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Key pointsKey points

One fixed precoding response, One fixed precoding response, hhIIRIIR(D(D), ), 
suffices for all cable types & lengths.suffices for all cable types & lengths.

hhIIRIIR(D(D) is designed for worst case conditions: ) is designed for worst case conditions: 
maximum cable length + ANEXT + AWGN.maximum cable length + ANEXT + AWGN.

DecisionDecision--point SNR increases rapidly with point SNR increases rapidly with 
shorter cable length despite precoder mismatch shorter cable length despite precoder mismatch 

causing noncausing non--minimum colored noise.minimum colored noise.
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Assumed modulation and codingAssumed modulation and coding

1. RS(255,239) + 8-PAM 4d 16st TCM
239/255 x 11/4 = 2.5775 bit/sym x 969.93 Mbaud = 2.5 Gbit/s per pair
Minimal decision-point SNR required for BER ≤ 10-12: SNRreq ≈ 20 dB

2. RS(255,239) + 12-PAM 4d 16st TCM
239/255 x 13*/4 = 3.0461 bit/sym x 820.72 Mbaud = 2.5 Gbit/s per pair
Minimal decision-point SNR required for BER ≤ 10-12: SNRreq ≈ 23 dB

3. RS(255,239) + 16-PAM 4d 16st TCM
239/255 x 15/4 = 3.5147 bit/sym x 711.30 Mbaud = 2.5 Gbit/s per pair
Minimal decision-point SNR required for BER ≤ 10-12: SNRreq ≈ 26 dB

Interleaving: NxI row-column interleaving of RS bytes + periodic interleaving 
of J TCM encoded symbol streams (N = 255, I = 4 - 8; J = 4 - 8).

* 13 = floor( log2 (124/2) )
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10GBASE10GBASE--T cable models T cable models →→ variablevariable--length cable modelslength cable models

Complex-valued cable-transfer function
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Model #1 (Cat 7, shielded) , 100 m → cabtyp “ClassF” : Rs=9.48 Ω/m,  Rd=1.7 mΩ/m, X1=60 dB

Model #2 (Cat 6, unshielded) , 55 m → cabtyp “ClassEu” : Rs=9.85 Ω/m,  Rd=3.5 mΩ/m, X1=47 dB

Model #3 (Cat 6, shielded) , 100 m → cabtyp “ClassEs” : Rs=9.85 Ω/m,  Rd=3.5 mΩ/m, X1=62 dB
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dielectric loss
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Fitting cable Model #3Fitting cable Model #3
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10GBASE10GBASE--T PAM transmission model (one pair)T PAM transmission model (one pair)
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Modulation rate fT = 820.72 Mbaud, PT = 5 dBm
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fT = 820.72 Mbaud, PT = 5 dBm, ideal TF → ST(f; 0.025,0.25,0.5)
cabtyp “ClassEs”, cablen = 100m, ANEXT + AWGN (N0 = -140 dBm/Hz)
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Optimal precoding response Optimal precoding response (=FBF (=FBF coeffscoeffs of ideal DFE)of ideal DFE)
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fT = 820.72 Mbaud, PT = 5 dBm, ideal TF → ST(f; 0.025,0.25,0.5)
cabtyp “ClassEs”, cablen = 100m, ANEXT + AWGN (N0 = -140 dBm/Hz)
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Fixed rational precoding response Fixed rational precoding response hhIIRIIR(D(D))
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Precoder for rational precoding response Precoder for rational precoding response hhIIRIIR(D(D))
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Results on SNR Results on SNR vsvs cable length: next 5 slidescable length: next 5 slides

• Common assumptions
− Ideal TF → ST(f; 0.025,0.25,0.5)
− PT = 5 dBm;  alien NEXT + AWGN (-140 dBm/Hz)
− receiver equalization: MF + mmse FFE (T-spaced).

1. Cable type = “ClassF”,    fT = 820.72 Mbaud (12-PAM)

2. Cable type = “ClassEu”,  fT = 820.72 Mbaud (12-PAM)

3. Cable type = “ClassEs”,  fT = 820.72 Mbaud (12-PAM)

4. Cable type = “ClassEs”,  fT = 969.93 Mbaud (  8-PAM)

5. Cable type = “ClassEs”,  fT = 711.30 Mbaud (16-PAM)

• Each slide showing two curves
a) optimum h(D) for each cable length
b) fixed hIIR(D)
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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Practical continuousPractical continuous--time transmit filter (TF)time transmit filter (TF)
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Practical continuousPractical continuous--time receive filter (time receive filter (pRFpRF))
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Results on SNR Results on SNR vsvs cable length: next 2 slidescable length: next 2 slides

• Common assumptions
− TF = modified 5-th order Butterworth filter with dc null
− PT = 5 dBm;  alien NEXT + AWGN (-140 dBm/Hz)

1. Cable type = “ClassEs”,  fT = 820.72 Mbaud (12-PAM)

2. Cable type = “ClassEu”,  fT = 820.72 Mbaud (12-PAM)

• Each slide showing three curves 
a) optimum h(D) for each cable length;  MF + mmse FFE = mmse WMF
b) fixed hIIR(D);  MF + mmse FFE
c) fixed hIIR(D);  pRF + mmse FFE with worst-case sampling phase
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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SNR SNR vsvs cable length: optimal cable length: optimal h(Dh(D) and fixed ) and fixed hhIIRIIR(D(D))
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FeedFeed--forward equalizer (FFE): the only variable filterforward equalizer (FFE): the only variable filter
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Precoder simulation: 8Precoder simulation: 8--PAM using PAM using hhIIRIIR(D(D))
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Precoder simulation: 8Precoder simulation: 8--PAM using PAM using hhIIRIIR(D(D))
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ConclusionsConclusions

• One fixed precoding polynomial is sufficient for all 
cable types and length.

• Performance loss due to practical continuous-time 
TX and RCV filters is < 1 dB. Further optimization of 
initial filter designs may result only in small 
improvements.

• The only variable filter is the feed-forward equalizer 
(FFE), which requires a time span of 32 T to 
compensate for 0 – 100 m variations in cable length 
(for one pair).

• Additional FFE span will be needed to cope with 
delay skew and FEXT in a four-pair matrix FFE.  


