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Introduction

e Defining MLSE for COM reference receivers was highlighted as one of the priorities in phase 1
(lusted 3dj elec 01 231207.pdf)

e 15t priority is to agree if MLSE representation is needed to be a part of the reference receiver

e January 11t 2024 dj ad hoc Straw Polls 6-9 were favorable particularly for CR/KR:

Straw Poll #6

| would support includin%the MLSE effect in COM for 200G/lane CR:
« Results (all): Y:33 N:6 A: 10

Straw Poll #7

| would support including the MLSE effect in COM for 200G/lane KR:
Results (all): Y:33, N:6, A: 10

Straw Poll #8
E\g&uld support including the MLSE effect in the reference RX for 200G/lane AUI
Results (all): Y: 20, N: 16, A: 13
Straw Poll #9

| would support including the MLSE effect in COM for 200G/lane AUI C2C:
Results (all): Y: 18, N:16, A: 14
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https://www.ieee802.org/3/dj/public/adhoc/electrical/23_1207/lusted_3dj_elec_01_231207.pdf

Introduction

e 2" priority is to find the best practical approach to achieve the 1t goal

e Considered options:
A. Use MLSE ACOM calculations based on the existing proposal
B. Use MLSE coding gain as a rough estimate
C. Relax COM margin by a constant amount

e January 11t 2024 dj ad hoc Straw Poll 10 favored Option A:

For the 200G/lane electrical interfaces having MLSE capability, the
MLSE solution approach that | prefer is:

A. Include MLSE COM calculations based on
shakiba_3dj elec_01 240111, slide 5 with MLSE implementation
penalty TBD)

B. Use MLSE coding gain as a rough estimate (i.e.
shakiba_3dj elec_ 01 240111, slide 6 middle graph and equation with
MLSE implementation penalty TBD)

C. Relax COM margin by a fixed amount (exact amount is TBD)
(choose one)
Results (all): A:32 ,B:2 ,C:7

e Next step is to further explore possibilities offered by Option A
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Summary of the Proposal (Option A)

e In its nutshell, the proposed method calculates
SNR advantage if the 1-tap DFE is replaced with
a 1+aD MLSE (o is the DFE tap)

e The proposal uses analysis to derive equations
needed to calculate this ASNR

e ASNR is calculated depending on the channel
and noise characteristics

e The proposal offers equation options based on
the thoroughness vs. complexity trade-off

e An MLSE implementation penalty (IP) (method
and value TBD) de-rates ASNR to yield ACOM

107!

=
o
N

Detector Error Ratio (DER)
= =
o OI

[
o
|

~J

10_8 -

=== ]1-Tap DFE
w—=1+aD MLSE

From Stepl

DER

Coding Gain
SNR = o
\ ¥

ACOM = ASNR - 1P

Improvement

-9
10
14

January 2024 IEEE 802.3 Interim

16 18 20 22
Signal to Noise Ratio (SNR) [dB]

24



Previous Contributions

e For details of the analysis and derivation of equations refer to:

November 2022 Original Proposal shakiba 3df 0la 2211.pdf

January 2023 Further Details shakiba_ 3dj 01 230116.pdf

February 2023 Recap shakiba 3dj _elec 01 230223.pdf
February 2023 First COM Matlab Code mellitz_3dj_elec_01a 230223.pdf
April 2023 First Update (Ul.a, Ul.b, Ul.c) shakiba 3dj _elec 01 230420.pdf
April 2023 MLSE Error Propagation shakiba_3dj elec_02 230420.pdf
January 2024 Recap and Test Data shakiba_3dj elec_01a 240104.pdf
January 2024 Executive Summary shakiba_3dj elec 01a 240111.pdf

e In particular:

« shakiba_3df 0la 2211.pdf suggested considering an implementation penalty at a later stage
« shakiba 3dj elec 01 230420.pdf explains three methods for calculating ACOM (IP not included)

< shakiba 3dj elec 0la 240111.pdf adds the implementation penalty as the last step in calculating ACOM
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https://www.ieee802.org/3/df/public/22_11/shakiba_3df_01a_2211.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0420/shakiba_3dj_elec_01_230420.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/24_0111/shakiba_3dj_elec_01a_240111.pdf
https://www.ieee802.org/3/df/public/22_11/shakiba_3df_01a_2211.pdf
https://www.ieee802.org/3/dj/public/23_01/23_0116/shakiba_3dj_01_230116.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0223/shakiba_3dj_elec_01_230223.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0223/mellitz_3dj_elec_01a_230223.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0420/shakiba_3dj_elec_01_230420.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0420/shakiba_3dj_elec_02_230420.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/24_0104/shakiba_3dj_elec_01a_240104.pdf
https://www.ieee802.org/3/dj/public/adhoc/electrical/24_0111/shakiba_3dj_elec_01a_240111.pdf

Current MLSE in Matlab COM Function v4.0 Betall (UO)

e The original equations of the proposal is coded in COM function v4.0

e The code methodically executed the steps by which the MLSE COM analysis was conducted
and presented (steps 1-5)

e Step 6 (implementation penalty) was not included at the time
e This first version used SER rather than DER and must be updated as per next slides

e Skipping the interim steps, purposely included for clarity of the analysis description, the
calculations boil down to:

o 3\’ Intermediate parameter
DERy;sg = 2 Zj (Z) (1 — CDF,pise (AS\/l +(G-1DA—-a)?+ a2)> <— directly calculated form the
=1 COM-generated data

1 1 1
ACOM =~ 20log,, <A— CDF}., <1 — 5 DERyLsg <§ + CDFyppise (1 — Za)AS)>>>
S
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Equation Options

e Based on the feedback, the following updated equations were provided
(shakiba 3dj elec 01 230420.pdf):

Ul.a) ACOM equation was updated based on target DER (as opposed to SER)

Ul.b) A more comprehensive MLSE noise PDF was employed in the ACOM equation

Ul.c) Effect of noise coloring was analyzed and added to the ACOM equation

e Equation UO is no-longer an option and should be updated (including COM Matlab function)

e The intend of this contribution is to provide background information and gauge support on
one of the above equation options

e If during this process a more compelling option emerges, it can be considered

January 2024 IEEE 802.3 Interim 8


https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0420/shakiba_3dj_elec_01_230420.pdf

Equation Option Ul.a (Baseline from Hereon)

e Changes the target from SER (UO) to DER

e This is the minimum update to implement

Intermediate parameter
DERy;sp = ZZ ( > (1 — CDanse A \/1 +(G-1DA—-a)’+a )) <——— directly calculated form the
COM-generated data

1 2
ACOM = 20 loglo (A CDFn_OlSB <1 - §DERMLSE>> - IP
S

e This is even simpler than U0 and executes at no noticeable time: [5lcu e Mo A entee - .

e The analysis is based on assuming the same input noise PDF/CDF profile for MLSE noise for all
error events (j) but scaling SNR individually for each event by aratioof 1+ (j — 1)(1 — @) + a?

e This is a simplifying compromise to reduce the computation complexity
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Equation Option Ul.b

e Built on Ul.a (maintains DER target)

e Uses an improved method to calculate the MLSE noise PDF/CDF profile individually for every
error event (PDFnoise,jEE / CDFnoise,jEE)

(0¢] 3 ] |
DERy1s =2 ). <Z> (1 = CDFotse jex(As (1 + (G = D(1 - )% +a?)))
j=1
Intermediate parameter

directly calculated form the

where CDF, ise jeE IS calculated from PDFy;se jrE: COM-generated data

PDFnoise,jEE(x) = PDFypise(x) * COHV{:ZPDFnoise(X/(l —a)) *x PDFy 50 (x/ )

1 2
ACOM =~ 20logy, (A— CDF, ). <1 — §DERMLSE>> —IP
S

e Less compromised than Ul.a at the expense of more computation

1 o |Calculating MLSE Advantage ...
® Stl” runs Very faSt' Elapsed time is 0.079546 seconds.
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Equation Option Ul.c

e Built on Ul.b (maintains DER target and improved MLSE noise calculation)

e Adds noise coloring effect by calculating the noise PSD and correlation matrix

3
(trace (pnoise,jEE) ) i

DERMLSE ~ 2 z <Z> 1- CDFnoise,jEE AS
j=1 \/Zvertical Zhorizental(pnOise,jEE)

ACOM =~ 201og;, <Ais CDF, e <1 — %DERMLSE>> —IP
e Uses the same MLSE noise PDF/CDF profile of U1l.b, but calculates SNR with noise coloring
e Some simplification as the MLSE noise PDF/CDF with coloring is not analytically computable
e Nevertheless, less compromised than Ul.b at the expense of a little more computation

e For more information on noise coloring and correlation see shakiba 3dj elec 01 230420.pdf
and also the backup slides

. * Run time is dominated by reading s4p files for
e Still runs reasonably fast™: Ei‘;;;;gtl?ﬁe"“f1‘?3;;‘2;?9;;@5_ calculating noise filters. Expected run time after
full integration with COM code is ~0.2s.
January 2024 IEEE 802.3 Interim 11



https://www.ieee802.org/3/dj/public/adhoc/electrical/23_0420/shakiba_3dj_elec_01_230420.pdf

January 2024

Equation

Option

Ul.a

Ul.b

Ul.c

Summary of Equation Options

Execution
. ) Reference —
Rating Runtime . Description
. Slide
Estimate
Good ~ 20ms 9 Baseline
Better ~ 80ms 10 Ul.a + Improved MLSE

noise calculation

Best ~200ms 11 Ul.b + Noise coloring

IEEE 802.3 Interim
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Channel # Channel Source

1
2
3-7
8—34
35-40
40-44
45 - 80
80— 88
89
90 -96
97 -100
101 -112

Test Channels

https://www.ieee802.org/3/dj/public/tools/CR/lim 3dj 03 230629.zip

https://www.ieee802.org/3/dj/public/tools/CR/lim 3dj 04 230629.zip

https://www.ieee802.org/3/dj/public/tools/CR/kocsis 3dj 02 2305.zip

https://www.ieee802.org/3/dj/public/tools/KR/mellitz 3dj 02 elec 230504.zip

https://www.ieee802.org/3/dj/public/tools/CR/shanbhag 3dj 01 2305.zip

https://www.ieee802.org/3/dj/public/tools/KR/shanbhag 3dj 02 2305.zip

https://www.ieee802.org/3/dj/public/tools/KR/weaver 3dj 02 2305.zip

https://www.ieee802.org/3/dj/public/tools/KR/weaver 3dj elec 01 230622.zip

https://www.ieee802.org/3/dj/public/tools/CR/lim 3dj 07 2309.zip

https://www.ieee802.org/3/dj/public/tools/KR/akinwale 3dj 01 2310.zip

https://www.ieee802.org/3/dj/public/tools/CR/akinwale 3dj 02 2311.zip

https://www.ieee802.org/3/dj/public/tools/CR/weaver 3dj 02 2311.zip

IEEE 802.3 Interim

13


https://www.ieee802.org/3/dj/public/tools/CR/lim_3dj_03_230629.zip
https://www.ieee802.org/3/dj/public/tools/CR/lim_3dj_04_230629.zip
https://www.ieee802.org/3/dj/public/tools/CR/kocsis_3dj_02_2305.zip
https://www.ieee802.org/3/dj/public/tools/KR/mellitz_3dj_02_elec_230504.zip
https://www.ieee802.org/3/dj/public/tools/CR/shanbhag_3dj_01_2305.zip
https://www.ieee802.org/3/dj/public/tools/KR/shanbhag_3dj_02_2305.zip
https://www.ieee802.org/3/dj/public/tools/KR/weaver_3dj_02_2305.zip
https://www.ieee802.org/3/dj/public/tools/KR/weaver_3dj_elec_01_230622.zip
https://www.ieee802.org/3/dj/public/tools/CR/lim_3dj_07_2309.zip
https://www.ieee802.org/3/dj/public/tools/KR/akinwale_3dj_01_2310.zip
https://www.ieee802.org/3/dj/public/tools/CR/akinwale_3dj_02_2311.zip
https://www.ieee802.org/3/dj/public/tools/CR/weaver_3dj_02_2311.zip

Test Channels
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e IL (channel only) ranges from 17.9dB to 36.6dB (average 27.5dB)
e For channels 104, 111, and 112 COM function did not converge

X4 Fa||ed to f|nd the f|Oating tap |Ocati0nS: Undefined function or wariable 'best_floating_tap_locations'.

January 2024

Error in com_ieeeB023 93a 420beta3l:optimize_fom {1ine 7212}
result.floating_tap_locations=hest_floating_tap_locations;

Error in com_ieeed023 93a 420beta3l {line 4220
fon_result = optimize_fon(OP,paran, chdata, sigma_bn,do_C2M);

IEEE 802.3 Interim
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COM Configuration and

Version

January 2024
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Table 9341 parameters 150 oonbrold Table 3A-3 parameters
Parameter Setting Units | mfor mnatiom DIAGNOSTICS = [¥] logeal Parameter Setting Units
b u 112 GEBd DISPLAY WINDOW [4] logial padkage tl gammal_al al [0.5E-3 0.BRE-3 0. 2E-3]
f_min 0.05 GHz C5W REPORT = [¥] logial package_tl Bu & 141E-03 ns mm
Dela_f 0.01 GHz RESULT_DIR Bl el 1I00CEL_KR_{dak], package 7 _c [87.587.5; 92.592.5] Crthm
C_d [O.4e-4 0. Fed 1 led; 0. 4240 Fe-4 1 lad] nF | T R SAVE_FIGURES [1] lomial
L= [0.130.150.14, 0.130.150.14] nH [TE X Fort Qwder L 1324 Table ¥2- 12 parameers
C b nF NELE RLUINTAG KR_sval_ Parameter Setting
z_psslect u [Z] [t @ses {0 nun] OOM_CONTRIBLITIONE [¥] logial board_tl gammal_al _al | [03.B30&e-04 9 0505%-05] ]
z_plTX] = ; 1. mam et @ses] Operational board_t_fau 5. TPED3 ms'mm
z_p [MEXT] L] . 1 I et @ses) O0M Paszs Theeshold 3 dB boamd_7_c 100 Ohm
z_p [FEXT) L] H I ot @ses) ERL Pass Thes hold [] dB z_bp (TX] 110.3 I
z_p [RX] [] ;L mam et @oes) DER O [] 1.00E-0d z_lbp [NEXT] 1103 mam
C_p u . nF NELES T_r 4 DOE-03 ns z_lbp [EEXT] __03 mam
R_D ] Crhm FORCE_TR u 1 logial z_lbp [RX] 110.3 mim
F_d [45 25 46 25 Ohm [TH ] Loml Seaxch z C 0 [0.Z9E4] F
A v = 0413 0 BREAD_CRUMES 1 logical T 1 [0 15E4] nF
A_fe u 0.413 W SAVE_ODONFIGEMAT 1 lomial Include PCB [4] lomial
A_ne u 0.&08 W PLOT_CM Floating Tap Conbrol
-!C_Ch_d_RMS [t @zes] TOR and ERL options N_bg 4 012 or 3 groups
L u TDR 1 logial M_bf 5 BE per group
M = u i lomial WN_f &0 Ul zpan for floating e
ERLC_TIMLY [+] logeal bmaxg 10,05 maxDFE value for floahing taps
fr u i) TR_TDR 0.01 ns B float_RS5 MAX 0.02 == il ap limit
<i0] = min N 3500 M_til_start 25 (L) fart of Gil s limit
c[-1] = min: sEp: m.ax) beta_x [+] ICH parameters (v2.73+)
cf-2] min: sEp: max] rho_x 0.618 fw 0.528 *Fb
o-3] [0 20020 mvin: s mas] fotue delay time ® [O O] [portl port2] ff 0.528 ‘Fb
C[-4) [D:0.02:0. 1] min;: siEp: max] TOR W _THPHG [¥] fmn 0.528 "Fb
CI-51 [+] min: siEp:m.ax] M_bx 21 Ul f_2 80 GHz
Cl-&] [+] min: sEp: m.ax) Tukay Window 1 logial A_ft 0.6 ",:
cf1]} u [0, 2:0.02:0] min: sEp: max] Maoke, lker A_nt 0.6 W
M b L 1 1] sigma_RJ = 0.01 1]
b_max[1} = 0.85 Asydffel A_DD u 0.02 Ul Receher testing
b_max(2 N_b) ™ [0.310.2" ones(1,22]] As/die2. N_b ™ e 0 = 5. O0E-D% W 2GHE RX_CALIBRATION L] logial
b_mnin( 1} = 0.3 As/dffel SME_TX 33 dB Sigma BEM sep S.D0ED3 W
b min[2. . N_b) = [-0.3 -0.2" ones(1, 23] As/die2. M_b B R_LM 0. %5
g_DC u [-20:1:0] dB [min: sEep: meax]
fz u 44 B GHz
1 u 44 8 GHz 1 . 1
—_ et i e COM Version: com_ieee8023 93a_420beta3L
g_D_-C_HF' [-&: 1:0] [min: sep: max]
A 14 o % Calculates MLSE ACOM based on SER (U0)
MLSE 1
z . . .
e 7 e COM Version: com_ieee8023 93a_420beta3L_hs1p0
fie_tap_dep sie [+] .
T wnain_arsormi 07 < Calculates MLSE ACOM based on SER (U0), DER (U1.a), with the
Te_pe _Bpl_max 0.7 . . .
e pod_Bpl_mar 07 improved MLSE noise for white (U1.b) and colored (U1.c)
= hE‘n_ma = . . . . .
R z N < Will be made available if there is interest
f-fr_— bz 4 float FFE groups . . . .
X1 Y B pr gouy e Both versions also calculate for Gaussian noise scenarios
= [E mnge
LF_PeTap Ext 10 LF FFE pre-tap ext . . .
T 0 rrietboot | @ Implementation penalty still not included
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e UO should be discarded, this slide is FYI if you have already used COM function MLSE
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Test Channel Results — UO
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e Currently COM function ignores MLSE and reports ACOM = 0 if the original COM is negative

e As a result 16 cases were not considered for MLSE calculations (also removed in next slides)
<« Channels: 3, 4, 37, 39, 40, 89, 91, 92, 97, 98, 99, 100, 102, 103, 108, 110

e If needed, this screening can be relaxed to allow more channels to be considered

e Implementation penalty not applied

January 2024
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Test Channel Results — Updating to Ul.a, Ul.b, Ul.c

IP not applied

January 2024
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COM with MLSE (Ul.a)
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Test Channel Results — U1l.a, Ul.b, Ul.c vs. UO

e UO should be discarded, this slide is FYI if you have already used COM function MLSE

e Updated equations on average predict less ACOM

e Gap widens as updates
kick in
e MLSE becomes more

channel dependent
as updates kick in

e Noise coloring makes the
most effect and in some
cases gives better results

e Suggests favoring Ul.b
and Ul.cover Ul.a

e |P not applied

January 2024

ACOM [dB]
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0 0.5 1 1.5 2 2.5 3 ) 0 10 20 30 40 50 60 70 80 90 100110120
ACOM UO [dB] Channel #
uo Ul.a Ul.b Ul.c
(Currently Reported (Excludes Error (Ul.a + Improved (U1.b + Noise
by the COM Function) Propagation) MLSE Noise PDF) Coloring)
ACOM (Average) 2.14 1.98 1.87 1.82
Difference (Average) 0 -0.16 -0.27 -0.32

IEEE 802.3 Interim
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White (U1.b) or Colored (Ul.c)?

e From the test channel results:

Correlation between ACOM w/ and wo/ Coloring

N
i

]
T

o § For
&0 © B

ACOM Ul.c [dB]
H
(- v

o
i

GG 0:5 i&comll;i.b [dBi;- 2j5 ’

e Correlation between ACOM calculated with (Ul.c) and without (U1.b) noise coloring is weak
e It is a good idea to include the effect of noise coloring (Ul.c)

e Implementation penalty not applied

January 2024 IEEE 802.3 Interim 19



Actual or Gaussian Noise?

e Is using Gaussian noise PDF instead of the actual PDF something to consider?

Ula Ul.b

Ul.c
3 T T T T T 3 T
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(=]

o

e Using the actual noise PDF (as calculated by the COM function) makes more sense as the
accuracy of the MLSE calculator improves

e These test channel results do not guarantee results for other channels

e COM calculates and is fundamentally based on the actual noise PDF, there is no compelling
reason to use Gaussian (may still help to use as a reference to crosscheck and debug)

e Implementation penalty not applied
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Summary and Conclusions

e Representing MLSE in COM reference receiver for CR/KR was supported by a straw poll
e Using the MLSE proposal was supported by a straw poll

e The proposal provides possibility to choose from three equation options based on the
thoroughness vs. complexity trade-off

e These three equation options were presented and compared using data from a set of test
channels (93 yielded out of 112 channels)

e Three equation options include an MLSE implementation penalty (TBD)

e A customized version of the COM function that supports three equation options and runs
reasonably fast is available (if there is interest)

+ Code quickly put together, not optimized, and currently requires Matlab toolboxes for non-essential functions

e Need consensus to refine which equation option to use
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Noise Filters and Correlation Matrix

e Correlation matrix p,,;se jr IS Calculated from the correlation coefficients of the noise:

1 —(1—-a)p, +(1 —a)p; (—1)j+10‘,0j

Correlation
_ _ _ 2 _ _ 2 i
(1-a)p_q (1 “3 (1-a) 1 (=D a(1-a)pj_y coefficients in RED
Proise,jer = | T(1 = a)p— —(1-a)*p, (1-a) (D ta(l - a)pj_, are due to noise
(D apy (-Dal - ap-gony DIl = a)p_goa) 2 coloring.

e Correlation coefficients are obtained from inverse Fourier transform of the overall noise PSD:
Ryn(7) = F_l{PSDnoise}
e Noise PSD is obtained as power sum of the individual noise PSDs, each calculated based on
their corresponding shaping filters (next slides)

PSDyoise = PSDy + PSDry + PSDyr + PSD;g; + PSD,

e There is calculation overlap with the method recently considered or RX FFE optimization
(healey 3dj elec 0la 240111.pdf) that cane be leveraged
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https://www.ieee802.org/3/dj/public/adhoc/electrical/24_0111/healey_3dj_elec_01a_240111.pdf

Noise Shaping Filters — eta0

e Appendix 93A:
oy = M, L 2 (NH, AN df (93A-35)
H(f) = - i . (93A—20)
| —3.414214(7/5) + (F/£)' +j2.613126(F/F.—(F/£.))
¢ B y ¢ Eboz \
|mz-;:- _j.i"“mm j_f‘
H {f) = — (93A-22)
A |]—_jf|' f] 1+
f p: fl“"
e Now RX FFE should be added, similar to (93A-21) for TX:
Hy(f) = Z:__lf‘lf}wm{—flﬂﬁ + 177 1f5)) (93A-21) Need a similar expression for RX FFE
e eta0 noise coloring filter:
RX Colored Noise
White Noise — H,.(f) » Her(f) » Hoyrre(f) [—>  with Power o3

and PSDy
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e Appendix 93A:

Noise Shaping Filters — TX SNR

ﬁn

J'rm{?‘_]
X =

fffm Z

()T
= [T x0HE () expG2rfr)df
A, Tysinc(fT,)

H(f) = Hy(DH(NH (DH(NH, A
D exp2n( + 1)(/f))

2| MR/ 10

H(f) = pr{—?[nfi‘"r;'],{1832}3]

Hf) =

1

H () = -

1—31113113};{}3

U"f}" Fi2613126(F/ f.—(F/£.))

10710 f\
RERATSTY A
|1 ‘rf;ul J;)jxl fr/

e Now RX FFE should be added, similar to (93A-21) for TX:

Hyo(f) = Z:__

e TX noise coloring filter:

White Noise —

X(f)

January 2024

\ 4

Hefe(f)

\ 4

H(f)

Thru Channel

@ exp(T2n + D7)

\ 4

Hy? ()

(93A-30)
(93A-24)
(93A-23)
(93A—19)
(93A-21)
(93A—46)

(93A-20)

(93A-22)

(93A=21)
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\ 4

H,(f)

\ 4

Hctf(f)

\ 4

erffe(f) — >

Need a similar expression for RX FFE

TX SNR Colored Noise
with Power o2y
and PSDry
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Noise Shaping Filters — Xtalk

Need a similar expression for RX FFE

e Appendix 93A: ot = 2aoilof"T (93A-34)
[o]’ —#Lr_,lh (m/M+m)Ty)] (93A-33)
'5;. - g (93 A—29)
1)
10 = [ XOHD () exp(2nft)df (93A-24)
X(f) = A,Tysinc(fT,) (93A-23)
H™(f) = Hy(DHNHS (DH(NH, ) (93A—19)
Hy() = 3 e(exp(z2a(i+ D(1) (93A-21)
H{f) = exp(—2(nfT,/1.6832)") (93A—46)
B0 - ] (93A-20)
1—3111211(;’;;'} {ff} H72.613126(F/ £, — (F/£.))
i
107 o107 L \
H _ (93A-22)
A I]—;fl']— f] 1 +
PSR A fr”
e Now RX FFE should be added, similar to (93A-21) for TX:
Hy() = 3 e(exp(z2a(i+ D(1) (93A-21)
e Xtalk noise coloring filter: Ytalk Channels
. . | | | | [ [ [ .
White Noise === x(f) = Hrre (F) H={H: () F= 1Y () H={H (D) F={Heer (F) B Hyapre (F) H—
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Xtalk Colored Noise
with Power o2,
and PSDxr
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Noise Shaping Filters — ISI and Jitter

e Appendix 93A:

orss = O¢ Dy (93A-31)

65 = (dhp+ ooy ;ff&(”} (93A—32)
e IS| and jitter noises are assumed to remain white, but within the Nyquist bandwidth

HAf) = - : (93A-20) Arbitrary and reasonable choice

1 —3.414214(/7F.)" + (F/F)' +72.613126(F7/ F.—(F/F.))

e ISI noise filter:

ISI Noise
th- . . .
White Noise 4t-order Nyquist LPF Nyc.|wst BW ngte
H,(f) with Power os;
and PSDygq,
e Jitter noise filter:
Jitter Noise
. . 4th-order Nyquist LPF Nyquist BW White
White Noise —— H.(f) —° with Power of
and PSD,
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