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Introduction

e This slide package was assembled by the 802.3dj editorial team to provide
background and detailed resolutions to aid in comment resolution.
e Specifically, these slides are for the various optical-track comments.
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180.9.6.4 TDECQ measurement method

Comments #62, 46, 158, 45, 29, 50, 4, 157, 156
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180.9.6.4 TDECQ measurement method

The standard deviation of the noise of the reference receiver specified in 180.9.2, 75, is determined with no
optical input signal and the same seftings as used to capture the histograms described below.

The test pattern specified for TDECQ (see Table 180-13) is transmitted repetitively by the optical lane
under test and the oscilloscope is set up to capture samples from all symbols in the complete pattern without

averaging.

If an equivalent-time sampling oscilloscope is used, the impact of the sampling process and the reference
equalizer on transmitter noise has to be compensated for, so that the correct magnitude of noise is present at
the output of the equalizer.

P

The d form is d to find the larzest noise that could be combined with the signal by an
refetence receiver when op 11y lized by a lizer. The optimal equalizer tap coefficients
are dependent on the amouul of noise that can be added to the signal, so finding the noise that can be added
and the optimal equalizer setting is an iterative process. One way of doing this. using estimated PAM4
symbol error ratio as the figure of merit for the equalized signal. is described below.

The reference equalizer specified in 180.9.6.3 is applied to the waveform An eye diagram is formed from
the equalized captured waveform.

The average optical power (P,,,) of the equalized eye diagram is d

points are determined by the average of the eye diagram crossing times. as
Figure 180-11.

d. and the 0 Ul and 1 Ul crossing
d at Py, asill din

The TDECQ reference point where OMATpgcq is referenced to and noise is added is at the input of the
reference equalizer.
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Normalized time through the eye diagram, unit interval
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Figure 180-11—lllustration of the TDECQ measurement
Two vertical hi are d through the eye d 1ly d at 0.45 Ul and 0.55 UL
Each of the h.xstogram windows spans all of the modulat:on levels of the eye diagram. as illustrated in
Figure 180-11. The precise time position of the pair of hs 1s adjusted to minimize TDECQ while

keeping the histograms spaced 0.1 UI apart.

Each histogram window has a width of 0.04 UL Each histogram window has outer height boundaries v\lnch
are set beyond the extremes of the eye diagram (so that no further samples would be captured by i I:4
the vertical separation of the height boundaries).

The sub-eye threshold levels Py, Pyy. and Pys. are determined from the OMApgcq and the average
optical power of the eye diagram (P,.) as defined in Equation (180-1), Equation (180-2). and
Equation (180-3). and illustrated in Figure 180-11.

OMA.
Pa = Prem—— 0 (180-1)
Py = Paye (180-2)
OMA
Py = Pyt ——22R (180-3)

Each captured histogram is processed to. in effect. combine the PAM4 waveform with noise, in order to
produce an estimate of the partial PAM4 symbol error ratio (SER) for each sub-eye. One way of doing this is
described below.

The left and right hi are each lized, and can be represented as a series of equally spaced
optical power values (y;) with separation Ay. each with an associated fraction F(y;). equal to the number of
samples captured in that power interval divided by the total number of samples in that histogram The sum
of all F(y,) for each histogram is equal to 1.
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From the left normalized histogram F(y;). three ive probability fu are created, CFy,(3y).
CF15(y;). and CFU(\,) one afound each sub-eye threshold. The right histogram is treated si y to create
three P bility functi CFp (¥, CFgy(¥y), and CFp3(y;). CFp,(y,) is defined m 180—4.

»
> F(y) fory; =Py,
»=>P,

CRiiG) =% 5. (180—4)
> FO) fory; < Py,
y=y

Each el of the ive probability functi CFp (). is ltiplied by a value Gy,;(3;). and then
d to calculate an app for SERU the partial PAM4 SER for threshold 1. Each element of

the ¢ i bability functi CF;,(¥). is multiplied by a '.alue Gm_(.‘,) and then summed to
calculate an approxxmanon for SER; ;. Each el of the e p fu CFy13(). is
multiplied by a value Gy,3(y;). and then d to calcul it ion for SERU The sum of the

three partial PAM4 SERs is the PAM4 SER associated with ﬂu leﬁ lnsxogxam SER; .

Each el of the 1 probabxhrv ion, CFg; (). is iplied by a value Gy,)(3;). and then

d to ion for SERg,. the partial PAM4 SER for threshold 1. CFg,(y;) and
CFyg;3(y,) are treated sumlarly to calculate SERy,, and SERpj, the partial PAM4 SERs for threshold 2 and
threshold 3. The sum of the three partial PAM4 SERs is the PAM4 SER associated with the right histogram,
SERg.

Gy () is equi toaG i b y density fu with an RMS value of 0, centered around
the sub-eye threshold Py;. G (v) xs given by Equation (180-5) and can be estimated by Equation (180-6).

Xe (180-5)
B _ﬁ(‘moe.lln
PN )
& . curall i
O = ————=Xe X Ay
1 (Vi Coooi® (

G (vy) and Gyy3(y;) are similar G i bability density fu with the same RMS value of 0g.
centered around the sub-eye thresholds Pm_ and Pm respectively. Guo(y;) and Gu3(y;) are given by
Equation (180-7) and E ion (180-8) respectively.

Gua (1) = (180-7)

Gus(y) = (180-8)

where
Ceq isa fficient which for the refe qualizer noise enh
The value of Cyq can be calculated from the product of the lized noise power density spectrum N(f) at
the input of the refe lizer and the lized freq 'y resp Heo(f) of the reference equalizer,
as shown in Equation (180-9).
Ceq = JJ,NV" x |HegD|Pdr (180-9)
where
NOO is the normalized noise power density spectrum equivalent to white noise filtered
by a fourth-order Bessel-Thomson response filter with a 3 dB bandwidth of
53.125 GHz.
and
[N(df = Ho(r=0) = 1 (180-10)
t4

The equalizer tap coefficients are iteratively adjusted and SER; and SERjp calculated until the largest of
SER; and SERp is minimized. Then, if the larger of SER; and SERR is greater than the target PAM4 SER of

456 %107, the\'nlueof%ls d and the p of d; If the larger
of SER; and SERp is lower than !.be target PAM4 'SER 0£4.56 * 10—, then the '»alue of ¢ Og 1s increased and
the p of equals P is rep

Pg. Py, and Py are varied from their nominal values by up to =1% of OMATpg(q in order to optimize
TDECQ. The same three thresholds are used for both the left and the right histogram.

When the laxgef of SER; and SERR is equal to the target PAM4 SER of 4.56 x 107%, and the value of Oc
cannot be i d by further lizer tap coefficients or the sub-eye threshold levels,
then TDECQ is calculated.

The RMS noise, R, that could be added by a receiver is given by Equation (180-11).

R= «/061 ‘03: (180-11)

TDECQ is given by Equation (180-12).

OMA.
TDECQ = 10log)o| ——2E<@x L) (180-12)
6 oR
where
OMA1pecq is measured as defined in 180.9.5 except using waveforms captured at the output
of the reference equalizer
Q is 3.428, consistent vnth the !azget symbol error ratio for Gray mapped PAM4,
and can be calcul. g to E ion (180-27)
Al i i hods such as mini; mean sq d error (MMSE) may be used to determine

equalizer tap wexghts to reduce test time, and are expected to report equal or higher values of TDECQ. These
alternative methods should not be used for receiver sensitivity and stressed receiver sensitivity calibration.
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TDECQ measurement method - Proposed page 482

Cl 180 SC 180.9.6.4 P482 L53 # D

Huber, Thomas Nokia

Comment Type E Comment Status D TDECQ and OMA (CO)
Awkward sentence: "The TDECQ reference point where OMA(sub)TDECQ is referenced to
and noise is added is at the input of the reference equalizer."

SuggestedRemedy

Rewrite as:
"The reference point for OMA(sub)TDECQ, to which noise is added, is at the input of the
reference equalizer."

Cl 180 SC 180.9.6.4 P482 LS53 # D

Brown, Matt Alphawave Semi

Comment Type T Comment Status D TDECQ and OMA (CO)
In the sentence "The TDECQ reference point where OMATDECQ is referenced to and
noise is added is at the input of the reference equalizer." it is not clear what these reference
points are. Further, the measurement point for OMA_TDEQ contradicts the text on page
485 line 46 and 488 line 52. If these are intended to be the same point then one or the
other locations needs to be corrected. If they are intended to be different, then a different
parameter name should be used. Finally, the definition of OMA_TDECQ should be
colocated where it is used, e.g., along with equation 180-1 through 180-3.

SuggestedRemedy

Reconcile the measurement points for OMA_TDECQ or use different parameter names.
Define OMA_TDECQ where it is referenced in equations, e.g., page 483 line 45.

Delete the sentence at page 482 line 53. Note that another comment deals with the
mention of noise in this sentence.

Cl 180 SC 180.9.6.4 Pasg2 L53 #
Mi, Guangcan Huawei Technologies Co., Ltd.
Comment Type T Comment Status D TDECQ and OMA (O)

OMA_TDECAQ is used to calculate the threshold power, Pth_1 and Pth_2, which is set
accroding to the equalized eye diagram as shown in Figure 180-11. OMA_TDECQ should
not be measured at the input of the equalizer.

SuggestedRemedy

add the definition of OMA_TDECQ, "is measured as defined in 180.9.5 except using
waveforms captured at the output
of the reference equalizer”. Noise is added at the input of the reference equalizer.

January 2026

180.9.6.4 TDECQ measurement method

The standard deviation of the noise of the reference receiver specified in 180.9.2. 0. is determined with no
optical input signal and the same settings as used to capture the histograms described bklow.

The test pattern specified for TDECQ (see Table 180-13) is transmitted repetitively by the optical lane
under test and the oscilloscope is set up to capture samples from all symbols in the complete pattern without
averaging.

If an equivalent-time sampling oscilloscope is used. the impact of the sampling process and the reference
equalizer on transmitter noise has to be compensated for. so that the correct magnitude of noise is present at
the output of the equalizer.

The captured waveform is processed to find the largest noise that could be combined with the signal by an
reference receiver when optimally equalized by a reference equalizer. The optimal equalizer tap coefficients
are dependent on the amount of noise that can be added to the signal. so finding the noise that can be added
and the optimal equalizer setting is an iterative process. One way of doing this. using estimated PAM4
symbol error ratio as the figure of merit for the equalized signal. is described below.

The reference equalizer specified in 180.9.6.3 is applied to the waveform. An eye diagram is formed from
the equalized captured waveform.

The average optical power (P,y,) of the equalized eye diagram is determined. and the 0 UI and 1 UI crossing

points are determined by the average of the eye diagram crossing times. as measured at P, .. as illustrated in
Figure 180-11.

; : MATSEC S TeR 5 ; x 5

Comment #29, 46, 158
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TDECQ measurement method
Proposed page 483

P482

o I
Alphawave Semi

Comment Type T Comment Status D TDECQ and OMA (CO)

In the sentence "The TDECQ reference point where OMATDECQ is referenced to and
noise is added is at the input of the reference equalizer." it is not clear what these reference
points are. Further, the measurement point for OMA_TDEQ contradicts the text on page
485 line 46 and 488 line 52. If these are intended to be the same point then one or the
other locations needs to be corrected. If they are intended to be different, then a different
parameter name should be used. Finally, the definition of OMA_TDECQ should be
colocated where it is used, e.g., along with equation 180-1 through 180-3.

Cl 180 L53

Brown, Matt

SC 180.9.6.4

SuggestedRemedy

Reconcile the measurement points for OMA_TDECQ or use different parameter names.
Define OMA_TDECQ where it is referenced in equations, e.g., page 483 line 45.

Delete the sentence at page 482 line 53. Note that another comment deals with the
mention of noise in this sentence.

Insert the following text

where
OMATpECQ is measured as defined in 180.9.5 except using waveforms captured at the output
of the reference equalizer
Comment #46
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Normalized time through the eye diagram, unit interval
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Figure 180-11—lllustration of the TDECQ measurement
Two vertical histog are d through the eye diag inally d at 0.45 Ul and 0.55 UL
Each of the histogram windows spans all of the modulation levels of the eye diagram. as illustrated in
Figure 180-11. The precise time position of the pair of hi is adjusted to minimize TDECQ while

keeping the histograms spaced 0.1 UT apart.

Each histogram window has a width of 0.04 UL Each histogram window has outer height boundaries which
are set beyond the extremes of the eye diagram (so that no further samples would be captured by increasing
the vertical separation of the height boundaries).

The sub-eye threshold levels Py, Py, and Py, are determined from the OMApgcq and the average
optical power of the eye diagram (Py,.) as defined in Equation (180-1). Equation (180-2), and
Equation (180-3). and illustrated in Figure 180-11.

OMA e
Pyt = Page~ 3TD (180-1)
Py = Pyye (180-2)
OMA.
Pus = Pyt —— 00 (180-3)
Each captured hi is p d to, in effect, combine the PAM4 waveform with noise, in order to

produce an estimate of the partial PAM4 symbol error ratio (SER) for each sub-eye. One way of doing this is
described below.

The left and right histograms are each normalized. and can be represented as a series of equally spaced
optical power values (y;) with separation Ay, each with an associated fraction F(y;), equal to the number of
samples captured in that power interval divided by the total ber of samples in that hi The sum
of all F(y;) for each histogram is equal to 1.




From the left normalized histogram F{();), three ive probability functi are created, CFy (),
CFp5(y;). and CFy 3(y;). one around each sub-eye threshold. The right hi is treated similarly to create

T D E C Q measureme nt m et h (o) d - P ro p ose d three cumulative probability fonctions CFy, (). CFa(y,). and CFp3(y,). CFy, () is defined in 1804,
page 484 }z

CRup) = {3 (180-4)
>N F(y) fory;< Py,
LY=),
Cl 180 SC 180.9.6.4 P482 L53 # D
. Each element of the cumulative probability function, CFy;(y;). is multiplied by a value Gy,;(3;), and then
Brown, Matt Alphawave Semi summed to calculate an approximation for SERy ,, the partial PAM4 SER for threshold 1. Each element of
the cumulative probability function. CFj,(y,). is multiplied by a value G,(y,). and then summed to
Comment Ty PO T Comment Status D TDECQ and OMA (CO) calculate an approximation for SER; ;. Each 'elemmt of the cumulative probabili‘ry function, CFp;(%). is
The sentence "The TDECQ reference point where OMATDECAQ is referenced to and noise multiplied by a value Gys(y;). and then summed to calculate an approximation for SER; 3. The sum of the
is added is at the input of the reference equalizer.” It is not clear which noise this is three partial PAM4 SERs is the PAM4 SER associated with the left histogram, SER; .
referring to. It would be good to link the AWGN noise source in Figure 180-10 with -_ - . . o s Ot ol
: : : : ch el of the ¢ 1 babily tion, CFp;(y;). 1s multip! y a value Gy, (v, en
sigma_g. Note that another comment deals with the OMA_TDECAQ in this sentence. " A Womum for SERg,, the partial PAM4 SER for threshold 1. C}"R. ) and
SuggestedRemedy CFp5(y;) are treated similarly to calculate SERg,. and SERp;, the partial PAM4 SERs for threshold 2 and
threshold 3. Th f the three partial PAM4 SERs is the PAM4 SER iated with the right hi
Delete the reference sentence. SE;SR_o S pett = R
On page 484 line 26 (the first reference to 0G)...
Change the sentence to: "G_th1(y_i), which represents AWGN at the input to the reference Gy (¥) is equivalent to a Gaussi bability density function with an RMS value of ;. centered around
equalizer (see Figure 180-10), is equivalent to a Gaussian probability density function with the sub-eye threshold Py). Gy (v;) is given b\ Equation (180-5) and can be estimated by Equation (180-6).
an RMS value of o_G, centered around the sub-eye threshold P_th1."
3o {3-Pa
na: = \C..0,43
Change the start of the paragraphs to the following: B if e %
CooOgA 2R
Ay VG

Gy4(Y;), which represents AWGN at the input to the reference equalizer
(see Figure 180-10), is equivalent ...

G () = ———=Xe (180-6)
1V C“GGJZ_f[
Gua(v;) and Gy3(y;) are similar G bability density fu with the same RMS value of 0.

centered around the sub-eye thresholds Pm and Pm respectively. Gyn(V;) and Gy3();) are given by

wia+1) w(a*2) T Equation (180-7) and Equation (180-8) respectively.

X) —»(3)
y- (3=Py: |=
Synchronized T eroo
1ul 1U1 y Gty = 52 - 180~
delay delay test pattem 20'1) .‘ Ced Gadﬁ e Y ( 7
. | 2
NOTE—The variable a is an integer in the range -3 to 0 ¥ -_:‘- ': :m
Gaa) = [ — L —xe " ay (180-3)
Figure 180-10—TDECAQ reference equalizer functional model _,1 .qu/ 2
Y=
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TDECQ measurement method s
- Proposed page 485

eq

is a coefficient which accouats for the reference equalizer noise enhancement

The value of Cyq can be calculated from the product of the normalized noise power density spectrum N(f) at

the input of the lizer and the it uency resp Hgq(f) of the reference equalizer,
as shown in Equation ( 180—9)
Cl 180 SC 180.9.6.4 P48s L42 # |
= [| N(H x|H, 24, 180-9
Mi, Guangcan Huawei Technologies Co., Ltd. A J‘/ " P dr e
Comment Type T Comment Status D TDECQ and OMA (O) where
TDECQ is comparing the maximum additive noise to the optical power in OMA as N is the soamalized soiss power deasity spectnea equivalent o white mosse filleced
measurement of the eye opening. Therefore the OMA used in equation 180-12 and noise R ‘5’3; :fg‘:;f’d“ Bessel-Thomson response fiker with 4 3/dB bandwidtr of
should be measured at the same point, which is OMA_outer o ’
SuggestedRemedy sod
change the OMA_TDECQ in equation 180-12 to OMA_outer, and update its definition text [N = Hy(r=0) = 1 (180-10)
accordingly. !
The equalizer tap coefficients are iteratively adjusted and SER; and SERp calculated until the largest of
SER; and SERR is minimized. Then, if the larger of SER; and SERp is greater th:m the target PAM4 SER of
4.56 % 107, the value of O is decreased and the process of equali is d; If the larger
aram SCHeNa.6H Reg2 £83 ¥ D of SER; and SERp, is lower ‘than the target PAM4 SER of 4.56 x 10, then the value of ( O 1s increased and
Brown, Matt Alphawave Semi the process of eqy P is rep

Comment Type T Comment Status D TDECQ and OMA (CO)

The sentence "The TDECQ reference point where OMATDECAQ is referenced to and noise
is added is at the input of the reference equalizer." It is not clear which noise this is
referring to. It would be good to link the AWGN noise source in Figure 180-10 with

Py, Py». and Py; are varied from their nominal values by up to =1% of OMA1pgcq in order to optimize
TDECQ. The same three thresholds are used for both the left and the right histogram.

When the larger of SER; and SERp, is equal to the target PAM4 SER of 4.56 x 107, and the value of O

sigma_g. Note that another comment deals with the OMA_TDECQ in this sentence. b

SuggestedRemedy

Delete the reference sentence.
On page 484 line 26 (the first reference to 0G)...

d by further opti of the equal:
then TDECQ is calculated.

tap coefficients or the sub-eye threshold levels,

The RMS noise, R, that could be added by a receiver is given by Equation (180-11).

Change the sentence to: "G_th1(y_i), which represents AWGN at the input to the reference - dagt [ e Co)
equalizer (see Figure 180-10), is equivalent to a Gaussian probability density function with TDEC ety E 180-12
an RMS value of o_G, centered around the sub-eye threshold P_th1." i oven by eeon( 2
OMAouter
where TDECQ = lOlogw(—s- x (%R) (180-12)
0~ is the standard deviation of the maximum noise that can be added at the input of where
G X OMAoputer is measured as defined in 180.9.5 s == Pt P
the reference equalizer of the reference equalizer
Q is 3.428, consistent w ith the target symbol error ratio for Gray mapped PAM4,
O is the standard deviation of the noise of the reference receiver specified in #nd can Ge calcol ding to E (180-27)
180.9.2, determined with the same settings as the histogram measurement and no Alternative y hods such as mininmm mean squared error (MMSE) may be used to determine
equalizer tap \nelems to reduce test time, and are expected to report equal or higher values of TDECQ. These

optical input signal
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alternative methods should not be used for receiver sensitivity and stressed receiver sensitivity calibration.



TDECQ measurement method

- Proposed page 485

Cl 180
Maniloff, Eric
Comment Type TR

SC 180.9.6.4 P45
Ciena

Comment Status D

L4

) —

TDECQ and OMA (CO)

Discrepancy in optical modulation amplitude used for OMAouter — T(D)ECQ penalty

computation in link budget:

To compute the link budget the transmitter penalty (TECQ,TDECQ) per equation 180-12 is
to be subtracted from the OMAouter measured per SC 180.9.5. However, in SC 180.9.6.4,
equation 180-12 suggests using OMATDECQ as the reference level of the ideal PAM4
signal for computation of the transmitter penalty (TECQ,TDECQ). In case, OMAouter
measured per SC 180.9.5 and OMATDECQ computed per SC 180.9.6.4 differ, the quantity
OMAouter-TECQ or OMAouter-TDECQ used in the link budget will be incorrect.

SuggestedRemedy

In equation 180-12, substitute OMATDECQ with OMAouter (measured per SC 180.9.5) in

the report of the TDECQ penalty.

Cl 180 SC 180.9.6.4
Rodes, Roberto
Comment Type TR

P485
Coherent
Comment Status D

L4

) —

TDECQ and OMA (O)

TDECQ in 180-12 is a penalty on the OMA to calculate the Link power budget. Therefore,
OMA in equation 180-12 should be equivalent to OMAouter as defined in 180.9.5.

SuggestedRemedy

Replace OMAtdecq with OMAouter in equation 180-12,and use editorial license to align the

rest of the text in the subclause to this change

January 2026
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where
Ceq is a coefficient which accouats for the reference equalizer noise enhancement

The value of Cyq can be calculated from the product of !he normalized noise power density spectrum N(f) at

the input ofthe fe lizer and the it uency resp Hgq(f) of the reference equalizer,
as shown in Equation ( 180—9)
Ceq = J J‘/.w) X [Heg(|2df (180-9)
where
N is the normalized noise power density spectrum equivalent to white noise filtered
by a fourth-order Bessel-Thomson response filter with a 3 dB bandwidth of
53.125 GHz.
and
jNg)df= Hy(f=0) =1 (180-10)
i

The equalizer tap coefficients are iteratively adjusted and SER; and SERp calculated until the largest of
SER; and SERR is minimized. Then, if the larger of SER; and SERp is greater than v.he target PAM4 SER of
4.56 x 107, the value of (i is decreased and the process of equali d; If the larger
of SER; and SERp, is lower ‘than the target PAM4 SER of 4.56 x 10, then the v: alue of ¢ O 1s increased and
the process of equal: is

P P

Py, Py». and Py; are varied from their nominal values by up to =1% of OMA1pgcq in order to optimize
TDECQ. The same three thresholds are used for both the left and the right histogram.

When the larger of SER; and SERg i equal to the target PAM4 SER of 4.56 x 107, and the value of O
cannot be i d by further opti of the equalizer tap coefficients or the sub-eye threshold levels,
then TDECQ is calculated.

The RMS noise, R, that could be added by a receiver is given by Equation (180-11).

R= Jog+o5 (180-11)
TDECQ i1s given by Equation (180-12).
OMAouter 1
TDECQ = 10logy,| ———— X —— (180-12
810( 3 ) rR) )
where
OMAoputer is measured as defined in 180.9.5 s == Pt P
ofthe reference equalizer
Q is 3.428, consistent w ith the target symbol error ratio for Gray mapped PAM4,
and can be calcul ding to E (180-27)
Al v 1 i thods such as mini: mean squared error (MMSE) may be used to determine

equalizer tap \nele,h(s to reduce test time, and are expected to report equal or higher values of TDECQ. These
alternative methods should not be used for receiver sensitivity and stressed receiver sensitivity calibration.
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