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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

. . . . . Straw Poll #1
e Straw poll #1 in the May interim meeting did not support o R
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 Se te rm 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 large value 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

Quantization noise is a new noise term added between CTLE and RxFFE
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It is modeled by a uniform distribution over —-LSB/2 to +LSB/2

ADC clip level is chosen so that clipping frequency is equal to the target error rate
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For details see contribution shakiba 3dj 02 2405.pdf
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Changes to the Code (1 of 8)

1) Insert 4 lines:

8241 - chdata(i).eq_imp_response=eq_ir;
8542 - eq_pulse=filter{ones(l, paran.samnples_per_ui), 1, chdataii).eg_inp_response);
543
544 - 1f dsequal(chdataii).type, 'FEXT') || dsegual{chdataii).type, 'THREU'}
a45 - eg_pulse = FFE( fom_result.txffe ,fom_result.cur-1 , param.samples_per_ui, eg_pulse J;
ad4o - end
541 - chdatali).eqg_imp_response=eq_ir;
842 - Vv eq_pulse=filter(ones(l, paran.samples_per_uil), 1, chdatalil.eq_inp_response];
543 - chdatali).ctle_pulse = eg_pulse;
244 - gsample_start = find(minCabs(chdatali).t-fon_result.sanpled_hest_shr_precursors_t{1))) == abs{chdata(i).t-fom_result.sanpled_best_shr_precursors_t({1330;
545 - chdatali).ctle_pulse_s = eg_pulselsanple_start(1):paran.sanples_per_ui:end);
245 - chdatafi}.t_s = chdata{i).t{sample_start{1l):param.sanples_per_ui:end);
247
345 - if dsequal{chdatalil.type, 'FEXT'S || dsegualichdataii}.type, 'THREU'S
8243 - eg_pulse = FFE{ fom_result.txffe ,fon_result.cur-1 , paran.sanples_per_ui, eg_pulse J;
850 - end
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Changes to the Code (2 of 8)

1483 % Eguation 93A-4%
2) Insert 24 ||nes: ijgg: Eggb'ined_l'iﬂter?ference_and_ncl'ise_p?d'F = n::n?rw_'Fn::'t(NS.is‘i_and_xta'lk_pdf, NS .hoise_pdf);
=conbined_interference_and_noise_pdf;
1486
1487 % Eguation 93A4-37
1487 % Eguation 93A-4%
1485 - combined_interferencedand_noise_pdf = conv_fotiN5.1s1_and_xtalk_pdf, N5.noise_pdf);
1489 - chdatall).ctle_pulse_pdf = get_pdf_from_sampled_signalichdatall).ctle_pulse_s, param.levels, paran.delta_w,;
1450 - ctle_pulse_cdf = cumsumchdatall) . ctle_pulse_pdf.wl;
1491 - adc_clip = -COF_inw_ew(Z2*param.specBER, chdatall) . ctle_pulse_pdf, ctle_pulse_cdf);
1452 - ctle_pulse_sigma = sqrilsum({chdatall).ctle_pulse_pdf.x. A2) . *chdatall).ctle_pulse_pdf.v));
1493 - adc_1sh = 2%adc_clip/(2hparan .ENOE-1];
1494 - M5.sigma_0 = adc_Tsbh/sgrt(l2);
1495 - MS.sigma_hefore_clip = ctle_pulse_sigma;
1496 - M5.peak_cTlip = adc_clip;
1497 - MS.p2ptosigna_clip = 2%adc_clip/octle_pulse_sigma;
1498 - guantizaion_noise_pdf = conbined_interference_and_noise_pdf; % This is to copy the fields of the structure
1499 - adc_ind_right = find{min{abs{guantizaion_noise_pdf.x-adc_lsh/2)) == abs(guantizaion_noise_pdf.x-adc_lsh/237;
1500 - adc_ind_left = find(nin{abs{guantizaion_noise_pdf.x+adc_Tshb/2)) == abs(guantizaion_noise_pdf.x+adc_Tsh/2)7;
1501 - guantizaion_noise_pdf.y = zeros(size(guantizaion_noise_pdf.x));
1507 - guantizaion_noise_pdf.y{adc_ind_left:adc_ind_right) = 1/Cadc_ind_right-adc_ind_Tleft+1};
1503 ¥ Calculate guantization noise FOF after RxFFE
1504 - h_rxffe = fon_result.RExFFE{find{fon_result.RFxFFE ~= 0)7;
1505 - for irzffe = 1:length{h_rxffel
1506 - if irxffe ~= paran.ffe_pre_tap_len
1507 - guantizaion_noise_pdf_scale = scalePDF{guantizaion_noise_pdf, abslh_rxffelir«ffell]);
1508 - guantizaion_noise_pdf = conv_fot{guantizaion_noise_pdf, guantizaion_noise_pdf_scale);
1509 - end
1510 - end
1511 - conbined_interference_and_noise_pdf = conv_focticombined_interference_and_noise_pdf, guantizaion_noise_pdf);
1512 - M5S.guantizaion_noise_pdf = guantizaion_noise_pdf;
1513 - FOF=combined_interference_and_nolse_pdf;
1514
1515 % Equation 93A-37
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Changes to the Code (3 of 8)

3) Insert 4 lines

2852 % r259 putting COM, VEO and loss Tast in report
2853 s output_args. VEO_normalized = (A_s-A_nil/A_s;
2854 - output_args. VEC_dE = COM_SNE_Struct.VEC_dE;
2855 - output_args. VEO_mY = COM_SNE_Struct.VEO_mY;

2850 ¥ |r259 putting COM, VEO and Toss Tlast in report

2851 BNy output_args.YEO_normalized = (A_s-A_ni)/ A_s;

2882 - output_args.sgn_0 = Nolse_Struct.sigma_l;

2883 - output_args.sigmna_before_clip = Noise_Struct.sigma_before_clip;

2854 - output_args.peak_clip = Noise_Struct.peak_clip;

2885 - output_args.pZptosigna_clip = Noise_Struct.pzZptosigna_clip;

2886 - output_args.VEC_dE = COM_SNR_Struct. WVEC_dEB;

2887 - output_args. VEO_mY = COM_SNRE_Struct. WVEO_mV;
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4 & 5) Insert 23 lines and change 1 line

5340
5341
5342
5343
5344
534%
5346
5347
5345
5249
5350
5351
5352
5353
5354
S35E
5356
5357
5358
5359
5360
5361
5362
5363
5364
S3ES
5366
5367
5365
5369

Changes to the Code (4 & 5 of 8)

L3208 % result.S_jn
C=209 - result.5_n=result.5_rn+ result.5_tn+ result.S_xn+ result.5_jn;
5310 - result.S_n_rons = sgrifsum{result.S_n)* delta_f3;
5311
5312 b
% . L3213 %% Hisi to be 1included +in MLSE rho eq 178a-28
result.5_7n

FE = param.fh;
Ghe = C_DC;
FF1 = param.CTLE_fpl(1);
FFZ2 = param.CTLE_fp2{1);
FZ = param.CTLE_fzi{1};
FHF = param.f_HF(1);
GOCHF = G_DC2;
uneg_ir = chdata(l).uneg_inp_response;
1f OF.INCLUDE_CTLE ==
eq_ir = TO_CTLE{uneg_ir, FE, FZ, FF1l, FP2, GDC, paran.samples_per_uil;
eq_ir = TO_CTLE{eq_ir, FE, FHF, FHF, 1002100 , GODCHF, paran.sanples_per_uiJ;
else
eq_ir = uneg_ir;

end

ctle_pulse = filter{ones{l, param.sanples_per_uiy), 1, eq_ir);

ind_max = Find{ctle_pulse == max(ctle_pulsel);

adc_clip = sumabs{[ctle_pulse(ind_max-paran.samples_per_ui:-paran.samples_per_ui:1);
ctle_pulse(ind_nax:paramn.sanples_per_ui:endl]ll;

adc_lsh = 2%adc_clip/(24paran . ENOE-1D);

gigna_0 = adc_lsh/sgrtil2);

S5_gn = sigma_02/Tengthiresult.5_rn)¥delta_f)*ones(sizelresult.5_rn));

result.S_gn = S_gn;

result.gn_rmns = sortCsun{result.5_gn)* delta f);

result.S_n=result.5_rn+ result.S_thn+ result.S_=n+ result.5_jn;
result.S_n=result.S_rn+ result.5_tn+ result.S_xn+ result.S_jn+ result.S_gn;

result.5_n_rmns = sgrifsumiresult.S_n)* delta_f);

%%
%% His1 to be dincluded in MLSE rho eq 178a-28
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Changes to the Code (6 of 8)

6) Change 1 line

7FE9 - switch upper (0P .FFE_OPT_METHOD}

= case 'MMSE'

7rel - OF WO_THFFE=0;

TIGE - PSD_results=get_PS0s{PSD_results,shr,cursor_1, txffe,gdc_values(ctle_index),g_DC_low,param,chdata, 0P} ;
— F7E3 - 5. n=FS0_results.S5_rn+PS0_results.S_tn+PSD_results.S_xn+FPSD_results.5_jn;

77e4q - if 0 % for debug

7815 - switch upper(OP.FFE_OPT_METHOD)

fale - case 'MMSE'

7817 - OF .WO_THFFE=0;

7B18 - \ F5D_results=get_PS50s(FSD_results,shr,cursor_i, txffe,gdc_values(ctle_index) ,q_DC_Tow,param,chdata,OF];

7819 % S_n=F50_results.5_rn+PS0_results.S_tr+PS0_results.S_xn+P50_results.5_jn;
7820 S n=P50_results.5_ rr+PSD_results. 5 tr+PSD_results.S_xn+FPS0_results.S_ in+PSD_results.S_ang
7821 if 0 % for debug
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Changes to the Code (7 of 8)

7) Insert 2 lines

2456 BAICOZ21E220

8457 - result.best_bmnin=kest_bmin;

2458 - result.tall_R55=best_tail1_R55;

5459 function param=paramneter_size_adjustment{paran,OF)

8513 HAIGOZ1E20

8514 - result.best_bmnin=hest_bmin;

8E1E - result.tall_RS55=hest_tail_RS55; \

8516 - result.sanpled_best_shr_precursors_t = sanpled_best_shr_precursors_t;
2517 - result.sanpled_best_shr_postocursors_t = sanpled_hest_shr_postcursors_t;
5518 function param=paraneter_size_adjustnent{paran,F)
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Changes to the Code (8 of 8)

8) Insert 1 line

9223 %% addd default to support multiple packages

9224 - param.a_thru = xls_paraneter{paraneter, 'A_w', true, 0.5); % Victin differential peak source output woltage (half of peak to peak)

9225 - param.a_fext = xls_paraneter(paraneter, 'A_fe', true,0.5); % FEXT aggressor differential peak source output woltage Chalf of peak to peak)
9226 - param.a_next = xls_paraneter(paraneter, 'A_ne', true,0.5); % MNEXT aggressor differential peak source output woltage Chalf of peak to peak)
9227 - param.a_icn_fext = xls_parameter(parameter, 'A_ft', true, param.a_fext); ¥ FEXT aggressor anplitude for ICH. Defaults to A_fe if not specified
9228 - param.a_icn_next = xls_parameter(parameter, 'A_nt', true, param.a_next J;% NEXT aggressor anplitude for ICH. Defaults to A_ne if not specified
Q229 - paran.levels = xls_paramneteriparaneter, 'L'); % number of synbols Tevels (FAM-4 43 4, MNRZ 15 23

9230 - param.specBER = x1s_parameter{parameter, 'DER_0'J; ¥ Target detector error ratio

9231 - | param.DER_CDR = x1s_parameter{parameter, 'DER_CDR',true,le-23; % min DER reguired for a CDR

Q9232 - paramn.pass_threshold = x1s_paramneter{parameter, 'COM Fass threshold',false,0); % the pass fail threshold for COM in dE

9232 - paran.ERL_pass_threshold = xls_parameter(parameter, 'ERL Fass threshold',false,0); % the pass fail threshold for EEL in dE

9234 - paran.YEC_pass_threshold = xls_parameter(parameter, 'VEC Fass threshold',false,03;% the pass fail threshold for YEC in dE only used when PMD_type is C2M
9282 %% addd default to support multiple packages

9283 - paran.a_thru = xls_paraneter(paranster, 'A_v', true, 0.5); % Victim differential peak source output woltage Chalf of peak to peak)

9284 - paran.a_fext = xls_paraneter(paranster, 'A_fe', true,0.5); % FEXT aggressor differential peak source output woltage (half of peak to peak)
9285 - paran.a_next = xls_paraneter(paranseter, 'A_ne', true,0.5); % MNEXT aggressor differential peak source output woltage (half of peak to peak)
9286 - paran.a_icn_fext = x1s_parameter(parameter, 'A_ft', true, param.a_fext); ¥ FEXT aggressor amplitude for ICH. Defaults to A_fe if not specified
9287 - paran.a_ich_next = x1s_parameter{parameter, 'A_nt', true, param.a_next ;% NEXT aggressor amplitude for ICH. Defaults to A_ne if not specified
9285 - param.levels = xls_paraneteriparameter, 'L'J); % number of synbols Tevels (FAM-4 43 4, NRZ 1z 23

9289 - paran.specBER = x1s_parameter{parameter, 'DER_0'J; ¥ Target detector error ratio

9290 - Y param.DER_CDR = x1s_parameter{parameter, 'DEE_COR',true,le-2); % min DER reguired for a COR

9291 - paran.ENOB = x1s_parameter(parameter, 'ENOE', 'false', 32); % ADC Mumber of hits |

9292 - param.pass_threshold = x1s_paramneter{parameter, 'COM Fass threshold',false,0); % the pass fail threshold for COM 9n dB

9292 - param.ERL_pass_threshold = x1s_parameter{parameter, 'ERL Pass threshold',false,0); % the pass fail threshold for EREL 4n dE

9294 - param .WEC_pass_threshold = xls_parameter{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

Before Change After Change

Com_ieee8023_93a_470betal_quant
(ENOB = 32)

DER_MLSE_trunc: 2.07&4e-08 N
/ Q_budget_adj: ©
. COM_from_matlakh: -0.724&
Com_ieee8023_93a_470betal DER MLSE: 2.07640-06 -
(N_tc =128) A?/’,//”/////’”’/,,f’,,//””’27 DER_DFE: 1.4608e-04 <&\\\\
COM: 1.0876
DER_MLSE_trunc: 2.0764e- //7
: delt . 1.8122 /
(0_budget_adi: O / / elTa_com

06
COM_from_matlah: -0.7246 ~ .
ngEMLSE; 2.0764e-06 (// Com_ieee8023_93a_470betal_quant

Without
Quantization
(Default)

ST [ERﬁﬂ:lxﬁﬂiﬁi/////////’ (ENOB = 6)
c® © deha_ggr:; }:g?;g DER_MLSE_trunc: 3.0762e-05  ~
= N 0 0_budget_adj: O
; "E (o) COM_from_matlab: -1.6927
c 2 DER_MLSE: 3.0762e-05 >
S w DER_DFE: 6.6515e-04
Q- COM: -0.1006
delta_com: 1.5921 _/

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

e There is a negligible difference in DER_DFE (see the backup slide)
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Thank You ©

Hossein Shakiba
Huawei Technologies Canada
October 2024
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Backup

e The negligible difference in DER_DFE was traced back to the way COM decides on the range of
the noise PDF

® In one case COM limits the range to £32.89mV and in the other to £672.4mV and although
the PDFs are exactly the same within the overlapping range, integration of the extra tail of the
extended range PDF causes a slight numerical difference in calculating error rate DER

with Quantization Feature

x1073 without Quantization Feature «10~3 and without Quantization Noise %1073 both PDFs in the Overlapping Range

05F 1 05F . 05
L )\ | A ) 0 | | |
-0.04 -0.02 0 0.02 0.04 -1 -0.5 0 0.5 1 -0.04 -0.02 0 0.02 0.04
Amplitude [V] Amplitude [V] Amplitude [V]
e This is a normal behavior in numerical calculation of functions and is limited by the accuracy of
computations
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