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Purpose
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❑ Explain the COM 4.1 Rx FFE determination algorithm



Review from COM 4.1 Update
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Rx FFE taps setting are 
determined  in the  

inner most loop



Inner Most Loop: Rx Feed Forward 
Equalizer (RxFFE) Determination Algorithm  
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❑ RxFFE settings are computed for each Tx, CTF, and sample point 
setting 
• These are called variable equalizer parameters (93A.1.6)

❑ A figure of merit (FOM) is used to select the best combination of settings
• The FOM is a signal to noise ratio (IEEE802.3 Eq 93A-3)
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• The last step of the inner most loop is to determine FOM



Rx Feed Forward Equalizer (FFE) 
Determination 
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❑ The Rx FFE is implemented in COM 4.1 is a least means squares (LMS) 
method

❑ The mechanics of the LMS method uses a desired response or forcing 
vector (FV) derived from the pulse response based on the following
• 𝐹𝑉 = 𝑃𝑅 ⊗ 𝐶  

Where C is a vector of Rx FFE tap coefficients and PR is the pulse response.

• C is solved for in each loop
• Vector forcing is adjusted for DFE

• The LMS method can comprehend noise for determination of C but further 
discussion is needed
• Consider the noise power is related to  𝜎𝑇𝑋
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The inner loop starts with a pulse response (PR)

IEEE P802.3dj 200 Gb/s, 400 Gb/s, 800 Gb/s, and 1.6 Tb/s Ethernet Task Force

F O R  E A C H  T X F F E  A N D  C T F  S E T T I N G

Apply CTF & 
Tx FFE setting

Un-equalized PR

PR



Vector Forcing Algorithm Description
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❑ The algothim starts with a PR

❑ The result is a set of RxFFE tap coefficients, C

❑ V is the sub sampled PR 

❑ V vector of UI spaced samples referenced to 
the sample point, Ts,  between cmx and cpx

• Where cmx and cpx are respectively 
the number of pre and post tap

❑ In this example the PR voltage at Ts is called 
“cur” or cursor

E x a m p l e :  c m x = 2  a n d  c p x = 3

Cur = v5

v4

v3

v7
v8

v6

V = [v3 v4 cur v6 v7 v8 ]



Forcing vector FV
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D E S I R E D  R E S P O N S E  I S  0  V  E V E R Y W H E R E  E X C E P T  AT  T H E  
C U R S O R  A N D  P O S T  C U R S O R

FV = [0 0 cur v6 0 0 ]

Cur = v5
v6

v6 in not allowed to be more the bmax(1)



Set up the matrix VV
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❑ At this point we have V and FV

❑ 𝐹𝑉 = 𝑃𝑅 ⊗ 𝐶 is a convolution operation 
• Convolution is a basically shifting and adding

❑ Rewriting in matrix form
• 𝐹𝑉 = 𝑉𝑉 ҧ𝐶 
• VV, the  convolution matrix, is pre-shifted instance of V

U S I N G  T H E  P R I O R  E X A M P L E  W H E R E  C M X = 2  A N D  C P X = 3

ts

V= [v1, v2, v3, v4, Cur, v6, v7, v8, v9, v10, v11]

VV=



Determine RxFFE taps

❑ The solution for C from 𝐹𝑉 = 𝑉𝑉 ҧ𝐶 is an LMS fit

❑ C becomes the RxFFE coefficients used in the inner loop
• ҧ𝐶 =  ( 𝑉𝑉 𝑇 𝑉𝑉 −1 𝑉𝑉 𝑇)𝑇𝐹𝑉𝑇

• C is normalized such that C(0)=1
• 𝐶 = 𝐶/𝐶(0)
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S O LV E  F O R  C



COM is Computed as before
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❑ Except that RxFFE has been added to the frequency domain filtering 
for crosstalk and through channels. 

❑ ISI and crosstalk frequency domain responses are converted to time 
domain and then to the statistical domain (1PDF).

❑ Other noise PDFs from eta_0, jitter, and SNR_Tx are computed

❑ The COM script proceeds to combine all the noise PDFs and 
determines total noise PDF which is converter to a noise 2CDF

❑ The total noise CDF and the available signal (As) are used to 
determine COM at DER0 

A F T E R  A L L  T H E  VA R I A B L E  E Q U A L I Z E R  S E T T I N G  A R E  A P P L I E D

1PDF probability density function
2CDF cumulate distribution function



Next steps
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❑ Consensus discussion on merits and methods for including noise in 
the Rx determination step
• Maybe VV= VV + randn(rank(VV))*noise

❑ Investigate/review modifications to VV to reduce the likelihood of ill 
condition matrix operations



Thank You!
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