps on SIR PerformanceEffect of Number of MIMO Cancellers Taps on SIR Performance



Theoretical CATTheoretical CAT-- 6 Cables Capacity6 Cables Capacity

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

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



Theoretical CATTheoretical CAT-- 6 Cables Capacity6 Cables Capacity

60,60,60,0

60,60,60,5

75,75,75,0

75,75,75,5



System ParametersSystem Parameters

Modulation:Modulation: PAM PAM [M = 10][M = 10]

Pulse Shape:Pulse Shape: Raised cosine  Raised cosine  [ [ αα = 8% ]= 8% ]

MIMO Cancellers:MIMO Cancellers: LMSLMS [~ 500 taps ][~ 500 taps ]

MIMO Equalizer:MIMO Equalizer: DFEDFE [120 FF, 100FB][120 FF, 100FB]

Baseline FEC:Baseline FEC: TCMTCM [4[4--D]D]

Launch Power:Launch Power: 10dBM (3V P10dBM (3V P--P)P)

Background Noise Level : Background Noise Level : --150dBm/Hz150dBm/Hz



MATLAB BlocksMATLAB Blocks



Why Multi DimensionalWhy Multi Dimensional

13-bit      
output

FEC 
Encoder

Viterbi 
Decoder

12-bit      
input

Signal point selector
{TxA TxB TxC TxD}
(TxA, B, C, D: 10-PAM) TxC

TxA

TxB

TxD

12-bit      
output

3 bits      

3 bits      

3 bits      

3 bits      213

104

24

17

4 bits      FEC Encoder3 bits      Signal point selector {TxA 17-PAM } Decoder

3 bits      

3 bits      

3 bits      FEC Encoder

FEC Encoder

FEC Encoder

Signal point selector {TxA 17-PAM }

Signal point selector {TxA 17-PAM }

Signal point selector {TxA 17-PAM }

Decoder

Decoder

Decoder 3 bits      

3 bits      

3 bits      

3 bits      

1 D

4 D

17 PAM

10 PAM

~ 6 dB loss



4D TCM (AWGN)4D TCM (AWGN)



….. the same scheme was 
tested on CAT- 6 (ISI) channel ….



TCM + DFE : Conventional structure

(4-D TCM) Viterbi 
Decoder

FF

{Decoded}       
Output

{Rx} :     
From channel

FB

DFE



TCM + DFE Results (CAT- 6 Channel)



After examining various possibilities, it 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 ….

TCM + DFE over CATTCM + DFE over CAT-- 6 Channel6 Channel



TCM + DFE : Correct Symbol feedback

Correct (Transmitted) 
Symbols  fed back

FB

FF

TCM Viterbi 
Decoder

{Rx} :      From 
channel

{Decoded}       
Output



Correct Symbol feedback : ResultsCorrect Symbol feedback : Results



Joint Equalization and Decoding : Joint Equalization and Decoding : SPFESPFE

The success of correct symbol feedback 
prompted us to place the decoder inside the 
DFE loop. This scheme of implementation is 
called the Survivor Path Feedback Equalizer 
(SPFE). 



Survivor Path Feedback EqualizerSurvivor Path Feedback Equalizer

TCM Viterbi Decoder {Decoded}       
Output

116100

FF

FB

8 Surviving 
paths Fed Back

{Rx} :
From Channel

• Each surviving path in the trellis is considered as a possible Tx
• 1st symbol has no pre curser ISI, if detected correctly, 

it can correct the ISI in 2nd symbol … and so on …



Survivor Path Feedback Survivor Path Feedback 
Equalizer :ResultsEqualizer :Results



SISO
Equalizer

SISO
Decoder

De-
interleaver

Interleaver
Extrinsic Information

Estimated
Data

RX Signal
From Channel

Convolutional Code

TCM

SOVA

MAP

Number of 
States

10100=?
SOVA

MAP

DFE

LE

Can not 
afford to 

increase BW

TURBO EqualizerTURBO Equalizer



TURBO EqualizationTURBO Equalization

Soft IC based Turbo Equalization 

MMSE Equalization

CAT- 6, BPSK , rate ½ code , 833Mbaud



0.5 0.5

0.71

MAP Equalization

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

TURBO Equalizer applied to TCMTURBO Equalizer applied to TCM

Magniez & Duhamel VTC’99



SISO

Decoder

For 

TCM

SISO Equalizer 1 De-interleaver

Interleaver
Extrinsic 

Information

Estimated
DataRX 

Signal
From

Channel

SISO Equalizer 2 De-interleaver

Interleaver

SISO Equalizer 3 De-interleaver

Interleaver

SISO Equalizer 4 De-interleaver

Interleaver

Extrinsic 
Information

Extrinsic 
Information

Extrinsic 
Information

Anticipated RX structureAnticipated RX structure



ANEXT IssueANEXT Issue

Avaya’s Experimental Model
-60 + 10*log(f/100)

Solar Flare
(according to Sterling Vaden, 

Superior Modular Products

Broadcom, Vativ, Marvell
May 2003



SummarySummary

• 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.



Thank you 


