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Introduction

e In contribution shakiba 3dj 02 2405.pdf effects of including ADC quantization noise in COM
channel compliance verifications was analyzed and its significance was demonstrated

e Similarly, contribution healey 3dj 01b 2405.pdf also considered adding a new eta_1 noise
term between CTLE and RxFFE to represent quantization noise

e This contribution also suggested another option that scales the existing eta_0 noise term

e Straw poll #1 in the May interim meeting did not support Straw Poll #1

| support adding a new noise term (such as ‘eta_1" in

a d d it i O n Of a n eW n O i S e te r m healey_3dj_01a_2405, slide 6) to the COM reference receiver.

Results (all) Y: 13, ,N:37 , A: 31

e Despite that, there has been continuous interest and request to include this capability to the
COM Matlab code for the purposes of investigations and explorations

e With the capability added, parameter ENOB, which represents ADC number of bits, can be set
to a non-positive number (defaulted to 0) to disable the feature for standard COM channel

Compliance purposes
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https://www.ieee802.org/3/dj/public/24_05/shakiba_3dj_02_2405.pdf
https://www.ieee802.org/3/dj/public/24_05/healey_3dj_01b_2405.pdf

Background

e Quantization noise is a new noise term added between CTLE and RxFFE
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Quantization Noise

e It is modeled by a uniform distribution over —LSB/2 to +LSB/2
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e ADC clip level is chosen so that clipping frequency is low

+ User defined and defaulted to the target error rate (parameter adc_clip_rate)

e For details see contribution shakiba 3dj 02 2405.pdf
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Changes to the Code (1 of 8)

1) Insert 5 lines:

< Saves pulse response and its sampled values and sampling times at the CTLE output

541 - chdatali).eq_inp_response=eq_1ir;

542 - eq_pulse=filter{ones(l, param.samnples_per_ui), 1, chdatali).eg_inp_response);

8432

a44 - if dsequalichdataii).type, 'FEXT') || dsequal{chdataii).type, 'THRU'}

ad45 - eq_pulse = FFE({ fom_result.txffe ,fom_result.cur-1 , param.samples_per_ui, eg_pulse J;
a4 - end

841 - chdatali).eq_inp_response=eq_ir;

8242 - W eq_pulse=filter{ones{l, param.sanples_per_uil}, 1, chdatafil}.eq_imnp_responsel;

543 ¥ Mext 4 1ines sawve pulse response and its sampled walues and times at the CTLE output, needed for guantization noise
544 - chdatali).ctle_pulse = eg_pulse;

8345 - [~, sample_start] = min{abs{chdata(i).t-fon_result.sanpled_best_shr_precursors_t{13)7;

546 - chdatali).ctle_pulse_s = eg_pulselsamnple_start:paran.sanples_per_ui:end);

2347 - chdatafi).t_s = chdata(i).t{sanple_start:paran.sanples_per_ui:end);

a4

249 - if dsequal{chdatalil).twvpe, 'FEXT') || dsequallchdatali).type, 'THRU')

a5l - eqg_pulse = FFEC fom_result.txffe ,fom_result.cur-1 , param.samples_per_ui, eg_pulse J;
a5l - end
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Changes to the Code (2 of 8)

2) Insert 28 lines:

+ If ENOB is positive, calculates ADC clipping level and LSB and quantization noise PDF at the injection point and
after RXFFE and adds it to the overall noise PDF

1483 % Eguation 93A-45
1484 - comnbined_interference_and_noise_pdf = conv_fotiNS.isi_and_xtalk_pdf, MS.noise_pdf);
1485 - FOF=combined_interference_and_noise_pdf;
1436
1457 % Equation 93A-37
1488 % Equation 93A-45
1489 - Wecombined_interference_and_noise_pdf = conv_foct(NS.1si_and_xtalk_pdf, NS.noise_pdf);
1430 % The following 1f statement calculates guantization noise PDOF and adds 1 to the total noise 1f EMOE 12 positive
1491 - if param.ENCE = O
1492 - ctle_signal_pdf = get_pdf_fron_sanpled_signal{chdata(l)}.ctle_pulse_s, param.levels, param.delta_y);
1493 - ctle_signal_noise_pdf = conv_fot(ctle_signal_pdf, combined_interference_and_noise_pdf);
1494 - ctle_signal_noise_cdf = cumsun(ctle_signal_noise_pdf.y);
1435 - adc_clip = -COF_inv_ev(paran.adc_clip_rate, ctle_signal_noise_pdf, ctle_signal_noise_cdf);
1496 - ctle_pulse_signa = sgrifsuni(ctle_signal_pdf.x.A2).*ctle_signal_pdf.v)];
1497 - adc_Tsh = 2%adc_clip/(2hparam .ENOBE-1);
1498 - MS.signa_0 = adc_1sh/sgrt{l2);
14595 - MS.sigma_before_clip = ctle_pulse_signa;
1500 - MS.peak_clip = adc_clip;
1501 - MS.p2ptosigna_clip = 2%adc_clip/ctle_pulse_sigmna;
1502 - guantization_noise_pdf = comnbined_interference_and_noise_pdf; % This 1s to copy the fields of the structure
1503 - [~, adc_ind_right] = min(abs{quantization_noise_pdf.x-adc_1sh/2));
1504 - [~, adc_ind_left] = minfabsi{guantization_noise_pdf.x+adc_1sh/237;
1505 - guantization_noise_pdf.y = zeros(sizelguantization_noise_pdf.x));
1506 - guantization_noise_pdf.y(adc_ind_left:adc_ind_right) = 1/(adc_ind_right-adc_ind_left+1);
1507 % Calculate guantization noise POF after RxFFE
1508 - h_rxffe = fon_result.Rx<FFEfind{fon_result.RxFFE ~= 0));
1509 - for irxffe = 1:length{h_r=ffe)
1510 - if irxffe ~= param.ffe_pre_tap_len
1511 - guantization_noise_pdf_scale = scaleFDF(quantization_noise_pdf, abs(h_rxffe(ir«ffel));
1512 - guantization_noise_pdf = conv_foct{quantization_noise_pdf, guantization_noise_pdf_scale);
1512 - end
1514 - end
1515 - combined_interference_and_noise_pdf = conv_fot{conbined_interference_and_noise_pdf, guantization_noise_pdf);
1516 - M5.guantization_noise_pdf = guantization_noise_pdf;
1517 - encd
1518 - POF=conbined_interference_and_noise_pdf;
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Changes to the Code (3 of 8)

3) Insert 7 lines

« If ENOB is positive, registers quantization noise data

2852 % r259 putting COM, YEO and loss last in report
2853 % output_args MWEO_normalized = (A_s-A_ni)/ A_s;
2854 - output_args. VEC_dE = COM_3NE_Struct.VEC_dE;
2855 - output_args VEO_nY = COM_SMNR_Struct.WED_mW;

2885 % r259 putting COM, VEO and loss Tast in report

Patals \ 2 output_args. WVED_normalized = (A _s-A_nil/ A_s;

2887 % The following 1T statement registers guantization noise data i ENOE 13 positive

2888 - if param.ENOE = 0O

2859 - output_args.sgn_0 = Nodise_Struct.sigma_(;

2890 - output_args.signa_before_clip = MNoise_Struct.sigma_before_clip;

2891 - output_args.peak_clip = MNoise_Struct.peak_clip;

2892 - output_args.pZptosigna_clip = Noise_Struct.pZptosigma_clip;

2893 - end

2894 - output_args.VEC_dE = COM_SNE_Struct.VEC_dE;

2895 - output_args. VEO_mY = COM_SNE_Struct.VEO_m';
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Changes to the Code (4 & 5 of 8)

4 & 5) Insert 19 lines, and insert 1 line and change 1 line
« If ENOB is positive, calculates quantization noise PSD, otherwise sets it to O
< Adds guantization noise PSD to the overall PSD

5208 % result.5_jn
E=209 - result.5 n=result.S_rn+ result.S_tn+ result.S_xn+ result.S_jn;
210 - result.5_n_rns = sgri(sumnfresult.S_nJ* delta_f);
5311
L312 E
5313 %% Hisi to be included in MLSE rho eq 178a-28
G348 % result.5_gn
5349 % The following 1f statement calculates or zeroes guantization nolse FSD based on ENOE
L350 - if param.ENOE = O
£3E51 - if OFP.INCLUDE_CTLE ==
L3EZ2 - eq_ir = TO_CTLE{chdata{1).uneg_imp_response, paran.th, param.CTLE_fz{1), paran.CTLE_fp1{1}, param.CTLE_fp2{1), G_DC, param.samples_per_ui);
L3E3 - eg_ir = TD_CTLE(eq_ir, param.fh, param.f _HF{1), param.f_HF{1), 1002100 , C_DCZ, param.samples_per_uil;
5354 - glse
G355 - en_ir = chdatall).uneg_inp_response;
L35G - end
L3IEY - ctle_pulse = filter(ones{l, paramn.sanples_per_uiy, 1, eq_ir);
L3EE - ind_max = find(ctle_pulse == max(ctle_pulse));
L35S - adc_clip = sum{abs{[ctle_pulselind_max-paran.sanples_per_ui:-paran.sanples_per_ui:1); ctle_pulselind_max:paran.sanples_per_ui:end)]));
L3I0 - adc_lsh = 2%adc_clip/(2fparan .EMOE-17);
L3el - signa_0 = adc_lsh/sgrtl2);
L3EZ - 5_gn = sigma_0A2/ (length{result.5_rnd*delta_f)*ones(sizelresult.5_rnl);
L3623 - result.5_gn = 5_gn;
L3gd - result.gn_rns = sgrti{sum(result.S_gn)* delta_f);
E3ES - else
E3EG - result.5_gn = 0;
L3R - end
G362 % The folloeing 1ine change adds guantization noise PSD to the overall noise PSD
369 result.S_n=result.5_rn+ result.S_tn+ result.S_=n+ result.S5_jn;
L3700 - result.5_n=result.5_rn+ result.S_tn+ result.S_«<n+ result.5_jn+ result.S_gn;
371l - result.S_n_rns = sgrtisunresult.S_n)* delta_f);
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Changes to the Code (6 of 8)

6) Insert 1 line and change 1 line
< Adds quantization noise PSD to the overall PSD

77559 - s tech upper{OF . FFE_OPT_METHOD)
7760 - case 'MMSE'
7rel - OF WO_TXFFE=0;
TiEZ - PSD_results=get_P5Ds(FSD_results,shr,cursor_i, txffe,gdc_values(ctle_index),g_DC_low,param, chdata,OF3;
— 7763 - 5. n=PS0_results.S_rn+PSD_results.S5_tn+PSD_results.S_xn+PSD_results.5_jn;
7red - it 0 % for debug
TEZ0 - switch upper (0P .FFE_OPT_METHOD)
782l - case 'MMZE'
822 - OF WO_TXFFE=0O;
7B22 - PSO_results=get_P50s{PSD_results,shr,cursor_i, txffe,gdc_values{ctle_index),g_DC_low,param,chdata,0P);
7az24 % The following Tine change adds guantization noise FSD to the overall noise PED
7825 % S_n=PS0_results.5_rn+P50_results.S_tn+P50_results.S_xn+PS0_results.5_jn;
ToZe - 5.n=PS0_results.S_rn+PSD_results.S_tn+PSD_results.5_xn+PS0_results.S_jr+PSD_results.S_gn;
TBZ2T - 1f 0 % for debug
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Changes to the Code (7 of 8)

7) Insert 3 lines

<+ Registers sampling time

8456 A 002 1E20

B4ET - result.best_bmnin=hest_bmin;

2458 - result.tall_RSS=hest_tail_RSS5;

5459 function param=paramneter_size_adjustment(paran,OF)

8519 HAI00Z21220
sE20 result.best_bmnin=hest_bmin;
8521 result.tail_RSS=hest_tail_RSS;

8522 % The following two Tines register sampling times needed for guantization noise
8523 - result.sanpled_best_shr_precursors_t = sanpled_best_shr_precursors_t;

an24 - result.sanpled_best_shr_postcursors_t = sampled_best_shr_postcursors_t;

8525 function param=parameter_size_adjustment{param,OF)
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Changes to the Code (8 of 8)

8) Insert 3 lines
<+ Reads parameters ENOB and adc_clip_rate from COM configuration file

9223 %% addd default to support multiple packages

9224 - paran.a_thru = xls_paraneter(paraneter, 'A_v', true, 0.5); ¥ Victin differential peak source output woltage (Chalf of peak to peak)

9225 - paran.a_fext = xls_paraneter(paraneter, 'A_fe', true,0.5); ¥ FEXT aggressor differential peak source output woltage Chalf of peak to peak)
9226 - paran.a_next = xls_paraneter(paraneter, 'A_ne', true,0.5); ¥ MNEXT aggressor differential peak source output woltage Chalf of peak to peak)
9227 - paran.a_ichn_fext = x1s_parameter{parameter, 'A_ft', true, param.a_fext); % FEXT aggressor anplitude for ICHW. Defaults to A_fe if not specified
9228 - paran.a_ich_next = x1s_parameter{parameter, 'A_nt', true, param.a_next J;% MEXT aggressor anplitude for ICHW. Defaults to A_ne if not specified
9229 - param.levels = x1s_paraneter{parameter, 'L'}; % nunber of synbols Tevels (FAM-4 45 4, NRZ 15 23

9230 - paran .specBER = x1s_paraneter(parameter, 'DER_0'J; % Target detector error ratio

9231 - | param.DER_CDR = x1s_parameter(parameter, 'DER_CDR',true,le-2); % min DER reguired for a CDR

Q9232 - param.pass_threshold = xTs_paraneter{paraneter, 'COM Pass threshold',false,0); % the pass fail threshold for COM 9n dE

92323 - param.ERL_pass_threshold = x1s_paramneter{parameter, 'ERL Fass threshold',false,0); % the pass fail threshold for ERL in dE

9234 - param.YEC_pass_threshold = x1s_parameter{parameter, 'VEC Pass threshold',false,0);% the pass fail threshold for YEC in dE only used when PMO_type iz C2M
9289 %% addd default to support multiple packages

9290 - paran.a_thru = xls_paraneter(paraneter, 'A_v', true, 0.5); % Victim differential peak source output woltage Chalf of peak to peak)

9291 - paran.a_fext = xls_paraneter(paraneter, 'A_fe', true,0.5); % FEXT aggressor differential peak source output woltage Chalf of peak to peak)
9292 - paran.a_next = xls_paraneter(paraneter, 'A_ne', true,0.5); % MNEXT aggressor differential peak source output woltage Chalf of peak to peak)
9293 - paran.a_ichn_fext = x1s_parameter(parameter, 'A_ft', true, param.a_fext); ¥ FEXT aggressor anplitude for ICH. Defaults to A_fe if not specified
9294 - paran.a_ich_next = xls_parameter(parameter, 'A_nt', true, param.a_next J;% NEXT aggressor anplitude for ICH. Defaults to A_ne if not specified
9295 - param.levels = xls_paraneter{parameter, 'L'J); % number of synbols Tevels (FAM-4 43 4, NRZ 15 23

9296 - paran.specBER = x1s_parameter{paramneter, 'DER_0'); ¥ Target detector error ratio

9297 -  \yparam.DER_COR = x1s_parameter{paraneter, 'DER_CDR',true,le-2); % nin DER reguired for a COR

9298 % The following two Tines read parameters EMOE and adc_clip_rate from the configuration spreadsheet

9299 - param.ENOE = x1s_parameter{paraneter, 'ENOE', 'false', 0); % ADC Mumber of hits

9300 - param,.adc_clip_rate = x1s_paramneter{parameter, 'adc_clip_rate', 'false', 2*param.specBER); % ADC clipping probability

9201 - param.pass_threshold = x1s_paramneter{paraneter, 'COM Fass threshold',false,0); % the pass fail threshold for COM in dE

Q9202 - param.ERL_pass_threshold = x1s_parameter{parameter, 'ERL Fass threshold',false,0); % the pass fail threshold for ERL n dE

93035 - param . VEC_pass_threshold = x1s_paraneter{parameter, 'VEC Fass threshold',false,0);% the pass fail threshold for YEC in dE only used when FMD_type s C2M
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Example Outputs

After Change
Before Change adc_clip_rate = 2*specBER adc_clip_rate = 0.2*specBER

g _— DER._MLSE trunc: 2.07Gde-05 DER._MLSE trunc: 2.07Gde-05 DEF_MLSE trunc: 2.0784e-05
"5 ] o _budget_adj: o _budget_adj: o Q_budget_adj: ©
oG I coMm from matlab: -0.7248 coMm from matlab: -0.7248 coMm from matlab: -0.7245
£ S5 @ DER. MLSE: 2.0764e-06 DER MLSE: 2.076de- DER_MLSE: 2.0764e-06
E c c2> DER DFE: 1.4608e-04 DER DFE: 1.4608e- DER _DFE: 1.4608e-04
= ‘35 S COM: 1.0876 COM: 1.0876 COM: 1.0875

o delta_com: 1.8122 delta_com: 1.8122 delta_com: 1.8122

DER_MLSE trunc: 3.5894e- DER_MLSE trunc: 4.05893e-05
_budget adj: o Q_budget_adj: ©
COM_from matlab: -1.7598 CoM_from matlabh: -1.82683
NA DER_MLSE: 3.5B94e-05 DER MLSE: 4.05593a- 05

DEFR_DFE: 7.4213e-04 DER _DFE: 2.0210e-04
cComM: -0.1882 comM: -0,24859
delta_com: 1.5836 delta_com: 1.5764

With
Quantization
(ENOB = 6)

e It is recommended that this change be made along with the change for MLSE truncation
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