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Disclosed in embodiments of the present application are a method and apparatus for obtaining a test parameter of a transmitter,
and a storage medium. A noise amount corresponding to a level amplitude of a sampling electrical signal can be obtained, and the
type of a receiver which uses a transmit test parameter to perform transmitter compliance test is not restricted. The method

comprises: performing waveform sampling on an optical

signal sent by a transmitter to obtain a sampling electrical signal; obtaining

a first noise amount corresponding to the sampling electrical signal according to a preset initial noise ratio parameter and a level
amplitude of the sampling electrical signal, the level amplitude of the sampling electrical signal being greater than the minimum level
and less than the maximum level, the initial noise ratio parameter being a ratio of the maximum noise amount to the minimum noise
amount, and the first noise amount being a noise amount greater than the minimum noise amount and less than the maximum
noise amount; and obtaining a second noise amount corresponding to an ideal electrical signal according to the initial noise ratio

parameter and a level amplitude of the ideal electrical si
performing compliance test on the transmitter.
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Abstract:

Embodiments of this application disclose a method and an apparatus for obtaining a transmitter test
parameter, and a storage medium, to obtain a noise amount corresponding to a level amplitude of a
sampled electrical signal, without limiting a type of a receiver that performs a consistency teston a
transmitter by using a transmitter test parameter.
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METHOD AND APPARATUS FOR OBTAINING TRANSMITTER
TEST PARAMETER, AND STORAGE MEDIUM

[0001]  This application claims priority to Chinese Patent Application No. 201910819211.0,
filed with the China National Intellectual Property Administration on August 31, 2019 and entitled
"METHOD AND APPARATUS FOR COBTAINING TRANSMITTER TEST PARAMETER,
AND STORAGE MEDIUM", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002]  This application relates to the field of optical communication technologies, and in
particular, to a method and an apparatus for obtaining a transmitter test parameter, and a storage

medium.

BACKGROUND

[0003] In an optical communication network, to implement communication between one
receiver and different types of transmitters, the receiver needs to perform a consistency test on
different types of transmitters. Currently, a method for performing a consistency test on a
transmitter mainly includes an eye mask (Eye Mask), a transmitter and dispersion penalty
(transmitter and dispersion penalty, TDP), and a transmitter and dispersion eye closure penalty
(transmitter and dispersion eye closure penalty, TDEC).

[0004] When a consistency test is performed on a transmitter, a transmitter test parameter may
be obtained by using the following solution: First, an oscilloscope is used to perform waveform
sampling on an optical signal sent by the transmitter, to obtain a sampled electrical signal. Then, a
noise amount correspanding to the sampled electrical signal is obtained. A same noise amount is
obtained regardless of whether a level of the sampled electrical signal is 1 or 0. The noise amount
corresponding to the sampled electrical signal is used as the transmitter test parameter, to evaluate

a noise tolerance capability of the receiver.
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[0005] In the solution for obtaining a transmitter test parameter, all sampled electrical signals
correspend to a same noise amount. This solution is generally applicable only to a PIN receiver,
but is not applicable to an avalanche photodiode {avalanche photediode, APD) receiver. A reason
is as follows: Due to an impact of shot noise an the APD receiver, noise amounts corresponding
to sampled electrical signals at different amplitudes are different. For example, a signal at a level
1 requires more noise than a signal at a level 0. Because all sampled electrical signals correspond
to a same noise amount, based on the foregoing solution for cbtaining a transmitter test parameter,
the APD receiver can only use a same noise amount as the transmitter test parameter. Consequently,
a transmitter consistency test result cannot reflect actual performance of the transmitter. The
foregoing solution for obtaining a transmitter test parameter is applicable only to the PIN receiver.
Therefore, a type of a receiver to which the current solution is applicable is limited in the current

solution,

SUMMARY

[0006] Embodiments of this application provide a method and an apparatus for obtaining a
transmitter test parameter, and a storage medium, to obtain a noise amount corresponding to a level
amplitude of a sampled electrical signal, without limiting a type of a receiver that performs a
consistency test on a transmitter by using a transmitter test parameter.

[0007]  To resolve the foregoing technical problem, the embodiments of this application
provide the following technical solutions.

[0008]  According to a first aspect, an embodiment of this application provides a method for
obtaining a transmitter test parameter, including: performing waveform sampling on an optical
signal sent by a transmitter, to obtain a sampled electrical signal; obtaining a first noise amount
corresponding to the sampled electrical signal based on a preset initial noise ratio parameter and a
level amplitude of the sampled electrical signal, where the level amplitude of the sampled electrical
signal is greater than a minimum level and less than a maximum level, the initial noise ratio
parameter is a ratio of a maximum noise amount to a minimum noise amount, the maximum noise
amount is a noise amount corresponding to an electrical signal at the maximum level, the minimum
noise amount is a noise amount corresponding to an electrical signal at the minimum level, and

the first noise amount is a noise amount that is greater than the minimum noise amount and less
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than the maximum noise amount; and cbtaining a secand noise amount corresponding te an ideal
electrical signal based on the initial noise ratio parameter and a level amplitude of the ideal
electrical signal, where the ideal electrical signal has a same optical modulation amplitude as the
sampled electrical signal, and the level amplitude of the ideal electrical signal is the maximum
level or the minimum level, where the first noise amount and the second noise amount are used to
perform a consistency test on the transmitter. In this solution, in this embodiment of this application,
the first noise amount corresponding te the sampled electrical signal may be obtained based on the
preset initial noise ratio parameter and the level amplitude of the sampled electrical signal, and the
determined first noise amount is a noise amount that is greater than the minimum noise amount
and less than the maximum noise amount. Therefore, in this embodiment of this application, noise
amounts corresponding to sampled electrical signals at different level amplitudes are different, that
is, a hoise amount corresponding to the level amplitude of the sampled electrical signal may he
obtained. Therefore, this solution is applicable to different types of receivers. A type of a receiver
that performs a consistency test on a transmitter by using a transmitter test parameter is not limited
in this embodiment of this application.

[0009] In some embodiments of this application, the obtaining a first noise amount
corresponding to the sampled electrical signal based on a preset initial noise ratio parameter and a
level amplitude of the sampled electrical signal includes: determining that the level amplitude of
the sampled electrical signal is between the maximum level and the minimum level; and using the
maximum noise amount and the minimum noise amount as an interpolation condition, and
performing interpolation calculation on the level amplitude of the sampled electrical signal based
on the initial noise ratio parameter, to obtain the first noise amount. In this solution, after the level
amplitude of the sampled electrical signal is obtained, it is determined whether the level amplitude
of the sampled electrical signal is between the maximum level and the minimum level. For
example, if the maximum level is 1 and the minimum level is 0, the level amplitude of the sampled
electrical signal may be 0.8, 0.9, 0.6, or the like. The maximum noise amount and the minimum
noise amount are used as the interpolation condition, that is, the maximum noise amount and the
minimum noise amount are used as two endpoint values of an interpolation algorithm, and
interpolation calculation is performed on the level amplitude of the sampled electrical signal based

on the initial noise ratio parameter, to obtain the first noise amount. A larger level amplitude of the
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sampled electrical signal indicates a larger first noise amount ceorresponding to the sampled
electrical signal. A smaller level amplitude of the sampled electrical signal indicates a smaller first
noise amount correspending to the sampled electrical signal. The interpolation algorithm is an
algorithm used to calculate a result by using an interpolation function when the maximum noise
amount and the minimum noise amount are known. A plurality of interpolation algorithms may be
used in this embodiment of this application. Forexample, the interpolation algorithm may be linear
interpolation, nearest-neighbor interpolation, or bilinear interpolation.

[0010] In some embodiments of this application, the using the maximum ncise amountand the
minimum noise amount as an interpolation condition, and performing interpolation calculation on
the level amplitude of the sampled electrical signal based on the initial noise ratio parameter, to
obtain the first noise amount includes: obtaining a tolerable-noise amount o of the sampled

electrical signal at a preset sampling point; determining maximum noise & corresponding to

max
the electrical signal at the maximum level in the following manner. ¢ wx = Mo, where M
represents the initial noise ratio parameter; determining the minimum noise amount correspending
to the electrical signal at the minimum level is o; performing quantization between the maximum
level and the minimum level to obtain N level values, where the N level values are all between the
maximum level and the minimum level, and N is a positive integer; calculating N noise amounts
respectively corresponding to the N level values according to a preset interpolation algorithm;
determining that the level amplitude of the sampled electrical signal is a first level value in the N
level values; and obtaining a first noise amount correspending to the first level value based on a
correspondence between the N level values and the N noise amounts. In this solution, level
amplitude quantization is performed based on the maximum level and the minimum level, to obtain
the N level values through quantization between the maximum level and the minimum level. The
N noise amounts respectively corresponding to the N level values are calculated according to the
preset interpolation algorithm, that is, one noise amount is calculated according to the interpolation
algorithm for each of the N level values obtained through quantization. In this case, the N noise
amounts may be calculated for the N level values. For example, the correspondence between a
level amplitude and a noise amount may include the N noise amounts respectively corresponding
to the N level values. If it is determined that the level amplitude of the sampled electrical signal is

the first level value in the N level values, the first level value is a level value in the N level values.
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Finally, the first noise amount corresponding to the first level value is obtained based on the
correspendence between the N level values and the N noise amounts. In this embodiment of this
application, it is determined that the level amplitude of the sampled electrical signal is the first
level value in the N level values, and the correspondence between the N level values and the N
noise amounts is searched by using the first level value, to determine the first noise amount
correspending to the sampled electrical signal. In this embodiment of this application, different
noise amounts may be determined for different level amplitudes of the sampled electrical signal.
This embodiment of this application provides a solution for obtaining fine noise amounts
corresponding to different level amplitudes of the sampled electrical signal. Therefore, in this
embodiment of this application, actual optical power attenuation of different optical signals
transmitted by the transmitter may be simulated, to reflect actual performance of the transmitter.
In this embodiment of this application, noise amounts corresponding to sampled electrical signals
at different level amplitudes are different, that is, the noise amount corresponding to the level
amplitude of the sampled electrical signal may be obtained. Therefore, this solution is applicable
to different types of receivers. A type of a receiver that performs a consistency test on a transmitter
by using a transmitter test parameter is not limited in this embodiment of this application.

[0011] In some embodiments of this application, the obtaining a first noise amount
corresponding to the sampled electrical signal based on a preset initial noise ratio parameter and a
level amplitude of the sampled electrical signal includes: obtaining a correspondence between a
level amplitude and a noise amount based on the preset initial noise ratio parameter, the maximum
noise amount, and the minimum noise amount, where the correspondence between a level
amplitude and a noise amount includes a noise amount corresponding to each level amplitude that
is greater than the minimum level and less than the maximum level; and searching the
correspondence between a level amplitude and a noise amount by using the level amplitude of the
sampled electrical signal, to obtain the first noise amount. In this embodiment of this application,
the correspondence between a level amplitude and a noise amount may be pre-established based
on the initial noise ratio parameter, the maximum noise amount, and the minimum noise amount.
For example, the correspondence between & level amplitude and a noise amount includes the
maximum noise amount corresponding to the electrical signal at the maximum level and the

minimum noise amount corresponding to the electrical signal at the minimum level. The
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correspendence between a level amplitude and a noise amount further includes a noise amount
correspending to an electrical signal at a level between the maximum level and the minimum level.
In other words, the correspondence may include noise amounts respectively corresponding to all
level amplitudes. For example, the correspondence may be a table or a set. For example, the table
includes different noise amounts respectively correspending to all level amplitudes. After the level
amplitude of the sampled electrical signal is obtained, the noise amount carresponding to the level
amplitude of the sampled electrical signal may be determined by searching the correspondence. In
this case, the noise amount obtained by searching the correspondence is the first noise amount
corresponding to the sampled electrical signal.

[0012] In this sclution, a correspondence between level amplitudes and noise amounts at
consecutive sampling peoints is a correspondence between level amplitudes at a plurality of
consecutive sampling points and values of noise amounts. For example, the correspondence may
be a table or a set. For example, the correspondence may include noise amounts corresponding to
level amplitudes at P consecutive sampling points. After the level amplitude of the sampled
electrical signal is obtained, different noise amounts corresponding to level amplitudes at different
consecutive sampling point may be determined by searching the correspondence. After the
correspondence between level amplitudes and noise amounts at consecutive sampling points is
established, a third noise amount corresponding to the electrical signal at the maximum level and
a fourth noise amount corresponding to the electrical signal at the minimum level may be
determined by searching the correspondence. After the sampled electrical signal is further
processed by an equalizer, an equalized electrical signal is output. Due to a time-domain
convolution function of the equalizer, noise corresponding to the maximum level and the minimum
level is averaged, and a ratio of the maximum noise amount to the minimum noise amount is less
than the foregoing initial noise ratio parameter M. Therefore, after the sampled electrical signal is
processed by the equalizer, the foregoing initial noise ratio parameter needs to be modified based
on an equalization parameter, that is, the initial noise ratio parameter is modified based on the third
noise amount and the fourth noise amount, to obtain a modified noise ratio parameter. The
equalizer performs time-domain equalization processing on the sampled electrical signal to obtain
an equalized electrical signal. Different equalizers have different noise enhancement degrees.

Therefore, a noise enhancement factor may be further obtained based on the equalization parameter,
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and the noise enhancement factor may be used to measure a noise enhancement degree of a
currently used equalizer. A first noise amount correspending to the equalized electrical signal may
be obtained based on the cbtained level amplitude of the sampled electrical signal, the modified
noise ratio parameter, the noise enhancement factor, and an average optical power. Because the
equalization parameter of the equalizer may be used to determine the modified noise ratio
parameter and the noise enhancement factar, the level amplitude of the sampled electrical signal,
the modified noise ratio parameter, the noise enhancement factor, and the average optical power
may be used to obtain the first noise amount corresponding to the equalized electrical signal. The
first noise amount corresponding to the equalized electrical signal is used as a transmitter test
parameter, so that optical power attenuation of a signal due to noise when an equalizer is used in
the receiver can be simulated, to reflect actual performance of the transmitter. In this embodiment
of this application, noise amounts corresponding to sampled electrical signals at different level
amplitudes are different, that is, the noise amount corresponding to the level amplitude of the
sampled electrical signal may be obtained. Therefore, this solution is applicable to different types
of receivers. A type of a receiver that performs a consistency test on a transmitter by using a
transmitter test parameter is not limited in this embodiment of this application.

[0013] In some embodiments of this application, after the performing waveform sampling on
an optical signal sent by a transmitter, to obtain a sampled electrical signal, the method further
includes: performing time-domain equalization processing on the sampled electrical signal by
using an equalizer, to obtain an equalized electrical signal. In this solution, the receiver may further
include an equalizer. In this case, the sampled electrical signal is further input to the equalizer.
Because the equalizer performs time-domain equalization processing on the sampled electrical
signal, the equalized electrical signal is obtained. Due to a time-domain convolution function of
the equalizer, noise corresponding to different level amplitudes is averaged. Therefore, the first
noise amount needs to be determined again for the equalized electrical signal.

[0014] In some embodiments of this application, the obtaining a first noise amount
corresponding to the sampled electrical signal based on a preset initial noise ratio parameter and a
level amplitude of the sampled electrical signal includes: obtaining an equalization parameter
corresponding to the equalizer, where the equalization parameter includes a tap length of the

equalizer and a tap coefficient of the equalizer; and obtaining a first noise amount corresponding
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to the equalized electrical signal based on the level amplitude of the sampled electrical signal, the
equalization parameter, and the initial noise ratio parameter. In this solution, the receiver may
further include an equalizer. In this case, the sampled electrical signal is further input to the
equalizer. Because the equalizer performs time-domain equalization processing on the sampled
electrical signal, the equalized electrical signal is obtained, and the equalization parameter
correspending to the equalizer is obtained. Due to the time-domain convolution function of the
equalizer, noise corresponding to the maximum level and the minimum level is averaged, and a
ratio of the maximum noise amount to the minimum noise amount is less than the foregoing initial
noise ratio parameter M. Therefore, after the sampled electrical signal is processed by the equalizer,
the first noise amount needs to be obtained again for the equalized electrical signal based on the
level amplitude of the sampled electrical signal, the equalization parameter, and the initial noise
ratio parameter. The equalization parameter of the equalizer affects the first noise amount
corresponding to the equalized electrical signal. Therefore, the first noise amount corresponding
to the equalized electrical signal may be obtained, so that optical power attenuation of a signal due
to noise when an equalizer is used in the receiver can be simulated, to reflect actual performance
of the transmitter.

[0015] In some embodiments of this application, the obtaining a first noise amount
corresponding to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the equalization parameter, and the initial noise ratio parameter includes:
obtaining a correspondence between level amplitudes and noise amounts at consecutive sampling
points based on the level amplitude of the sampled electrical signal, the equalization parameter,
and the initial noise ratio parameter; determining a third noise amount corresponding to the
electrical signal at the maximum level and a fourth noise amount corresponding to the electrical
signal at the minimum level based on the correspondence between level amplitudes and noise
amounts at consecutive sampling points; modifying the initial noise ratio parameter based on the
third noise amount and the fourth noise amount, to obtain a modified noise ratio parameter;
obtaining & noise enhancement factor based on the equalization parameter, where the noise
enhancement factor is used to represent a noise enhancement degree of the equalizer; and obtaining
the first noise amount corresponding to the equalized electrical signal based on the level amplitude

of the sampled electrical signal, the modified noise ratio parameter, the noise enhancement factor,
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and an average optical power, where the average optical power is an average value of optical
powers of the sampled electrical signal at different level amplitudes.

[0016] In some embodiments of this application, the obtaining the first noise amount
correspending to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the modified noise ratio parameter, the noise enhancement factor, and an average
optical power includes: calculating the first noise amount opyr estimatea COrresponding to the

equalized electrical signal in the following manner:

1 TR -Q — ) dy

M(Y)'CquD UT_ estimated ]

2 [ f.(y)dy

EIOR e ) dy

+ ( M(Y)'Ceq ODUT_estimated

2 [ fi()dy

l = BERtarget

where y represents a signal power collected at a sampling point at which the sampled
electrical signal is located, Pu represents the average optical power, f,(y) is amplitude
distribution at a sampling point at which an optical power is greater than Py, fi(y) is amplitude
distribution at a sampling point at which an optical power is less than Pw, M{y) represents the
modified noise ratio parameter, Ceq is the noise enhancement factor, BER:ret is a bit error rate
threshold, and Q represents a tail function with standard normal distribution.
[0017] In this solution, the foregoing formula may be established by using a Gaussian noise
model, bit error determining is performed through forward error correction, a specified bit error
rate threshold is represented as BERGarget, the first noise amount opyt estimatea cOrresponding to
the equalized electrical signal meets the foregoing formula, and the first noise amount
OpUT estimated  COPTesponding to the equalized electrical signal may be output by using the
foregoing formula. No limitation is imposed. In this embodiment of this application, the foregeoing
formula for calculating the first noise amount opyt estimatea COFresponding to the equalized
electrical signal may impose no limitation, and the first noise amount 6py7 estimatea May be
calculated based on an equivalent variant or equation transformation of the foregeing formula.
[0018] In some embodiments of this application, the cbtaining a correspandence between level
amplitudes and noise amounts at consecutive sampling points based on the equalization parameter

includes: determining P consecutive sampling peints corresponding to P taps in the equalizer,
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where a value of P is a positive integer; and calculating, in the following manner, a noise amount

noise,,(n) thatis at an n™ sampling point and that exists after equalization:

P-1 L-1
2 2
. : . 2 : 2
noisegq(n) = > ‘ |noise(n —m) - ko, (m)|” + > . |Faverage - heq (M)
_ P _ L1
T2 T2
\ me -2,

where L represents the tap length of the equalizer, heq represents the tap coefficient of

the equalizer, noise(n — m) represents a noise amount that is at an {n-m)™ sampling point and
that exists before time-domain equalization processing is performed, and o,yerage 1S aN average

noise amount at different level amplitudes; and

quantizing the level amplitude of the sampled electrical signal to obtain W levels,
where W is a positive integer; and obtaining the correspondence between level amplitudes and
noise amounts at consecutive sampling points based on the calculation manner of noise,,(n),
where the correspondence between level amplitudes and noise amounts at consecutive sampling
points includes W¥ noise amounts corresponding to level amplitudes at the P consecutive
sampling points.
[0019] In some embodiments of this application, the obtaining & second noise amount
correspending to an ideal electrical signal based on the initial noise ratio parameter and a level

amplitude of the ideal electrical signal includes: calculating the second noise amount

Tideal primareg COTTESPONMING to the ideal electrical signal in the following manner:

1

y
7¢ = BER
2 ( M- Cideal_estimated 2 ) target

ideal_estimated

y =Py )+1 ( Pep —
.

where y represents a signal power collected at a sampling point at which the ideal
electrical signal is located, P, represents an average optical power, the average optical power is an
average value of optical powers of the ideal electrical signal at different level amplitudes, M
represents the initial noise ratio parameter, BERaret i5 @ bit error rate threshold, and Q represents
a tail function with standard normal distribution.
[0020] In some embodiments of this application, the method further includes: calculating a
transmitter and dispersion eye closure penalty by using the first noise amount and the second noise

amount.
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[0021] In some embodiments of this application, the calculating a transmitter and dispersion
eye closure penalty by using the first noise amount and the second noise amount includes:

calculating the transmitter and dispersion eye closure penalty TDEC, ;cuiaiea 1N the following

manner:
Spur
TDEC.qicuatea =
Oideat
where opyr represents the first noise amount, and o4, represents the second noise
amount.
[0022] In this solution, the transmitter and dispersion eye closure penalty may be expressed as

TDEC gicutarear the transmitter and dispersion eye closure penalty TDEC, . icuarea May be
calculated by using the foregoing formula, and the calculated TDEC result may be used as a
transmitter consistency test result. No limitation is imposed. In this embodiment of this application,
the foregoing formula for calculating the transmitter and dispersion eye closure penalty
TDEC qicutareqa May impose no limitation, and the transmitter and dispersion eye closure penalty
TDEC, qicuarea May be calculated based on an equivalent variant or equation transformation of
the foregoing formula.
[0023] In some embodiments of this application, the method further includes: when the bit
error rate threshold is used, obtaining noise amounts respectively corresponding to the sampled
electrical signal and the ideal electrical signal; obtaining a modification relationship between a
transmitter and dispersion eye closure penalty and a noise amount based on the noise amounts that
respectively correspond to the sampled electrical signal and the ideal electrical signal and that are
obtained when the bit error rate threshold is used; and modifying the calculated transmitter and
dispersion eye closure penalty TDEC, .y cuarea N the following manner:

TDECactuat = TPECeatcutateaf (TPECactuat; TDECeaicutatea)

where TDEC,., represents a modified transmitter and dispersion eye closure
penalty, and f(TDECuctuar, TDEC qicuiatea) Tepresents the modification relationship between a
transmitter and dispersion eye closure penalty and a noise amount,
[0024] In this solution, to evaluate an impact on noise distribution, the madification
relationship between a transmitter and dispersion eye closure penalty and a noise amount is
obtained based on the noise amounts that respectively correspond to the sampled electrical signal

and the ideal electrical signal and that are obtained when the bit error rate threshold is used. For
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example, the modification relationship between a transmitter and dispersion eye closure penalty
and a noise amount may be a TDEC modification look-up table, and different modification values
are assigned to different transmitter and dispersion eye closure penalties TDEC, ;quaceq Pased
on the look-up table. The modified TDEC can be used to simulate optical power attenuation of a
signal due to noise when an equalizer is used in the receiver, to reflect actual performance of the
transmitter.

[0025]  According to a second aspect, an embodiment of this application further provides an
apparatus for obtaining a transmitter test parameter, including a processing module, configured to
perform waveform sampling on an optical signal sent by a transmitter, to obtain a sampled
electrical signal, where the processing module is configured to obtain a first noise amount
corresponding to the sampled electrical signal based on a preset initial noise ratio parameter and a
level amplitude of the sampled electrical signal, where the level amplitude of the sampled electrical
signal is greater than a minimum level and less than a maximum level, the initial noise ratio
parameter is a ratio of a maximum noise amount to a minimum noise amount, the maximum noise
amount is a noise amount corresponding to an electrical signal at the maximum level, the minimum
noise amount is a noise amount corresponding to an electrical signal at the minimum level, and
the first noise amount is a noise amount that is greater than the minimum noise amount and less
than the maximum neoise amount; and the processing module is configured to obtain a second noise
amount corresponding to an ideal electrical signal based on the initial ncise ratio parameter and a
level amplitude of the ideal electrical signal, where the ideal electrical signal has a same optical
modulation amplitude as the sampled electrical signal, and the level amplitude of the ideal
electrical signal is the maximum level or the minimum level, where the first noise amount and the
second noise amount are used to perform a consistency test on the transmitter.

[0026] In some embodiments of this application, the processing module is further configured
to: determine that the level amplitude of the sampled electrical signal is between the maximum
level and the minimum level; and use the maximum noise amount and the minimum noise amount
as an interpolation condition, and perform interpolation calculation on the level amplitude of the
sampled electrical signal based on the initial noise ratio parameter, to obtain the first noise amount.
[0027] In some embodiments of this application, the processing module is further configured

to: obtain a tolerable-noise amount o of the sampled electrical signal at a preset sampling paint;
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determine maximum noise o, corresponding to the electrical signal at the maximum level in
the following manner: o w: = Mo, where M represents the initial noise ratio parameter;
determine the minimum noise amount corresponding to the electrical signal at the minimum level
is og: perform quantization between the maximum level and the minimum level to obtain N level
values, where the N level values are all between the maximum level and the minimum level, and
N is a positive integer; calculate N noise amounts respectively corresponding to the N level values
according to a preset interpolation algorithm; determine that the level amplitude of the sampled
electrical signal is a first level value in the N level values; and obtain a first noise amount
corresponding to the first level value based on a correspondence between the N level values and
the N noise amounts.

[0028] In some embodiments of this application, the processing module is further configured
to: obtain & correspondence between a level amplitude and a noise amount based on the preset
initial noise ratio parameter, the maximum ncise amount, and the minimum noise amount, where
the correspondence between a level amplitude and a noise amount includes a noise amount
corresponding to each level amplitude that is greater than the minimum level and less than the
maximum level; and search the correspondence hetween a level amplitude and a noise amount by
using the level amplitude of the sampled electrical signal, to obtain the first noise amount.

[0029] In some embodiments of this application, the processing module is further configured
to: after performing waveform sampling on the optical signal to obtain the sampled electrical signal,
perform time-domain equalization processing on the sampled electrical signal by using an
equalizer, to obtain an equalized electrical signal.

[0030] In some embodiments of this application, the processing module is further configured
to: obtain an equalization parameter corresponding to the equalizer, where the equalization
parameter includes a tap length of the equalizer and a tap coefficient of the equalizer; and obtain a
first noise amount corresponding to the equalized electrical signal based on the level amplitude of
the sampled electrical signal, the equalization parameter, and the initial noise ratio parameter.
[0031] In some embodiments of this application, the processing module is further configured
to: obtain a correspondence between level amplitudes and noise amounts at consecutive sampling
points based on the level amplitude of the sampled electrical signal, the equalization parameter,

and the initial noise ratio parameter; determine a third noise amount corresponding to the electrical
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signal at the maximum level and a fourth noise amount corresponding to the electrical signal at
the minimum level based on the correspondence between level amplitudes and noise amounts at
consecutive sampling points; modify the initial noise ratio parameter based on the third noise
amount and the fourth noise amount, to obtain a modified noise ratic parameter; obtain a noise
enhancement factor based on the equalization parameter, where the noise enhancement factor is
used to represent a noise enhancement degree of the equalizer; and obtain the first noise amount
corresponding to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the modified noise ratio parameter, the noise enhancement factor, and an average
optical power, where the average optical power is an average value of optical powers of the
sampled electrical signal at different level amplitudes.

[0032] In some embodiments of this application, the processing module is further configured
to calculate the first noise amount 6pyt estimatea COrresponding to the equalized electrical signal

in the following manner:

1 TR -Q — ) dy

M(Y)'CeqUD UT_estimated ]

2 [ f.()dy

M{y) CeqODUT_estimated

2 JRGdy

TR fob ) dy
+_

l = BERtarget

where y represents a signal power collected at a sampling point at which the sampled
electrical signal is located, Pw represents the average optical power, f,(y} is amplitude
distribution at a sampling point at which an optical power is greater than Pw, fi(y) is amplitude
distribution at a sampling point at which an optical power is less than Py, M{y) represents the
modified noise ratio parameter, C., is the noise enhancement factor, BER et is @ bit error rate
threshald, and Q represents a tail function with standard normal distribution,
[0033] In some embodiments of this application, the processing module is further configured

to: determine P consecutive sampling points corresponding to P taps in the equalizer, where a value
of Pis a positive integer; and calculate, in the following manner, a noise amount noiseqq(n) that

is at an n™ sampling point and that exists after equalization:
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P-1 L-1

2 2
. ’ . 2 ’ 2
noisegq(n) = > ‘ |noise(n —m) - ko, (m)|” + > . |average - heq(m)]
P-1 L—-1
m=——— mMm=——
? P—12P—1
\ me[-== ="

where L represents the tap length of the equalizer, heq represents the tap coefficient of

the equalizer, noise(n —m) represents a noise amount that is at an {n-m}™ sampling point and
that exists before time-domain equalization processing is performed, and G,yerage IS an average

noise amount at different level amplitudes; and

the processing module is further configured to: quantize the level amplitude of the
sampled electrical signal to obtain W levels, where W is & positive integer; and obtain the
correspondence between level amplitudes and noise amounts at consecutive sampling points based
on the calculation manner of noise.,(n), where the correspondence between level amplitudes
and noise amounts at consecutive sampling points includes W¥ noise amounts corresponding to
level amplitudes at the P consecutive sampling peints.
[0034] In this solution, to evaluate an impact of a receiver on noise distribution, the
correspendence between level amplitudes and noise amounts at consecutive sampling points may
be obtained based on the equalization parameter. For example, the correspondence between level
amplitudes and noise amounts at consecutive sampling points may be a look-up table related to a
level amplitude and noise existing after equalization, and different noise amounts are assigned to
sampled electrical signals at different level amplitudes based on the look-up table. It is assumed
that only noise corresponding to P consecutive intermediate sampling points of the equalizer is
considered. In an actual application scenario, only a look-up table related to a level amplitude and
a noise amount needs to be established. The level amplitude is quantized to obtain W levels, a
look-up table whose depth is P is established, the table includes a total of W' search items, and
the WP search items include W¥ noise amounts corresponding to the level amplitudes at the P
consecutive sampling points.

[0035] In some embodiments of this application, the processing module is further configured

to calculate the second noise amount a,,.,; corresponding to the ideal electrical signal in

estimated

the following manner:
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1
-0 +20
2 ( M- Gideal_estimated 2

y =Py ) 1 (J_ Peop =y ):BERtang

ideal_estimated

where y represents a signal power collected at a sampling point at which the ideal
electrical signal is lccated, Pw represents an average optical power, the average optical power is an
average value of optical powers of the ideal electrical signal at different level amplitudes, M
represents the initial noise ratio parameter, BERrget is @ bit error rate thresheld, and Q represents
a tail function with standard normal distribution.
[0036] In this solution, the average optical power corresponding to the ideal electrical signal
further needs to be determined, and the average optical power is an average value of optical powers
of the ideal electrical signal at different level amplitudes. For example, in subsequent embodiments,

Ptn or Pave represents the average optical power. Based on the obtained initial noise ratio parameter

and the level amplitude of the ideal electrical signal, the second noise amount ;4.4

estimated

corresponding to the ideal electrical signal may be obtained, and the second noise amount

may be used for a subsequent consistency test on the transmitter.

Oideal pstima od
[0037] In some embodiments of this application, the processing module is further configured
to calculate a transmitter and dispersion eye closure penalty by using the first ncise amount and
the second noise amount.

[0038] In some embodiments of this application, the processing module is further configured

to calculate the transmitter and dispersion eye closure penalty TDEC, jcutaiea in the following

manner:;
Sput
TDEC qicuatea =
Oideal
where opyp represents the first noise amount, and ;,4,,; represents the second noise
amount,
[0039] In some embodiments of this application, the processing module is further configured

to: when the bit error rate threshold is used, obtain noise amounts respectively corresponding to
the sampled electrical signal and the ideal electrical signal; obtain a modification relationship
between a transmitter and dispersion eye closure penalty and a ncise amount based on the noise
amounts that respectively correspond to the sampled electrical signal and the ideal electrical signal

and that are obtained when the bit error rate threshold is used; and modify the calculated transmitter
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and dispersion eye closure penalty TDEC, ;cuiaieq N the following manner:

TDECqctuar = TPECeqtoutateaf (TDECactuat; TDE Conteutatea)

where TDEC, .. represents a modified transmitter and dispersion eye closure
penalty, and f(TDEC civat TPEC aicuiatea) Tepresents the modification relationship between a
transmitter and dispersion eye closure penalty and a noise amount,
[0040] In the second aspect of this application, the modules included in the apparatus for
obtaining a transmitter test parameter may further perform the steps described in the first aspect
and the possible implementations thereof. For details, refer to the descriptions of the first aspect
and the possible implementations thereof.
[0041]  According to a third aspect, an embodiment of this application provides a computer-
readable storage medium. The computer-readable storage medium stores instructions. When the
instructions are run on a computer, the computer is enabled to perform the method according to
the first aspect.
[0042]  According to a fourth aspect, an embodiment of this application provides & computer
program product including instructions. When the computer program product runs on a computer,
the computer is enabled to perform the methed according to the first aspect.
[0043]  According to a fifth aspect, an embodiment of this application provides a receiver,
where the receiver may include an entity such as a terminal device or a chip, the receiver includes
a processor and a memory, the memory is configured to store instructions, and the processor is
configured to execute the instructions in the memory, so that the receiver performs the method
described in the first aspect.
[0044]  According to a sixth aspect, this application provides a chip system. The chip system
includes a processor, configured to support an apparatus for obtaining a transmitter test parameter
in implementing functions in the foregoing aspects, for example, sending or processing data andfor
information in the foregoing methods. In a possible design, the chip system further includes a
memory. The memory is configured to store program instructions and data that are necessary for
the apparatus for obtaining & transmitter test parameter. The chip system may include a chip, or

include a chip and other discrete devices.
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BRIEF DESCRIPTION OF DRAWINGS

[0045] FIG. 1 is a schematic diagram of composition of a system for performing a consistency
test on a transmitter according to an embodiment of this application;

[0046] FIG. 2 is a schematic diagram of composition of a receiver according to an embodiment
of this application;

[0047] FIG. 3 is a schematic diagram of composition of another receiver according to an
embodiment of this application;

[00438] FIG. 4 is a schematic block flowchart of a method for cbtaining a transmitter test
parameter according to an embodiment of this application;

[0049] FIG. 5 is a schematic diagram of an eye diagram of a sampled electrical signal
according to an embodiment of this application;

[0050] FIG. 6 is a flowchart of calculating and modifying TDEC according to an embodiment
of this application;

[0051] FIG. 7 is a schematic diagram of composition of an apparatus for obtaining a transmitter
test parameter according to an embodiment of this application; and

[0052] FIG. 8 is a schematic diagram of composition of another apparatus for cbtaining a

transmitter test parameter according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0053] Embodiments of this application provide a methed and an apparatus for obtaining a
transmitter test parameter, and a storage medium, to obtain a noise amount corresponding to a level
amplitude of a sampled electrical signal, without limiting a type of a receiver that performs a
consistency test on a transmitter by using a transmitter test parameter.

[0054]  The following describes the embodiments of this application with reference to the
accompanying drawings.

[0055] In the specification, claims, and accompanying drawings of this application, the terms
such as "first" and "second" are intended to distinguish between similar objects but do not
necessarily indicate a specific order or sequence. It should be understood that the terms used in

such a way are interchangeable in proper circumstances. This is merely a distinguishing manner
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that is used when objects having a same attribute are described in the embodiments of this
application. In addition, the terms "include”, "have", and any other variants thereof are intended
to cover the non-exclusive inclusion, so that a process, method, system, product, or device that
includes a series of units is not necessarily limited to those units, but may include other units not
expressly listed or inherent to such a process, methaod, system, product, or device,

[0056]  The technical solutions in the embodiments of this application may be applied to a
system for performing a consistency test on a transmitter. FIG. 1 is a schematic diagram of
composition of a system for performing a consistency test on a transmitter according to an
embodiment of this application. The system for performing a consistency test on a transmitter may
include a transmitter and a receiver, and an optical transmission channel may be configured
between the transmitter and the receiver, for example, the optical transmission channel includes
an optical fiber. The transmitter may send an optical signal to the receiver, and the receiver may
receive the optical signal, and complete a consistency test on the transmitter by using the optical
signal.

[0057] In this embodiment of this application, when the receiver performs a consistency test
on the transmitter, a transmitter test parameter needs to be obtained. For example, the receiver may
include an apparatus for obtaining a transmitter test parameter, that is, the apparatus for obtaining
a transmitter test parameter is a component of the receiver. The apparatus for obtaining a
transmitter test parameter may perform the method for obtaining a transmitter test parameter in the
embodiments of this application. Alternatively, the apparatus for obtaining a transmitter test
parameter is a device independent of the receiver. The apparatus for obtaining a transmitter test
parameter performs the subsequent method for obtaining a transmitter test parameter. The receiver
may obtain the transmitter test parameter from the apparatus for obtaining a transmitter test
parameter, and then the receiver may perform a consistency test on the transmitter. An example in
which the receiver performs the method for obtaining a transmitter test parameter is used for
description in subsequent embodiments.

[0058] In this embodiment of this application, there are a plurality of methods in which the
receiver performs a consistency test on the transmitter. For example, the methods may include a
transmitter and dispersion eye closure penalty ({transmitter dispersion eye closure penalty, TDEC)

and a transmitter and dispersion eye closure penalty quaternary (transmitter dispersion eye closure

19



10

15

20

25

30

CA 03149781 2022-2-28

penalty quaternary, TDECQ). No limitation is imposed. In this embediment of this application, the
receiver may perform a consistency test on the transmitter by using another sclution. This is not
limited herein.

[0059] In some embodiments of this application, FIG. 2 is a schematic diagram of composition
of a receiver according to an embodiment of this application. The receiver may include an optical
splitter, an optical fiber, a photoelectric detector, a clock recovery module, an oscilloscope, and a
processor. First, the optical splitter splits, through the optical transmission channel, the optical
signal sent by the transmitter. Next, the optical splitter transmits the optical signal to the
photoelectric detector by using the optical fiber. The photoelectric detector converts the optical
signal into an electrical signal. Then, the clock recovery module performs clock recovery on the
electrical signal, and then transmits the electrical signal tc the oscilloscope. The oscilloscope
collects a complete sampled electrical signal in a pattern triggered {pattern triggered) manner or
by directly using the oscilloscope in real time. Finally, the processor obtains & noise amount
corresponding to the sampled electrical signal, and the processcr performs a consistency test on
the transmitter. For details, refer to detailed descriptions of the method for obtaining a transmitter
test parameter that is performed by the processor in subsequent embodiments.

[0060] In some other embodiments of this application, FIG. 3 is a schematic diagram of
composition of another receiver according to an embodiment of this application. In addition to an
optical splitter, an optical fiber, a photoelectric detector, a clock recovery module, an oscilloscope,
and a processor, the receiver may further include an equalizer. The equalizer is configured to
perform time-domain equalization processing on a sampled electrical signal to obtain an equalized
electrical signal. Finally, the processor obtains a noise amount corresponding to the equalized
electrical signal, and the processor performs a consistency test on a transmitter. For details, refer
to detailed descriptions of the method for obtaining a transmitter test parameter that is performed
by the processor in subsequent embodiments.

[0061] Based on the foregeing receiver, a method for obtaining a transmitter test parameter in
an embodiment of this application is described below. The method for obtaining a transmitter test
parameter may be performed by an apparatus for obtaining a transmitter test parameter. For
example, the apparatus for obtaining a transmitter test parameter may be a component of the

receiver. An example in which the receiver performs the method for obtaining a transmitter test
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parameter is used for description in subsequent embodiments. As shown in FIG. 4, the method for
obtaining a transmitter test parameter provided in this embodiment of this application includes the
following steps:

[0062] 401. Perform waveform sampling on an optical signal sent by a transmitter, to obtain a
sampled electrical signal.

[0063]  The receiver may receive the optical signal from the transmitter, and the optical signal
carries data that is sent by the transmitter to the receiver.

[0064] In some embodiments of this application, if the method for obtaining a transmitter test
parameter is performed by the apparatus for obtaining a transmitter test parameter, the apparatus
for obtaining a transmitter test parameter may obtain, by using the receiver, the optical signal sent
by the transmitter.

[0065] In this embodiment of this application, it may be learned from FIG. 2 and FIG. 3 that
the receiver may perform waveform sampling by using the optical splitter, the photoelectric
detector, and the oscilloscope, to convert the optical signal into an electrical signal, and sample the
electrical signal to obtain a sampled electrical signal. The sampled electrical signal has a level
amplitude. The level amplitude of the sampled electrical signal obtained through sampling is not
limited. In this embodiment of this application, the level amplitude of the sampled electrical signal
is a basis for determined a noise amount for the sampled electrical signal. Different noise amounts
may be determined for different levels amplitudes of the sampled electrical signal, so that actual
optical power attenuation of different optical signals transmitted by the transmitter can be
simulated, to reflect actual performance of the transmitter. For details, refer to detailed descriptions
of noise amount determining in the subsequent step 402.

[0066] 402. Obtain a first noise amount corresponding to the sampled electrical signal based
on a preset initial noise ratio parameter and a level amplitude of the sampled electrical signal,
where the level amplitude of the sampled electrical signal is greater than a minimum level and less
than a maximum level, the initial noise ratio parameter is a ratio of a maximum noise amountto a
minimum noise amount, the maximum noise amount is a noise amount corresponding to an
electrical signal at the maximum level, the minimum noise amount is a noise amount
corresponding to an electrical signal at the minimum level, and the first noise amount is a noise

amount that is greater than the minimum noise amount and less than the maximum noise amount.
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[0067] In this embodiment of this application, after the sampled electrical signal is obtained,
the level amplitude of the sampled electrical signal may be determined, and the preset initial noise
ratio parameter may be further obtained. The initial noise ratio parameter is the ratic of the
maximum noise amount to the minimum noise amount. The maximum noise amount is a noise
amount corresponding to the electrical signal at the maximum level, for example, the maximum
level may be 1. The minimum noise amount is a noise amount corresponding to the electrical signal
at the minimum level, for example, the minimum level may be 0. The maximum noise amount and
the minimum noise amount may be determined based on an electric signal at a predetermined
maximum level and an electric signal at a predetermined minimum level. After the maximum noise
amount and the minimum noise amount are determined, the preset initial noise ratio parameter
may be determined.

[0068] In this embodiment of this application, the initial noise ratio parameter may be used to
calculate the first noise amount corresponding to the sampled electrical signal. The first noise
amount is specifically a noise amount corresponding to a sampled electrical signal obtained by the
apparatus for cbtaining a transmitter test parameter. In this embodiment of this application, the
first noise amount corresponding to the sampled electrical signal is a noise amount that is greater
than the minimum neoise amount and less than the maximum noise amount. For example, the first
noise amount may be a noise amount in a first interval, a maximum value of the first interval is
the maximum noise amount, and a minimum value of the first interval is the minimum noise
amount. A specific value of the first noise amount is not limited, provided that the first noise
amount is between the maximum noise amount and the minimum noise amount. The first noise
amount corresponding to the sampled electrical signal depends on the level amplitude of the
sampled electrical signal and the initial noise ratio parameter. In this embodiment of this
application, the receiver may determine different noise amounts for different level amplitudes of
the sampled electrical signal. This is substantially different from a current solution in which a same
noise amount is determined for all sampled electrical signals. Therefore, in this embodiment of
this application, when the receiver performs a consistency test on the transmitter by using a noise
amount corresponding to the sampled electrical signal, actual optical power attenuation of different
optical signals transmitted by the transmitter can be simulated, to reflect actual performance of the

transmitter. In addition, in this embodiment of this application, noise amounts corresponding to
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sampled electrical signals at different level amplitudes are different, that is, a noise amount
correspending to the level amplitude of the sampled electrical signal may be chtained. Therefore,
this solution is applicable to different types of receivers. A type of a receiver that performs a
consistency test on a transmitter by using a transmitter test parameter is not limited in this
embodiment of this application. For example, this embodiment of this application is applicable to
a PIN receiver, and is also applicable to an APD receiver.
[0069] In this embodiment of this application, there are a plurality of specific manners of
obtaining the first noise amount corresponding to the sampled electrical signal. For example, a
preset calculation method may be used to use the initial noise ratic parameter and the level
amplitude of the sampled electrical signal as an input condition. A specific value of the first noise
amount may be obtained by using the calculation method, provided that the calculated first noise
amount is between the maximum noise amount and the minimum noise amount.
[0070] In some embodiments of this application, step 402 of obtaining a first noise amount
corresponding to the sampled electrical signal based on a preset initial noise ratio parameter and a
level amplitude of the sampled electrical signal includes:

obtaining a correspondence between a level amplitude and a noise amount based on the
preset initial noise ratio parameter, the maximum necise amount, and the minimum noise amount,
where the correspondence between a level amplitude and a noise amount includes a noise amount
corresponding to each level amplitude that is greater than the minimum level and less than the
maximum level; and

searching the correspondence between a level amplitude and a noise amount by using
the level amplitude of the sampled electrical signal, to obtain the first noise amount.
[0071] In this embodiment of this application, the correspondence between a level amplitude
and a noise amount may be pre-established based on the initial noise ratio parameter, the maximum
noise amount, and the minimum noise amount. For example, the correspondence between a level
amplitude and a noise amount includes the maximum noise amount corresponding to the electrical
signal at the maximum level and the minimum noise amount corresponding to the electrical signal
at the minimum level. The correspondence between a level amplitude and a noise amount further
includes a noise amount corresponding to an electrical signal at a level between the maximum

level and the minimum level. In other words, the correspondence may include noise amounts
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respectively corresponding to all level amplitudes. For example, the correspondence may be a table
or a set. For example, the table includes different noise amounts respectively corresponding to all
level amplitudes. After the level amplitude of the sampled electrical signal is obtained, the noise
amount correspending to the level amplitude of the sampled electrical signal may be determined
by searching the correspondence. In this case, the noise amount obtained by searching the
correspendence is the first noise amount corresponding to the sampled electrical signal.

[0072] In some embodiments of this application, different noise amounts may be determined
for different level amplitudes of the sampled electrical signal. For example, when the sampled
electrical signal is the electrical signal at the maximum level, it is determined that the first noise
amount is the maximum noise amount. For another example, when the sampled electrical signal is
the electrical signal at the minimum level, it is determined that the first noise amount is the
minimum noise amount. In addition, in some embodiments of this application, step 402 of
obtaining a first noise amount corresponding to the sampled electrical signal based on a preset
initial noise ratio parameter and a level amplitude of the sampled electrical signal includes:
[0073] 4021. Determine that the level amplitude of the sampled electrical signal is between
the maximum level and the minimum level.

[0074] 4022. Use the maximum noise amount and the minimum noise amount as an
interpolation condition, and perform interpolation calculation on the level amplitude of the
sampled electrical signal based on the initial noise ratio parameter, to obtain the first noise amount.
[0075]  After the level amplitude of the sampled electrical signal is obtained, it is determined
whether the level amplitude of the sampled electrical signal is between the maximum level and the
minimum level. For example, if the maximum level is 1 and the minimum level is 0, the level
amplitude of the sampled electrical signal may be 0.8, 0.9, 0.6, or the like. The maximum noise
amount and the minimum noise amount are used as the interpolation condition, that is, the
maximum noise amount and the minimum noise amount are used as two endpoint values of an
interpolation algorithm, and interpolation calculation is performed on the level amplitude of the
sampled electrical signal based on the initial noise ratio parameter, to obtain the first noise amount.
A larger level amplitude of the sampled electrical signal indicates a larger first noise amount
corresponding to the sampled electrical signal. A smaller level amplitude of the sampled electrical

signal indicates a smaller first noise amount corresponding to the sampled electrical signal.
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[0076] In some embodiments of this application, the interpolation algorithm is an algorithm
used to calculate a result by using an interpalation function when the maximum noise amount and
the minimum noise amount are known. A plurality of interpolation algeorithms may be used in this
embodiment of this application. For example, the interpolation algorithm may be linear
interpolation, nearest-neighbor interpolation, or bilinear interpolation. This is not limited herein.
[0077] Further, in some embodiments of this application, step 4022 of using the maximum
noise amount and the minimum noise amount as an interpolation condition, and performing
interpolation calculation on the level amplitude of the sampled electrical signal based on the initial
noise ratio parameter, to obtain the first noise amount includes:
[0078]  Al. Obtain a tolerable-noise amount o, of the sampled electrical signal at a preset
sampling point.
[0079] A2 Determine maximum noise o,,,, corresponding to the electrical signal at the
maximum level in the following manner:

0 wmx = Mo ¢, where M represents the initial noise ratio parameter.
[0080]  A3. Determine the minimum noise amount corresponding to the electrical signal at the
minimum level is og.
[0081] Ad. Perform quantization between the maximum |evel and the minimum level to obtain
N level values, where the N level values are all between the maximum level and the minimum
level, and N is a positive integer.
[0082]  AS5. Calculate N noise amounts respectively corresponding to the N level values
according to a preset interpolation algorithm.
[0083]  A6. Determine that the level amplitude of the sampled electrical signal is a first level
value in the N level values.
[0084] AJ. Obtain a first noise amount corresponding to the first level value based on a
correspondence between the N level values and the N noise amounts.
[0085]  The preset sampling point of the sampled electrical signal is first determined. For
example, in a TDEC scenario, determined sampling points may be a sampling point at a 0.4 unit
interval (unit interval, Ul) location and a sampling point at a 0.6 Ul location. The tolerable-noise
amount o of the sampled electrical signal at the preset sampling point is obtained. For example,

the noise amount corresponding to the sampled electrical signal is obtained by using a Gaussian
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noise model, to obtain maximum tolerable-noise amounts o and o, at the sampling points at
the left and right locations (the 0.4 Ul location and the 0.6 Ul location). In this case, the tolerable-
noise amount o, of the sampled electrical signal at the preset sampling point is the tolerable-
noise amount o, or op at the sampling point at the left location {0.4 Ul} or the right location
(0.6 Ul). After o is obtained, the maximum noise o,,,, corresponding to the electrical signal
at the maximum level may be determined: ¢ ... = Mo ¢, where M represents the initial noise ratio
parameter. It is determined that the minimum noise amount corresponding to the electrical signal
at the minimum level is oy.

[0086] Level amplitude quantization is performed based on the maximum level and the
minimum level, to obtain the N level values through quantization between the maximum level and
the minimum level. In this case, the N level values are all between the maximum level and the
minimum level, and N is a positive integer. Next, the N noise amounts respectively corresponding
to the N level values are calculated according to the preset interpolation algorithm, that is, cne
noise amount is calculated according to the interpolation algorithm for each of the N level values
obtained through quantization. In this case, the N noise amounts may be calculated for the N level
values. For example, the correspondence between a level amplitude and a noise amount may
include the N noise amounts respectively corresponding to the N level values. If it is determined
that the level amplitude of the sampled electrical signal is the first level value in the N level values,
the first level value is a level value in the N level values. Finally, the first noise amount
corresponding to the first level value is obtained based on the correspondence between the N level
values and the N noise amounts. In this embodiment of this application, it is determined that the
level amplitude of the sampled electrical signal is the first level value in the N level values, and
the correspondence between the N level values and the N noise amounts is searched by using the
first level value, to determine the first noise amount corresponding to the sampled electrical signal.
In this embodiment of this application, different noise amounts may be determined for different
level amplitudes of the sampled electrical signal. This embodiment of this application provides a
solution for obtaining fine noise amounts corresponding to different level amplitudes of the
sampled electrical signal. Therefore, in this embodiment of this application, actual optical power
attenuation of different optical signals transmitted by the transmitter may be simulated, to reflect

actual performance of the transmitter. In this embodiment of this application, noise amounts
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correspending to sampled electrical signals at different level amplitudes are different, that is, the
noise amount correspending ta the level amplitude of the sampled electrical signal may be obtained.
Therefore, this solution is applicable to different types of receivers. A type of a receiver that
performs a consistency test on a transmitter by using a transmitter test parameter is not limited in
this embodiment of this application.

[0087] For example, FIG. 5 is a schematic diagram of an eye diagram of a sampled electrical
signal according to an embodiment of this application. An example in which the receiver is an
APD receiver is used. When receiving an optical signal sent by the transmitter, the APD receiver
may sample the optical signal to obtain a sampled electrical signal. The APD receiver may obtain
an initial noise ratio parameter M, and then cbtain a first ncise amount corresponding to the
sampled electrical signal. For example, a level amplitude of the sampled electrical signal may be
alevel 1 oralevel 0. It is determined that noise corresponding to a sampling point at which a level
is higher than a determining threshold is Mo, and noise corresponding to a sampling point at
which a level is lower than the determining threshold is o;. However, due to factors such as
limited bandwidth and non-linearity, the eye diagram has more than two levels, and further
includes various cross levels, that is, the level amplitude of the sampled electrical signal is between
a maximum level and a minimum level, for example, & level at a sampling point is not limited to
0 and 1, and may be a cross level such as 0.9 or 0.8.

[0088] In this embodiment of this application, a more precise noise amount corresponding to
the level amplitude of the sampled electrical signal may be obtained. For example, the N noise
amounts obtained according to a linear interpolation algorithm are respectively (M-(M-1)/N)xo,
(M-2{M-1)/N)xag, ..., (1+2(M-1)/N)xo¢, and {1+{M-1)/N}xo.. When the level at the sampling
point is 1 and 0, the corresponding noise amounts are Mo and og. For a sampling point
corresponding to an intermediate level such as 0.9 or 0.8, a noise amount is obtained according to
the interpolation algorithm. FIG. 5 shows a result of linear interpolation. For example, when the
level amplitude of the sampled electrical signal is 0.5, a noise amount determined for the sampled
electrical signal is (M+1)o/2.

[0089] In some embodiments of this application, based on the composition of the receiver
shown in FIG. 3, after the receiver performs waveform sampling on the electrical signal by using

the oscilloscope, to obtain the sampled electrical signal, the method provided in this embodiment

27



10

15

20

25

30

CA 03149781 2022-2-28

of this application further includes the following step:

[0090] Bl. Perform time-domain equalization processing on the sampled electrical signal by
using an equalizer, to obtain an equalized electrical signal.

[0091]  Thereceiver may further include an equalizer. In this case, the sampled electrical signal
is further input to the equalizer. Because the equalizer performs time-domain equalization
processing on the sampled electrical signal, the equalized electrical signal is obtained, Due to a
time-domain convolution function of the equalizer, noise corresponding to different level
amplitudes is averaged. Therefore, the first noise amount needs to be determined again for the
equalized electrical signal.

[0092] In some embodiments of this application, in an implementation scenario in which step
B1is performed, step 402 of obtaining a first noise amount corresponding to the sampled electrical
signal based on a preset initial noise ratio parameter and a level amplitude of the sampled electrical
signal includes:

[0093] Cl. Obtain an equalization parameter corresponding to the equalizer, where the
equalization parameter includes a tap length of the equalizer and a tap coefficient of the equalizer.
[0094] C2. Obtain a first noise amount corresponding to the equalized electrical signal based
on the level amplitude of the sampled electrical signal, the equalization parameter, and the initial
noise ratio parameter.

[0095]  Thereceiver may further include an equalizer. In this case, the sampled electrical signal
is further input to the equalizer. Because the equalizer performs time-domain equalization
processing on the sampled electrical signal, the equalized electrical signal is obtained, and the
equalization parameter corresponding to the equalizer is obtained. Specifically, the obtained
equalization parameter may include the tap length of the equalizer and the tap ccefficient of the
equalizer. The tap length may be represented by L, and the tap coefficient depends on a parameter
of the equalizer.

[0096] In this embodiment of this application, after the sampled electrical signal is further
processed by the equalizer, the equalized electrical signal is output. Due to the time-domain
convolution function of the equalizer, noise corresponding to the maximum level and the minimum
level is averaged, and a ratio of the maximum noise amount to the minimum noise amount is less

than the foregoing initial noise ratio parameter M. Therefore, after the sampled electrical signal is
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processed by the equalizer, the first noise amount needs to be obtained again for the equalized
electrical signal based on the level amplitude of the sampled electrical signal, the equalization
parameter, and the initial noise ratic parameter. The equalization parameter of the equalizer affects
the first noise amount corresponding to the equalized electrical signal. Therefore, the first noise
amount correspending to the equalized electrical signal may be obtained, so that optical power
attenuation of a signal due to noise when an equalizer is used in the receiver can be simulated, to
reflect actual performance of the transmitter.

[0097] In some embodiments of this application, step C2 of obtaining a first noise amount
corresponding to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the equalization parameter, and the initial noise ratioc parameter may specifically
include the following steps:

[0098] C21. Obtain a correspondence between level amplitudes and nocise amounts at
consecutive sampling points based on the level amplitude of the sampled electrical signal, the
equalization parameter, and the initial noise ratio parameter.

[0099] C22. Determine a third noise amount corresponding to the electrical signal at the
maximum level and a fourth noise amount corresponding to the electrical signal at the minimum
level based on the correspondence between level amplitudes and noise amounts at consecutive
sampling points.

[00100] C23. Modify the initial noise ratio parameter based on the third noise amount and the
fourth noise amount, to obtain a modified noise ratio parameter.

[00101] C24. Obtain a noise enhancement factor based on the equalization parameter, where
the noise enhancement factor is used to represent a noise enhancement degree of the equalizer.
[00102] (C25. Obtain the first noise amount corresponding to the equalized electrical signal
based on the level amplitude of the sampled electrical signal, the modified noise ratio parameter,
the noise enhancement factor, and an average optical power, where the average optical power is
an average value of optical powers of the sampled electrical signal at different level amplitudes.
[00103] Specifically, in step C21, the correspondence between level amplitudes and noise
amounts at consecutive sampling points is first obtained based on the level amplitude of the
sampled electrical signal, the equalization parameter, and the initial noise ratio parameter. The

correspondence between level amplitudes and noise amounts at consecutive sampling points is a
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correspendence between level amplitudes at a plurality of consecutive sampling points and values
of noise amounts. For example, the correspandence may be a table or a set. For example, the
correspendence may include noise amounts corresponding to level amplitudes at P consecutive
sampling points. After the level amplitude of the sampled electrical signal is obtained, different
noise amounts corresponding to level amplitudes at different consecutive sampling peint may be
determined by searching the correspondence. The correspondence between level amplitudes and
noise amounts at consecutive sampling points may include different noise amounts correspending
to different level amplitudes at P consecutive sampling points,

[00104] Further, step C21 of obtaining a correspondence between level amplitudes and noise
amounts at consecutive sampling points based on the equalization parameter includes:

[00105] C211. Determine P consecutive sampling points corresponding to Ptaps in the equalizer,
where a value of P is a positive integer.

[00106] C212. Calculate, in the following manner, a noise amount noise.,(n) thatis atan nth

sampling point and that exists after equalization:

P-1 L-1
R 2
. ’ . 2 ’ 2
noise,q(n) = > ‘ |noise(n —m) - koo (m)|” + > . |oaverage - Peq(m)|
_ P _ b1
2 T2
\ et 22222

where L represents the tap length of the equalizer, heq represents the tap coefficient of

the equalizer, noise(n — m) represents a noise amount that is at an {n-m)™ sampling point and
that exists before time-domain equalization processing is performed, and o,yerage IS @n average

noise amount at different level amplitudes.

[00107] C213. Quantize the level amplitude of the sampled electrical signal to chtain W levels,
where W is a positive integer.

[00108] C214. Obtain the correspondence between level amplitudes and noise amounts at
consecutive sampling points based on the calculation manner of noise.,(n), where the
correspondence between level amplitudes and noise amounts at consecutive sampling points
includes W” noise amounts corresponding to level amplitudes at the P consecutive sampling
points.

[00109] To evaluate an impact of the receiver on noise distribution, the correspondence between

level amplitudes and noise amounts at consecutive sampling points may be obtained based on the
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equalization parameter. For example, the correspondence between level amplitudes and noise
amounts at consecutive sampling points may be a look-up table related to a level amplitude and
noise existing after equalization, and different noise amounts are assigned to sampled electrical
signals at different level amplitudes based on the lcok-up table.

[00110] For example, after the equalizer in the receiver performs time-domain equalization
processing on the sampled electrical signal, noise at the n™ sampling point y(n) may be

discretized in time domain as follows:

L—1

2z

noisegq(n) = ' > |noise(n —m) -heq(m)|2

==

where noise(n) is noise existing before equalization, and is related to a power y(n)

of a received signal, noise.q(n) is noise existing after equalization, L is the tap length of the

equalizer, and h.y(n) is the tap coefficient of the equalizer. It is assumed that only noise

corresponding to P consecutive intermediate sampling points of the equalizer is considered, and
the P consecutive sampling points may also be referred to as P cursors {cursor). In this case, noise

noise(n) corresponding to sampling points on two sides of the P consecutive sampling points may
be simplified a5 ©,yerage IN this case, the formula in step C212 is used. Because noise(n — m)
depends on a level amplitude, in an actual application scenario, only a look-up table related to a
level amplitude and noiseqq(n) needs to be established. The level amplitude is quantized to
obtain W levels {level), and a look-up table whose depth is P is established based on h,,(n) and

according to the formula in step €212, and the table includes a total of WP search items. The

look-up table is shown by Table 1 below.

Table 1 Look-up table related to a level amplitude and a noise amount

Search item Levels at P consecutive sampling points Noise amount

sequence number

1 level: levels ... level; level; noise;
2 level, levelr ... level: level, noise;
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Search item Levels at P consecutive sampling points Noise amount
sequence number

3 levely levelr ... levelr levels noises

W+l levely levelr ... levelz level Noisews+1
W+2 levelq levely ... levelz levels noisews2
W+3 level, levely ... level; levels noisewss
WP-1 levelw levelw ... levelw levelw-1 noiseyr_;
WP levelw levelw ... levelw levelw noisey»

[00111] Based on the foregoing Table 1, in this embodiment of this application, nocise
distribution may be changed in the following two manners. For example, different noise amounts
may be assigned to sampling signals at different level amplitudes based on the foregoing Table 1,
tc change noise distribution. For another example, the initial noise ratio parameter M may be
modified, to change noise distribution. For example, in the subsequent step C23, the initial noise
ratio parameter M is modified. It is assumed that noise correspending to a level 1 is the third noise
amount noisey,», and noise corresponding to a level 0 is the fourth noise amount noise;.
Therefore, the modified noise ratio parameter may be obtained by using a ratio of the third noise
amount noiseyr to the fourth noise amount noise;.

[00112] In step C22, after the correspondence between level amplitudes and noise amounts at
consecutive sampling points is established, the third noise amount corresponding to the electrical
signal at the maximum level and the fourth noise amount corresponding to the electrical signal at
the minimum level may be determined by searching the correspondence. The third noise amount
is a noise amount that corresponds to the electrical signal at the maximum level and that is found
based on the correspondence hetween level amplitudes and noise amounts at consecutive sampling
points, and the fourth noise amount is a noise amount that corresponds to the electrical signal at
the minimum level and that is found based on the correspondence between level amplitudes and
noise amounts at consecutive sampling points.

[00113] Instep C23, after the sampled electrical signal is further processed by the equalizer, the
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equalized electrical signal is output. Due to the time-domain cenvoluticn function of the equalizer,
noise corresponding to the maximum level and the minimum level is averaged, and a ratio of the
maximum noise amount to the minimum noise amount is less than the foregoing initial neise ratio
parameter M, Therefore, after the sampled electrical signal is processed by the equalizer, the
foregoing initial noise ratio parameter needs to be modified based on the equalization parameter,
that is, the initial noise ratio parameter is medified based on the third neise amount and the fourth
noise amount, to obtain the modified noise ratio parameter.

[00114] For example, the modifying the initial noise ratio parameter based on the third noise
amount and the fourth noise amount, to obtain a modified noise ratio parameter may be

implemented in the following manner:

_hoiseyr

I

noise,

where the third noise amount corresponding to the maximum level is noiseye, the
fourth noise amaount corresponding to the minimum level is noise,, and the modified noise ratio
parameter is M'.
[00115] In step C24, the equalizer performs time-domain equalization processing on the
sampled electrical signal to obtain the equalized electrical signal. Different equalizers have
different noise enhancement degrees. Therefore, a noise enhancement factor may be further
obtained based on the equalization parameter, and the noise enhancement factor may be used to
measure a noise enhancement degree of a currently used equalizer.
[00116] In step C25, the average optical power corresponding to the sampled electrical signal
further needs to be determined, and the average optical power is an average value of optical powers
of the sampled electrical signal at different level amplitudes. For example, in subsequent
embodiments, Py or P.. represents the average optical power. The first noise amount
correspending to the equalized electrical signal may be obtained based on the obtained level
amplitude of the sampled electrical signal, the modified noise ratio parameter, the noise
enhancement factor, and the average optical power. Because the equalization parameter of the
equalizer may be used to determine the modified noise ratic parameter and the noise enhancement
factor, the level amplitude of the sampled electrical signal, the modified noise ratio parameter, the
noise enhancement factor, and the average optical power may be used to obtain the first noise

amount corresponding to the equalized electrical signal. The first noise amount corresponding to
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the equalized electrical signal is used as a transmitter test parameter, so that optical power
attenuation of a signal due to noise when an equalizer is used in the receiver can be simulated, to
reflect actual performance of the transmitter. In this embodiment of this application, noise amounts
correspending to sampled electrical signals at different level amplitudes are different, that is, the
noise amount correspending ta the level amplitude of the sampled electrical signal may be obtained.
Therefore, this solution is applicable to different types of receivers. A type of a receiver that
performs a consistency test on a transmitter by using a transmitter test parameter is not limited in
this embodiment of this application.

[00117] In some embodiments of this application, step C25 of obtaining the first noise amount
corresponding to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the modified noise ratio parameter, the noise enhancement factor, and an average
optical power includes:

[00118] (C251. Calculate the first noise amount opyt estimatea COrresponding to the equalized

electrical signal in the following manner:

M EAGR — ) dy

M(Y)'CquDUT_estimated )

2 [ f.()dy

N EXCOR] | e Jdy

M(y)- CeqODUT_estimated

2 Thiydy

l = BERtarget

where y represents a signal power collected at a sampling point at which the sampled
electrical signal is located, Pw represents the average optical power, f,(y} is amplitude
distribution at a sampling point at which an optical power is greater than Pw, fi(y) is amplitude
distribution at a sampling point at which an optical power is less than Py, M({y) represents the
modified noise ratio parameter, Ceq is the noise enhancement factar, BER:ret is a bit error rate
threshald, and Q represents a tail function with standard normal distribution,
[00119] The foregoing formula may be established by using a Gaussian noise madel, bit error
determining is performed through forward error correction {forward error correction, FEC}, a
specified bit error rate threshold is represented as BERrge:, the first noise amount 6pyrt estimated
correspending to the equalized electrical signal meets the formula in step C251, and the first noise

amount opyT estimated COTesponding to the equalized electrical signal may be output by using
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the foregoing formula in step C251. No limitation is impeosed. In this embodiment of this
application, the foregoing formula, in step C251, for calculating the first noise amount
OpuT estimated COrresponding to the equalized electrical signal may impose no limitation, and the
first noise amount opyT estimatea May be calculated based on an equivalent variant or equation
transformation of the foregoing formula in step C251.

[00120] 403. Obtain a second noise amount corresponding to an ideal electrical signal based on
the initial noise ratio parameter and a level amplitude of the ideal electrical signal, where the ideal
electrical signal has a same optical modulation amplitude as the sampled electrical signal, and the
level amplitude of the ideal electrical signal is the maximum level or the minimum level.

[00121] In this embodiment of this application, there is no logical sequence between step 402
and step 403. Step 402 may be performed before step 403, or step 403 may be performed before
step 402, or step 402 and step 403 may be performed at the same time. This is not limited herein.
[00122] In this embodiment of this application, the preset initial noise ratio parameter is
obtained. The initial noise ratio parameter is the ratio of the maximum noise amount to the
minimum noise amount. The maximum noise amount is a noise amount corresponding to the
electrical signal at the maximum level, for example, the maximum level may be 1. The minimum
noise amount is a noise amount corresponding to the electrical signal at the minimum level, for
example, the minimum level may be 0. The maximum noise amount and the minimum noise
amount may be determined based on an electric signal at a predetermined maximum level and an
electric signal at a predetermined minimum level. After the maximum noise amount and the
minimum noise amount are determined, the preset initial noise ratio parameter may be determined.
[00123] In this embodiment of this application, the ideal electrical signal is determined based
on an optical modulation amplitude of the sampled electrical signal. In this case, the ideal electrical
signal is a virtual signal that has a same optical modulation amplitude (optical modulation
amplitude, OMAY) as the to-be-tested sampled electrical signal, and the level amplitude of the ideal
electrical signal may be the maximum level or the minimum level, that is, the level amplitude of
the ideal electrical signal is not a level value between the maximum level and the minimum level.
The second noise amount corresponding to the ideal electrical signal is obtained based on the initial
noise ratio parameter and the level amplitude of the ideal electrical signal. The second noise

amount is a noise amount corresponding to the ideal electrical signal, and the second noise amount
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is a maximum tolerable-ncise amount of the ideal electrical signal.
[00124] In some embodiments of this application, step 403 of cbtaining a second noise amount
correspending to an ideal electrical signal based on the initial noise ratio parameter and a level

amplitude of the ideal electrical signal includes:

calculating the second noise amount o4 corresponding to the ideal

estimated

electrical signal in the following manner:

1
357 3
2 M O-ideal_estimatea‘, 2

Yy — P 1 Pip—y

) (W) = BER¢target

where y represents a signal power collected at a sampling point at which the ideal

electrical signal is located, P, represents an average optical power, the average optical power is an

average value of optical powers of the ideal electrical signal at different level amplitudes, M

represents the initial noise ratio parameter, BERaret i5 @ bit error rate threshold, and Q represents
a tail function with standard normal distribution.

[00125] Specifically, the average optical power corresponding to the ideal electrical signal

further needs to be determined, and the average optical power is an average value of optical powers

of the ideal electrical signal at different level amplitudes. For example, in subsequent embodiments,

Pt or Paye represents the average optical power. Based on the obtained initial noise ratio parameter

and the level amplitude of the ideal electrical signal, the second noise amount &geq;

estimated

correspending to the ideal electrical signal may be obtained, and the second noise amount

Tideal,omareg MAY b€ Used for a subsequent consistency test on the transmitter.

[00126] Inthis embodiment of this application, after the first noise amount corresponding to the
sampled electrical signal is obtained by using the foregoing step 402, and the second noise amount
corresponding to the ideal electrical signal is obtained by using the foregoing step 403, the first
noise amount and the second noise amount may be used to perform & consistency test on the
transmitter. A TDEC or TDECQ test method may be used to perform a consistency test on the
transmitter, to obtain a final transmitter consistency test result by using the first noise amount and
the second noise amount.

[00127] In some embodiments of this application, the method provided in this embodiment of

this application may further include the following steps.
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[00128] D1. Calculate a transmitter and dispersion eye closure penalty by using the first noise
amount and the second noise amount.

[00129] The first noise amount and the second ncise amount are used to perform a consistency
test on the transmitter. For example, @ TDEC or TDECQ test methed may be used to perform a
consistency test on the transmitter. In subsequent embodiments, calculation of TDEC is used as an
example. In this case, the calculated TDEC result may be used as a transmitter consistency test
result.

[00130] For example, in some embodiments of this application, step D1 of calculating a
transmitter and dispersion eye closure penalty by using the first noise amount and the second noise
amount includes:

[00131] D11 Calculate the transmitter and dispersion eye closure penalty TDEC, cuiatea N

the following manner;

Gpur
TDECcalcuated =

Oideal
where apyr represents the first noise amount, and o,4.,; represents the second noise

amount.

[00132] Specifically, the transmitter and dispersion eye closure penalty may be expressed as
TDEC,qicutarea the transmitter and dispersion eye closure penalty TPEC. icuiatea May be
calculated by using the foregoing formula in step D11, and the calculated TDEC result may be
used as a transmitter consistency test result. No limitation is imposed. In this embodiment of this
application, the foregoing formula, in step D11, for calculating the transmitter and dispersion eye
closure penalty TDEC, qicuiarea May impose no limitation, and the transmitter and dispersion eye
closure penalty TDEC, ,icuiatea May be calculated based on an equivalent variant or equation
transformation of the foregoing formula in step D11.

[00133] Insome embodiments of this application, in an implementation scenario in which step
D1 cor D11 is performed, the method provided in this embodiment of this application may further
include the following steps:

[00134] EL. When the bit error rate threshold is used, chtain noise amounts respectively
correspending to the sampled electrical signal and the ideal electrical signal.

[00135] E2. Obtaina medification relationship between a transmitter and dispersion eye closure

penalty and a noise amount based on the noise amounts that respectively correspond to the sampled
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electrical signal and the ideal electrical signal and thatare obtained when the bit error rate threshald
is used.
[00136] E3. Modify the calculated transmitter and dispersion eye closure penalty
TDEC, qicuiatea 1N the following manner:

TDECqctuar = TPECeqtoutateaf (TDECactuat; TDE Conteutatea)

where TDEC, ., represents a modified transmitter and dispersion eye closure
penalty, and f(TDEC civat TPEC aicuiatea) Tepresents the modification relationship between a
transmitter and dispersion eye closure penalty and a noise amount.
[00137] Specifically, to evaluate an impact on noise distribution, the modification relationship
between a transmitter and dispersion eye closure penalty and a noise amount is obtained based on
the noise amounts that respectively correspond to the sampled electrical signal and the ideal
electrical signal and that are obtained when the bit error rate threshold is used. For example, the
modification relationship between a transmitter and dispersion eye closure penalty and a noise
amount may be a TDEC modification lock-up table, and different medification values are assigned
to different transmitter and dispersion eye closure penalties TDEC, ,1ouaiea based on the look-up
table.
[00138] For example, the TDEC test method is used to perform a consistency test on the
transmitter, and a sensitivity (power) penalty can be evaluated by using the TDEC test method.
The sensitivity penalty is a difference between tolerable optical power attenuation of the to-be-
tested sampled electrical signal and tolerable optical power attenuation of the ideal electrical signal
in case of a forward error correction (forward error correction, FEC) bit error rate threshold. In the
TDEC test method, optical power attenuation of a signal is simulated by adding noise to the signal.
For the PIN receiver, a total noise amount does not change with an optical power due to limited
thermal noise. Therefore, adding noise by n times is equivalent to reducing the optical powerby n
times. This manner is applicable to the PIN receiver that is dominant by thermal noise. However,
in the APD receiver, noise addition is not equivalent to optical power attenuation. For the APD
receiver, due to an impact of shot noise, reducing the optical power also reduces the total noise
amount. Therefore, adding noise by n times is not equivalent to reducing the optical power by n
times. Therefore, in this embodiment of this application, a TDEC modification method needs to

be determined based on a relationship between optical power attenuation and noise amount
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addition. First, two physical processes, namely, optical power attenuation and noise amount
addition, are separately described by using a mathematical model.
[00139] When a signal y(t} is attenuated by Bpyr. due to Gaussian noise distribution, the

following mathematical model may be used to represent an optical power attenuation model:

1 JRO) QR dy R Q) dy
2| Jfu(y)dy J+3 THG)dy

] = BERtarget

where opyr IS actual noise in a system, Bpyr i5 @ signal attenuation coefficient,
f,(y) is amplitude distribution at a sampling point at which an amplitude is greater than P,ye.
fi(y) is amplitude distribution at a sampling point at which an amplitude is less than P, and
Pave represents an average optical power.
[00140] When opyr estimatea NOISe is added to the signal y(t), the following mathematical

model may be used to represent a noise addition model:

_ y P . Pin—y
1 f f (y) Q ( MGDUT estimated ) dy + 1 f f](Y) Q ( GDUT_estimated) dy l = BER
2 J fu(y)dy 2 Jiydy o

[00141] Based on the foregoing two formulas, for the to-be-tested sampled electrical signal, the
relationship between optical power attenuation and noise amount addition is as follows:

BouTODUT = ODUT estimated

where apyp is noise existing after the sampled electricalsignal is received, fjyisa
signal attenuation coefficient of the sampled electricalsignal, and © PUT_etimited 5 an estimate of
a tolerable-noise amount of the sampled electricalsignal.
[00142] For the ideal electrical signal, the relationship between optical power attenuation and
hoise amount addition is as follows:

BidealCideal = Tideal_estimated

where jqea1 is Noise existing after the ideal electrical signal is received, Bigea1 152
signal attenuation coefficient of the ideal electrical signal, and G4ea) estimatea 15 @N estimate of a
tolerable-naise amount of the ideal electrical signal.

[00143] Therefore, an actual TDEC value is as follows:

Bldeal Gideal_estimated OpuT CpuT
= TDECcaicuated

BDUT ODUT_estimated Oideal ideal
where opyr and 6404 are respectively noise amounts that respectively correspond

TDECactual
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to the to-be-tested sampled electrical signal and the ideal electrical signal and that exist when the
FEC bit error thresheld is 1e-2. Because optical powers of the ideal electrical signal and the to-
be-tested sampled electrical signal are different when the bit error threshold is le-2, opyr and

Oigea1 are different, and the calculated TDEC value needs to be modified by estimating a value of

IDUT |n this embodiment of this application, the value of 22U s estimated by using a look-up

Tideal Fideal

table. The look-up table is shown by Table 2 below.

Table 2 TDEC modification look-up table

TDECcalculated ::DUT
ideal

1dB 11

2dB 12

[00144] In the table, 22YT s related to TDEC,crua and TDECeaiculateq . Therefore, the

Tideal

modification relationship between a transmitter and dispersion eye closure penalty and a noise
amount may be represented as f(TDEC ,.iual, TDEC catculated ) The transmitter and dispersion eye
closure penalty TDEC 410 teq May be medified by using the formula in step E3.

[00145] It may be learned from the example descripticns in the foregoing embodiment that,
waveform sampling is performed on the optical signal sent by the transmitter, to obtain the sampled
electrical signal; the first ncise amount corresponding to the sampled electrical signal is obtained
based on the preset initial noise ratio parameter and the level amplitude of the sampled electrical
signal, where the level amplitude of the sampled electrical signal is greater than the minimum level
and less than the maximum level, the initial noise ratio parameter is the ratic of the maximum
noise amount to the minimum noise amount, the maximum noise amount is a noise amount
correspending to the electrical signal at the maximum level, the minimum noise ameunt is a noise
amount corresponding to the electrical signal at the minimum level, and the first noise amount is
a hoise amount that is greater than the minimum noise amount and less than the maximum noise
amount; and the second noise amount corresponding to the ideal electrical signal is obtained based

on the initial noise ratio parameter and the level amplitude of the ideal electrical signal, where the
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ideal electrical signal has a same optical modulation amplitude as the sampled electrical signal,
and the level amplitude of the ideal electrical signal is the maximum level or the minimum level,
where the first noise amount and the second noise amount are used to perform a consistency test
on the transmitter. In this embodiment of this application, the first noise amount corresponding to
the sampled electrical signal may be obtained based on the presetinitial noise ratio parameter and
the level amplitude of the sampled electrical signal, and the determined first noise amount is a
noise amount that is greater than the minimum noise amount and less than the maximum noise
amount. Therefore, in this embodiment of this application, noise amounts corresponding to
sampled electrical signals at different level amplitudes are different, that is, the noise amount
corresponding to the level amplitude of the sampled electrical signal may be obtained. Therefore,
this solution is applicable to different types of receivers. A type of a receiver that performs a
consistency test on a transmitter by using a transmitter test parameter is not limited in this
embodiment of this application.

[00146] To better understand and implement the foregoing sclutions in the embodiments of this
application, the following provides detailed descriptions by using an example of a correspoending
application scenario.

[00147] In this embodiment of this application, an example in which the receiver performs a
TDEC test method is used. After the oscilloscope in the receiver collects a sampled electrical signal,
the receiver obtains data such as a level amplitude of the sampled electrical signal, an initial noise
ratio parameter, and an average optical power, and then calculates TDEC. FIG. 6 is a flowchart of
calculating and modifying TDEC according to an embodiment of this application. The following
procedures are mainly included.

[00148] S11. The receiver calculates an equalization parameter.

[00149] The equalization parameter may include a tap length and a tap coefficient of the

equalizer.

[00150] S12. The receiver calculates a noise enhancement factor C.q.

[00151] The receiver may calculate the noise enhancementfactor C.q inthe following manner:

Ceq = || NCO % |[Heq(D|"df

where N(f) is spectrum distribution of Gaussian white noise, and H.(f) is a
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frequency-domain representation of the equalizer.

[00152] S13. The receiver establishes a look-up table.

[00153] Forexample, a look-up table shown by the foregeing Table 1 is established.

[00154] S14. The receiver modifies a value of M.

[00155] The receiver may modify the initial noise ratio parameter M by using a third noise
amount and a fourth noise amount that are obtained by using the foregoing Table 1.

[00156] Forexample, a look-up table related to a level amplitude and noise is established based

noise
wP

noise;

on the equalization parameter, the value of M is modified, and the modified M =

[00157] S15. The receiver calculates a tolerable-noise amount of the sampled electrical signal.
[00158] The tolerable-noise amount opyr of the to-be-tested signal is calculated, and noise is

added to the to-be-tested signal {which is increased by a value of opyT estimateal: 50 that the

following equation is valid, where BER g, i5 a bit error rate threshold tolerated by a system:

. ¥=Pimn
1 f fu (y) Q ( M(Y)'Cer-DUT,estimated ) dy )
2 f fu(Y)dy
. Pih—¥
+ 1( ffl(y) Q ( M(y)'cquDUT_estimﬂted)dy l — BER
. f f‘](y) dy target

[00159] In this case, opyT estimated 1S OpuT-
[00160] S16. The receiver calculates a tolerable-noise amount of an ideal electrical signal.

[00161] Thetolerable-noise amount 4., Of the ideal electrical signal is calculated, and noise

is added to the ideal electrical signal {which is increased by a value of 630a1 ), so that the

estimated

following equation is valid, where BERy, 4. isthebiterror rate threshold tolerated by the system:

1
FhatTe 3
2 M 0-ideal_estimated 2

—P 1 Py, —
y th ) ( th — ¥ =BERtarget

Gideal_estimated
[00162] In this case, Oideal,y;aeq 15 Oideal-

[00163] S17. The receiver calculates the TDEC.

[00164] TDECculateq iS Calculated in the following manner:

CpuT
TDEC a1cuated =

Oideal
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[00165] S18. The receiver modifies the TDEC.
[00166] For example, the medified TDEC, ., is calculated based on the foregoing Table 2.
TDECactual = TDECcaiculatea {{ TDECactyan TDEC aculatea)
[00167] It may be learned from the example descriptions in this embodiment of this application
that, in a scenario of the APD receiver, a solution for calculating and medifying the TDEC is
propesed in this embodiment of this application. The solution may be applied to a scenario in
which the APD receiver is used, for example, an access network or 40 km short-range optical
transmission.
[00168] Specifically, in this embodiment of this application, for the TDEC, a noise tolerance
capability of a signal is evaluated based on a method in which noise is added to a signal. Therefore,
in this embodiment of this application, a corresponding noise amount is determined based on a
level amplitude of an electrical signal at a sampling point, and a noise amount corresponding to
the electrical signal at the sampling point is calculated through interpolation. In the TDEC test
method, in addition to enhancing noise, the equalizer also affects noise distribution of the APD
receiver. In this embodiment of this application, it is proposed to evaluate an impact of the
equalizer on the noise distribution of the APD receiver by using a locok-up table, and a look-up
table shown by the foregoing Table 1 is established by calculating noise in time domain. In the
APD receiver, reducing the optical power is not equivalent to adding noise. In this embodiment of
this application, a relationship between optical power reduction and ncise addition is established.
Based on the relationship, & solution for medifying the TDEC is proposed. The medified TDEC
can be used to simulate optical power attenuation of a signal due to ncise when an equalizer is
used in the receiver, to reflect actual performance of the transmitter.
[00169] It should be noted that, for brief description, the foregoing method embodiments are
represented as a combination of a series of actions. However, a person skilled in the art should
appreciate that this application is not limited to the described order of the actions, because
according to this application, some steps may be performed in other orders or simultanecusly. It
should be further appreciated by a person skilled in the art that the embodiments described in this
specification all belong to embodiments, and the involved actions and modules are not necessarily
required in this application.

[00170] To better implement the foregoing solutions in the embodiments of this application, the
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following further provides related apparatuses configured to implement the foregoing solutions.
[00171] Refer to FIG. 7. An apparatus 700 for obtaining a transmitter test parameter provided
in an embodiment of this application may include a processing module 701.

[00172] The processing module is configured to perform waveform sampling on an optical
signal sent by a transmitter, tc obtain a sampled electrical signal.

[00173] The processing module is configured to obtain a first noise amount corresponding to
the sampled electrical signal based on a preset initial noise ratic parameter and a level amplitude
of the sampled electrical signal, where the level amplitude of the sampled electrical signal is
greater than a minimum level and less than a maximum level, the initial noise ratio parameter is a
ratio of a maximum noise amount to a minimum noise amount, the maximum noise amount is a
noise amount corresponding to an electrical signal at the maximum level, the minimum noise
amount is a noise amount corresponding to an electrical signal at the minimum level, and the first
noise amount is a noise amount that is greater than the minimum noise amount and less than the
maximum noise amount.

[00174] The processing module is configured to obtain a second noise amount corresponding
to an ideal electrical signal based on the initial noise ratio parameter and a level amplitude of the
ideal electrical signal, where the ideal electrical signal has a same optical modulation amplitude as
the sampled electrical signal, and the level amplitude of the ideal electrical signal is the maximum
level or the minimum level.

[00175] The first noise amount and the second noise amount are used to perform a consistency
test on the transmitter.

[00176] In some embodiments of this application, the processing module is further configured
to: determine that the level amplitude of the sampled electrical signal is between the maximum
level and the minimum level; and use the maximum noise amount and the minimum noise amount
as an interpolation condition, and perform interpolation calculation on the level amplitude of the
sampled electrical signal based on the initial noise ratio parameter, to obtain the first noise amount.
[00177] In some embodiments of this application, the processing module is further configured
to: obtain a tolerable-noise amount o of the sampled electrical signal at a preset sampling paint;
determine maximum noise o,,,, corresponding to the electrical signal at the maximum level in

the following manner: ¢ .. = Mo, where M represents the initial noise ratio parameter;
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determine the minimum noise amount corresponding to the electrical signal at the minimum level
is og: perform quantization between the maximum level and the minimum level to obtain N level
values, where the N level values are all between the maximum level and the minimum level, and
N is a positive integer; calculate N noise amounts respectively corresponding to the N level values
according to a preset interpolation algorithm; determine that the level amplitude of the sampled
electrical signal is a first level value in the N level values; and obtain a first noise amount
corresponding to the first level value based on a correspondence between the N level values and
the N noise amounts.

[00178] In some embodiments of this application, the processing module is further configured
to: obtain & correspondence between a level amplitude and a noise amount based on the preset
initial noise ratio parameter, the maximum ncise amount, and the minimum noise amount, where
the correspondence between a level amplitude and a noise amount includes a noise amount
corresponding to each level amplitude that is greater than the minimum level and less than the
maximum level; and search the correspondence hetween a level amplitude and a noise amount by
using the level amplitude of the sampled electrical signal, to obtain the first noise amount.
[00179] In some embodiments of this application, the processing module is further configured
to: after performing waveform sampling on the optical signal to obtain the sampled electrical signal,
perform time-domain equalization processing on the sampled electrical signal by using an
equalizer, to obtain an equalized electrical signal.

[00180] In some embodiments of this application, the processing module is further configured
to: obtain an equalization parameter corresponding to the equalizer, where the equalization
parameter includes a tap length of the equalizer and a tap coefficient of the equalizer; and obtain a
first noise amount corresponding to the equalized electrical signal based on the level amplitude of
the sampled electrical signal, the equalization parameter, and the initial noise ratio parameter.
[00181] In some embodiments of this application, the processing module is further configured
to: obtain a correspondence between level amplitudes and noise amounts at consecutive sampling
points based on the level amplitude of the sampled electrical signal, the equalization parameter,
and the initial noise ratio parameter; determine a third noise amount corresponding to the electrical
signal at the maximum level and a fourth noise amount corresponding to the electrical signal at

the minimum level based on the correspondence between level amplitudes and noise amounts at
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consecutive sampling points; modify the initial noise ratio parameter based on the third noise
amount and the fourth noise amount, to obtain a modified noise ratic parameter; obtain a noise
enhancement factor based on the equalization parameter, where the noise enhancement factor is
used to represent a noise enhancement degree of the equalizer; and obtain the first noise amount
correspending to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the modified noise ratio parameter, the noise enhancement factor, and an average
optical power, where the average optical power is an average value of optical powers of the
sampled electrical signal at different level amplitudes.

[00182] In some embodiments of this application, the processing module is further configured
to calculate the first noise amount opyr estimatea COrresponding to the equalized electrical signal

in the following manner:

. y—Pin
1 f fu (y) Q ( M(y)'cer’DUT,estimated ) dy )
2 J fu(y)dy
] Pin—¥
+ 1( Ifl(y) Q ( M(y)'cquDUT,estimated)dy l — BER
: J‘ f](y) dy target

where y represents a signal power collected at a sampling point at which the sampled
electrical signal is located, P represents the average optical power, f,(y) is amplitude
distribution at a sampling point at which an optical power is greater than Py, fi(y) is amplitude
distribution at a sampling point at which an optical power is less than Py, M{y) represents the
modified noise ratio parameter, C, is the noise enhancement factor, BER et is a bit error rate
threshold, and Q represents a tail function with standard normal distribution.
[00183] In some embodiments of this application, the processing module is further configured
to: determine P consecutive sampling points corresponding to P taps in the equalizer, where a value
of P is a positive integer; and calculate, in the following manner, a noise amount noise,,(n) that

is at an nt" sampling point and that exists after equalization:

P-1 L-1
2 2
. ’ . 2 ’ 2
noisegq(n) = > ‘ |noise(n —m) - ko, (m)|” + > . |average - heq(m)]
m=_2"1 =1t
2 2
\ me[-5 5

where L represents the tap length of the equalizer, heq represents the tap coefficient of
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the equalizer, noise(n —m) represents a noise amount that is at an {n-m)® sampling point and
that exists before time-domain equalization processing is performed, and O,yerage IS @n average

noise amount at different level amplitudes.

[00184] The processing module is further configured to: quantize the level amplitude of the
sampled electrical signal to obtain W levels, where W is & positive integer; and obtain the
correspondence between level amplitudes and noise amounts at consecutive sampling points based
on the calculation manner of noise,,(n), where the correspondence between level amplitudes
and noise amounts at consecutive sampling points includes W* noise amounts corresponding to
level amplitudes at the P consecutive sampling points.

[00185] In some embodiments of this application, the processing module is further configured

to calculate the second noise amount a;4.,; corresponding to the ideal electrical signal in

estimated

the following manner:

1 y =Py 1 Py, —y
2 ( M- Oideal_estimated ) 2 ( Oideal_estimated ) target

where y represents a signal power collected at a sampling point at which the ideal
electrical signal is lccated, Pw represents an average optical power, the average optical power is an
average value of optical powers of the ideal electrical signal at different level amplitudes, M
represents the initial noise ratio parameter, BERrget is @ bit error rate thresheld, and Q represents
a tail function with standard normal distribution.
[00186] In some embodiments of this application, the processing module is further configured
to calculate a transmitter and dispersion eye closure penalty by using the first noise amount and
the second noise amount.
[00187] In some embodiments of this application, the processing module is further configured

to calculate the transmitter and dispersion eye closure penalty TDEC ., 1cuateqa i the following

manner:
Opur
TDECcalcuated =
Oideal
where apyr represents the first noise amount, and o,4.,; represents the second noise
amount.

[00188] In some embodiments of this application, the processing module is further configured
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to: when the bit error rate thresheld is used, obtain noise amounts respectively corresponding to
the sampled electrical signal and the ideal electrical signal; obtain a modification relationship
between a transmitter and dispersicn eye closure penalty and a noise amount based on the noise
amounts that respectively correspond to the sampled electrical signal and the ideal electrical signal
and that are obtained when the bit error rate threshold is used; and modify the calculated transmitter
and dispersion eye closure penalty TDEC, . icutaiea 1D the following manner:

TDECqctuar = TPECeqtoutateaf (TDECactuat; TDE Conteutatea)

where TDEC, ., represents a modified transmitter and dispersion eye closure
penalty, and f(TDEC.ciuat TPEC aicuiatea) Tepresents the modification relationship between a
transmitter and dispersion eye closure penalty and a noise amount.
[00189] It may be learned from the example descriptions in the foregoing embodiment that,
waveform sampling is performed on the optical signal sent by the transmitter, to obtain the sampled
electrical signal; the first noise amount corresponding to the sampled electrical signal is obtained
based on the preset initial noise ratio parameter and the level amplitude of the sampled electrical
signal, where the level amplitude of the sampled electrical signal is greater than the minimum level
and less than the maximum level, the initial noise ratio parameter is the ratio of the maximum
hoise amount to the minimum noise amount, the maximum noise amount is a noise amount
corresponding to the electrical signal at the maximum level, the minimum noise amount is a noise
amount corresponding to the electrical signal at the minimum level, and the first noise amount is
a hoise amount that is greater than the minimum noise amount and less than the maximum noise
amount; and the second noise amount corresponding to the ideal electrical signal is obtained based
on the initial noise ratio parameter and the level amplitude of the ideal electrical signal, where the
ideal electrical signal has a same optical modulation amplitude as the sampled electrical signal,
and the level amplitude of the ideal electrical signal is the maximum level or the minimum level,
where the first noise amount and the second noise amount are used to perform a consistency test
on the transmitter. In this embodiment of this application, the first ncise amount corresponding to
the sampled electrical signal may be obtained based on the presetinitial noise ratio parameter and
the level amplitude of the sampled electrical signal, and the determined first noise amount is a
noise amount that is greater than the minimum noise amount and less than the maximum noise

amount. Therefore, in this embodiment of this application, noise amounts corresponding to
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sampled electrical signals at different level amplitudes are different, that is, a noise amount
correspending to the level amplitude of the sampled electrical signal may be chtained. Therefore,
this solution is applicable to different types of apparatuses for obtaining a transmitter test parameter.
A type of an apparatus for obtaining a transmitter test parameter that performs a consistency test
on a transmitter by using a transmitter test parameter is not limited in this embodiment of this
application,

[00190] Itshould be noted that content such as information exchange between the modulesfunits
of the apparatus and the execution processes thereof is based on the same idea as the method
embodiments of this application, and therefore brings the same technical effects as the method
embodiments of this application. For the specific content, refer to the foregoing descriptions in the
method embodiments of this application. Details are not described herein again.

[00191] An embodiment of this application further provides a computer storage medium. The
computer storage medium stores a program, and execution of the program includes some or all of
the steps described in the foregoing method embodiments.

[00192] The following describes ancther apparatus for obtaining a transmitter test parameter
provided in an embodiment of this application. Refer to FIG. 8. An apparatus 800 for obtaining a
transmitter test parameter includes:

a receiver 801, a processor 802, and a memory 803 (there may be one or more
processors 802 in the apparatus 800 for obtaining a transmitter test parameter, and one processor
is used as an example in FIG. 8). In some embodiments of this application, the receiver 801, the
processor 802, and the memory 803 may be connected by using a bus or in another manner. In FIG.
8, an example in which the receiver 801, the processor 802, and the memory 803 are connected by
using a bus is used.

[00193] The memory 803 may include a read-only memeory and a random access memory, and
provide instructions and data for the processor 802. A part of the memory 803 may further include
a non-volatile random access memory {non-volatile random access memory, NVRAM). The
memory 803 stores an operating system and operation instructions, an executable module or a data
structure, a subset thereof, or an extended set thereof. The operation instructions may be various
operation instructions to implement various operations. The operating system may include various

system programs for implementing various basic services and processing hardware-based tasks.
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[00194] The processor 802 controls an operation of the apparatus for obtaining a transmitter
test parameter, and the processor 802 may also be referred to as a central processing unit {central
processing unit, CPU). In specific application, compeonents of the apparatus for obtaining a
transmitter test parameter are coupled together by using a bus system. In addition to a data bus,
the bus system includes a power bus, a control bus, and a status signal bus. However, for clear
description, varicus buses in the figure are referred to as the bus system.

[00195] The method disclosed in the embodiments of this application may be applied to the
processor 802, or may be implemented by the processor 802. The processor 802 may be an
integrated circuit chip and has a signal processing capability. In an implementation process, the
steps in the foregoing methods may be implemented by using a hardware integrated logic circuit
in the processor 802, or by using instructions in a form of software. The processor 802 may be a
general-purpose processor, a digital signal processor (digital signal processor, DSP), an
application-specific integrated circuit (application-specific integrated circuit, ASIC), a field-
programmable gate array (field-programmable gate array, FPGA) or another programmabhle logic
device, a discrete gate or a transistor logic device, or a discrete hardware component. The processor
may implement or perform the methods, the steps, and logical bleck diagrams that are disclosed
in the embodiments of this application. The general-purpose processor may be a microprocesscr,
or the processor may be any conventional processor or the like. The steps of the methods disclosed
with reference to the embodiments of this application may be directly performed and completed
by a hardware decoding processor, or may be performed and completed by using a combination of
hardware and software modules in the decoding processor. The software module may be located
in a mature storage medium in the art, such as a random access memory, a flash memory, a read-
only memory, a programmable read-only memory, an electrically erasable programmable memory,
or a register. The storage medium is located in the memory 803, and the processor 802 reads
information in the memory 803 and completes the steps in the foregoing methods in combination
with hardware of the processor.

[00196] The receiver 801 may be configured to receive an optical signal sent by a transmitter,
and generate signal input related to a related setting and function control of the apparatus for
obtaining a transmitter test parameter.

[00197] In this embodiment of this application, the processor 802 is configured to perform the
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foregoing method for obtaining a transmitter test parameter.

[00198] In another possible design, when the apparatus for obtaining a transmitter test
parameter may be a chip, the chip includes a processing unit and a communication unit. The
processing unit may be, for example, a processor. The communication unit may be, for example,
an input/output interface, a pin, or a circuit. The processing unit may execute computer-executable
instructions stored in a storage unit, to enable the chip in the apparatus to perform the wireless
communication method according to any implementation of the foregoing first aspect. Optionally,
the storage unit is & storage unit in the chip, for example, a register or a buffer; or the storage unit
may be alternatively a storage unit outside the chip and in the terminal, for example, a read-only
memory (read-only memory, ROM), another type of static storage device that can store static
information and instructions, or a random access memory (random access memory, RAM).
[00199] The processor menticned anywhere may be a general-purpose central processing unit,
a microprocessor, an ASIC, or one or more integrated circuits for controlling program execution
of the foregoing method for obtaining a transmitter test parameter.

[00200] In addition, it should be noted that the described apparatus embodiments are merely
examples. The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, that is, may be lccated in one place, or may
be distributed on a plurality of network units. Some or all the modules may be selected according
to an actual need to achieve the objectives of the solutions of the embodiments. In addition, in the
accompanying drawings of the apparatus embodiments provided by this application, connection
relationships between modules indicate that the modules have communication connections with
each other, which may be specifically implemented as one or more communication buses or signal
cables.

[00201] Based on the descriptions of the foregoing implementaticns, a persen skilled in the art
may clearly understand that this application may be implemented by using software in combination
with necessary universal hardware, or certainly, may be implemented by using dedicated hardware,
including a dedicated integrated circuit, a dedicated CPU, a dedicated memory, a dedicated
component, or the like. Generally, any function that can be completed by using a computer
program can be very easily implemented by using corresponding hardware. Moreover, a specific

hardware structure used to implement a same function may be in various forms, for example, in a
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form of an analog circuit, a digital circuit, a dedicated circuit, or the like. However, as for this
application, software program implementation is a better implementation in most cases. Based on
such an understanding, the technical solutions of this application essentially or the part
contributing to the prior art may be implemented in a form of a software product, The software
product is stored in a readable storage medium, such as a floppy disk, @ USB flash drive, a
removable hard disk, a ROM, a RAM, a magnetic disk, or an optical disc of a computer, and
includes several instructions for indicating a computer device (which may be a personal computer,
a server, a network device, or the like) to perform the methods in the embodiments of this
application,

[00202] All or scme of the foregoing embodiments may be implemented by using software,
hardware, firmware, or any combination thereof. When software is used for implementation, all or
some of the embodiments may be implemented in a form of a computer program product.
[00203] The computer program product includes one or more computer instructions. When the
computer program instructions are loaded and executed on a computer, all cr some of the
procedures or functions according to the embodiments of this application are generated. The
computer may he a general-purpose computer, a dedicated computer, a computer network, or
another programmable apparatus. The computer instructions may be stored in a computer-readable
storage medium or may be transmitted from a computer-readable storage medium to another
computer-readable storage medium. For example, the computer instructions may be transmitted
from a website, computer, server, or data center to another website, computer, server, or data center
in a wired {for example, a coaxial cable, an optical fiber, or a digital subscriber line (DSL}) or
wireless (for example, infrared, radic, or microwave} manner. The computer-readable storage
medium may be any usable medium accessible by a computer, or a data storage device, for example,
a server or a data center, integrating one or more usable media. The usable medium may be a
magnetic medium {for example, a floppy disk, a hard disk, or a magnetic tape), an optical medium
(for example, a DVD), a semiconductor medium (for example, a solid-state drive (Solid State

Drive, S5D)), or the like.
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CLAIMS

What is claimed is:

1. A method for obtaining a transmitter test parameter, comprising:

performing waveform sampling on an optical signal sent by a transmitter, to obtain a sampled
electrical signal;

obtaining a first noise amount corresponding to the sampled electrical signal based on a preset
initial noise ratio parameter and a level amplitude of the sampled electrical signal, wherein the
level amplitude of the sampled electrical signal is greater than a minimum level and less than a
maximum level, the initial noise ratio parameter is a ratio of a maximum noise amount to a
minimum noise amount, the maximum noise amcunt is a noise amount corresponding to an
electrical signal at the maximum level, the minimum noise amount is a ncise amount
corresponding to an electrical signal at the minimum level, and the first noise amount is a noise
amount that is greater than the minimum noise amount and less than the maximum noise amount;
and

obtaining a second noise amount corresponding to an ideal electrical signal based on the
initial noise ratio parameter and a level amplitude of the ideal electrical signal, wherein the ideal
electrical signal has a same optical modulation amplitude as the sampled electrical signal, and the
level amplitude of the ideal electrical signal is the maximum level or the minimum level, wherein

the first noise amount and the second noise amount are used to perform a consistency test on
the transmitter.

2. The method according to claim 1, wherein the obtaining a first noise amount corresponding
to the sampled electrical signal based on a preset initial noise ratio parameter and & level amplitude
of the sampled electrical signal comprises:

determining that the level amplitude of the sampled electrical signal is between the maximum
level and the minimum level; and

using the maximum noise amount and the minimum noise amount as an interpolation
condition, and performing interpolation calculation on the level amplitude of the sampled electrical

signal based on the initial noise ratio parameter, to obtain the first noise amount.
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3. The method according to claim 2, wherein the using the maximum noise amount and the
minimum noise amount as an interpolation condition, and perferming interpolation calculation on
the level amplitude of the sampled electrical signal based an the initial noise ratio parameter, to
obtain the first ncise amount comprises:

obtaining a tolerable-noise amount o corresponding to the sampled electrical signal at a
preset sampling point;

determining maximum noise amount o, corresponding to the electrical signal at the
maximum level in the following manner:

0w = Mo, wherein M represents the initial noise ratio parameter;

determining the minimum noise amount corresponding to the electrical signal at the minimum
level is o;

performing quantization between the maximum level and the minimum level to obtain N level
values, wherein the N level values are all between the maximum level and the minimum level, and
N is a positive integer;

calculating N noise amounts respectively corresponding to the N level values according to a
preset interpolation algorithm;

determining that the level amplitude of the sampled electrical signal is a first level value in
the N level values; and

obtaining a first noise amount corresponding to the first level value based on a
correspondence between the N level values and the N noise amounts.

4. The method according to claim 1, wherein the obtaining a first noise amount corresponding
to the sampled electrical signal based on a preset initial noise ratio parameter and a level amplitude
of the sampled electrical signal comprises:

obtaining a correspondence between a level amplitude and a noise amount based on the preset
initial noise ratio parameter, the maximum noise amount, and the minimum noise amount, wherein
the correspondence between a level amplitude and a noise amount comprises a noise amount
corresponding to each level amplitude that is greater than the minimum level and less than the
maximum level; and

searching the correspondence between a level amplitude and a noise amount by using the

level amplitude of the sampled electrical signal, to obtain the first noise amount.
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5. The method according to any one of claims 1 to 4, wherein after the performing waveform
sampling on an optical signal sent by a transmitter, to obtain a sampled electrical signal, the method
further comprises:

performing time-domain equalization processing on the sampled electrical signal by using an
equalizer, to obtain an equalized electrical signal.

6. The method according to claim 5, wherein the obtaining a first noise amount correspending
to the sampled electrical signal based on a preset initial noise ratio parameter and & level amplitude
of the sampled electrical signal comprises:

obtaining an equalization parameter corresponding to the equalizer, wherein the equalization
parameter comprises a tap length of the equalizer and a tap coefficient of the equalizer; and

obtaining a first noise amount corresponding to the equalized electrical signal based on the
level amplitude of the sampled electrical signal, the equalization parameter, and the initial noise
ratio parameter.

7. The method according to claim 6, wherein the obtaining a first noise amount correspending
to the equalized electrical signal based on the level amplitude of the sampled electrical signal, the
equalization parameter, and the initial noise ratic parameter comprises:

obtaining a correspondence between level amplitudes and noise amounts at consecutive
sampling points based on the level amplitude of the sampled electrical signal, the equalization
parameter, and the initial noise ratio parameter;

determining a third noise amount corresponding to the electrical signal at the maximum level
and a fourth noise amount corresponding to the electrical signal at the minimum level based on
the correspondence between level amplitudes and noise amounts at consecutive sampling points;

modifying the initial noise ratio parameter based on the third noise amount and the fourth
noise amount, to obtain a modified noise ratio parameter;

obtaining a noise enhancement factor based on the equalization parameter, wherein the noise
enhancement factor is used to represent a noise enhancement degree of the equalizer; and

obtaining the first noise amount corresponding to the equalized electrical signal based on the
level amplitude of the sampled electrical signal, the modified noise ratio parameter, the noise
enhancement factor, and an average optical power, wherein the average optical power is an average

value of optical powers of the sampled electrical signal at different level amplitudes.
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8. The methed according to claim 7, wherein the obtaining the first noise amount
correspending to the equalized electrical signal based on the level amplitude of the sampled
electrical signal, the modified noise ratio parameter, the noise enhancement factor, and an average
optical power comprises:

calculating the first noise amount opyT estimatea COrresponding to the equalized electrical

signal in the following manner:

ERCR £ o Jdy ; TRO-Q( “th Y ) dy

M(Y)'CeqUDUT_estimated + M(Y)'Cer'DUT_estimated )
2 Jfu(y)dy 2 JEGdy
= BE Rtarget

wherein y represents a signal power collected at a sampling point at which the sampled
electrical signal is located, Pu represents the average optical power, f,(y) is amplitude
distribution at a sampling point at which an optical power is greater than P, fi(y) is amplitude
distribution at a sampling point at which an optical power is less than P, M({y) represents the
modified noise ratio parameter, Ceq is the noise enhancement factor, BERrwe is @ bit error rate
threshold, and Q represents a tail function with standard normal distribution.

9. The method according to claim 7, wherein the obtaining a correspondence between level
amplitudes and noise amounts at consecutive sampling points based on the equalization parameter
comprises:

determining P consecutive sampling points corresponding to P taps in the equalizer, wherein
a value of Pis a positive integer;

calculating, in the following manner, a noise amount noise,,(n) that is at an n" sampling

point and that exists after equalization:

=) L1
2 2
. : . 2 : 2
noiseqq(n) = > . |nozse(n —m) - heq (m)| + > . |cra,,,e,,aglg “Reg (m)|
P-1 L-1
m=——— ==
: P—12P—1
\ me[——= 7]

wherein L represents the tap length of the equalizer, heg represents the tap coefficient of the

equalizer, noise(n — m) represents a noise amount that is at an (n-m)t" sampling point and that
exists before time-domain equalization processing is performed, and o,yerage 15 an average noise

amount at different level amplitudes;
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guantizing the level amplitude of the sampled electrical signal to obtain W levels, wherein W
is a positive integer; and

obtaining the correspondence between level amplitudes and noise amounts at consecutive
sampling points based on the calculation manner of noise,,(n), wherein the correspondence
between level amplitudes and noise amounts at consecutive sampling points comprises W’ noise
amounts corresponding to level amplitudes at the P consecutive sampling points.

10. The method according to any one of claims 1 to 7, wherein the cbtaining a second noise
amount corresponding to an ideal electrical signal based on the initial ncise ratio parameter and a

level amplitude of the ideal electrical signal comprises:

calculating the second noise amount ;4.4 corresponding to the ideal electrical

estimated

signal in the following manner:

1 Yy — Py )_I_%Q( Py —

y
7¢ — BER
2 ( M - Oideal_estimated ) target

Oideal_estimated

wherein y represents a signal power collected at a sampling point at which the ideal electrical
signal is located, Pwy represents an average optical power, the average optical power is an average
value of optical powers of the ideal electrical signal at different level amplitudes, M represents the
initial noise ratio parameter, BERrget is a bit error rate threshold, and Q represents a tail function
with standard normal distribution.

11. The method according to any one of claims 1 to 10, wherein the method further comprises:

calculating a transmitter and dispersion eye closure by using the first noise amount and the
second noise amount.

12. The method according to claim 11, wherein the calculating a transmitter and dispersion
eye closure penalty by using the first noise amount and the second noise amount comprises:

calculating the transmitter and dispersion eye closure penalty TDEC.qicuiarea iN the

following manner:

Opyr
TDEC qicuatea =

Jideal

wherein opyr represents the first noise amount, and ;4. represents the second noise
amount.
13. The method according to claim 11 or 12, wherein the method further comprises:

when the bit error rate threshold is used, obtaining noise amounts respectively corresponding
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to the sampled electrical signal and the ideal electrical signal;

obtaining @ modification relationship between a transmitter and dispersion eye closure
penalty and a noise amount based on the noise amounts that respectively correspond to the sampled
electrical signal and the ideal electrical signal and thatare obtained when the bit error rate threshald
is used; and

modifying the calculated transmitter and dispersion eye closure penalty TDEC, . icuiatea N
the following manner:

TDECyetuar = TPECoqaateaf (TPE Cactuar, TDEComeutatea)

wherein TDEC ;a1 represents a modified transmitter and dispersion eye closure penalty,
and  f(TDEC,ctuat» TPEC qicutatea) Fepresents the modification relationship between a
transmitter and dispersion eye closure penalty and a noise amount.

14, An apparatus for obtaining a transmitter test parameter, comprising:

a processing module, configured to perform waveform sampling on an optical signal sent by
a transmitter, to obtain a sampled electrical signal, wherein

the processing module is configured to obtain a first ncise amount corresponding to the
sampled electrical signal based on a preset initial noise ratio parameter and a level amplitude of
the sampled electrical signal, wherein the level amplitude of the sampled electrical signal is greater
than a minimum level and less than a maximum level, the initial noise ratio parameter is a ratio of
a maximum noise amount to a minimum noise amount, the maximum ncise amount is a noise
amount corresponding to an electrical signal at the maximum level, the minimum noise amount is
a hoise amount corresponding to an electrical signal at the minimum level, and the first noise
amount is a noise amount that is greater than the minimum noise amount and less than the
maximum hoise amount; and

the processing module is configured to obtain a second noise amount corresponding to an
ideal electrical signal based on the initial noise ratio parameter and a level amplitude of the ideal
electrical signal, wherein the ideal electrical signal has a same optical modulation amplitude as the
sampled electrical signal, and the level amplitude of the ideal electrical signal is the maximum
level or the minimum level, wherein

the first noise amount and the second noise amount are used to perform a consistency test on

the transmitter.
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15. The apparatus for obtaining a transmitter test parameter according to claim 14, wherein
the processing madule is further configured to: determine that the level amplitude of the sampled
electrical signal is between the maximum level and the minimum level; and use the maximum
noise amount and the minimum ncise amount as an interpolation condition, and perform
interpolation calculation on the level amplitude of the sampled electrical signal based on the initial
noise ratio parameter, to obtain the first noise amount,

16. The apparatus for obtaining a transmitter test parameter according to claim 15, wherein
the processing module is further configured to: obtain a tolerable-noise amount o, of the sampled
electrical signal at a preset sampling point; determine maximum noise omax corresponding to the
electrical signal at the maximum level in the following manner. .. = Mo, wherein M
represents the initial noise ratio parameter; determine the minimum noise amount corresponding
te the electrical signal at the minimum level is o ; perform quantization between the maximum
level and the minimum level to obtain N level values, wherein the N level values are all between
the maximum level and the minimum level, and N is a positive integer; calculate N noise amounts
respectively corresponding to the N level values according to a preset interpolation algorithm;
determine that the level amplitude of the sampled electrical signal is a first level value in the N
level values; and obtain a first noise amount corresponding to the first level value based on a
correspondence between the N level values and the N noise amounts.

17. The apparatus for obtaining a transmitter test parameter according to claim 14, wherein
the processing module is further configured to: obtain a correspondence between a level amplitude
and a noise amount based on the preset initial noise ratio parameter, the maximum noise amount,
and the minimum noise amount, wherein the correspondence between a level amplitude and a
noise amount comprises a noise amount corresponding to each level amplitude that is greater than
the minimum level and less than the maximum level; and search the correspondence between a
level amplitude and a noise amount by using the level amplitude of the sampled electrical signal,
to obtain the first noise amount.

18. The apparatus for obtaining a transmitter test parameter according to any one of claims
14 to 17, wherein the processing module is further configured to: after performing waveform
sampling on the optical signal to obtain the sampled electrical signal, perform time-domain

equalization processing on the sampled electrical signal by using an equalizer, to obtain an
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equalized electrical signal.

19, The apparatus for obtaining a transmitter test parameter according to claim 18, wherein
the processing module is further configured to: obtain an equalization parameter corresponding to
the equalizer, wherein the equalization parameter comprises a tap length of the equalizer and a tap
coefficient of the equalizer; and obtain a first noise amount correspending to the equalized
electrical signal based on the level amplitude of the sampled electrical signal, the equalization
parameter, and the initial noise ratio parameter.

20. The apparatus for obtaining a transmitter test parameter according to claim 19, wherein
the processing module is further configured to: obtain a correspondence between level amplitudes
and noise amounts at consecutive sampling points based on the level amplitude of the sampled
electrical signal, the equalization parameter, and the initial noise ratio parameter; determine a third
noise amount corresponding to the electrical signal at the maximum level and a fourth noise
amount corresponding to the electrical signal at the minimum level based on the correspondence
between level amplitudes and ncise amounts at consecutive sampling points; modify the initial
noise ratic parameter based on the third noise amount and the fourth noise amount, to obtain a
modified ncise ratic parameter; obtain a noise enhancement factor based on the equalization
parameter, wherein the noise enhancement factor is used to represent a noise enhancement degree
of the equalizer; and cobtain the first noise amount corresponding to the equalized electrical signal
based on the level amplitude of the sampled electrical signal, the modified noise ratio parameter,
the noise enhancement factor, and an average optical power, wherein the average optical power is
an average value of optical powers of the sampled electrical signal at different level amplitudes.

21. An apparatus for obtaining a transmitter test parameter, wherein the apparatus for
obtaining a transmitter test parameter comprises a processor and a memory, and the processor and
the memory communicate with each other;

the memory is configured to store instructions; and

the processor is configured to execute the instructions in the memory, to perform the method
according to any one of claims 1 to 13.

22. A computer-readable storage medium, comprising instructions, wherein when the
instructions are run on a computer, the computer is enabled to perform the method according to

any one of claims 1 to 13.
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23, A computer program product comprising instructions, wherein when the computer
program product runs on a computer, the computer is enabled to perform the method according to

any one of claims 1 to 13,
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