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a parameter of an impairment of the receiver end is determined by a first
monitoring unit according to a preset period or a preset condition, and the
parameter of the impairment of the receiver end is transmitted to a first
compensator to compensate for the impairment of the receiver end in a
received signal, and/or the parameter of the impairment of the receiver end is
transmitted to a management device, so that a cause of the impairment is
analyzed and/or the receiver is calibrated by the management device
according to the parameter of the impairment of the receiver end

o

a parameter of an impairment of the transmitter end is determined by a
second monitoring unit according to a preset period or a preset condition, and
the parameter of the impairment of the transmitter end is transmitted to a
second compensator to compensate for the impairment of the transmitter end
in the received signal, and/or the parameter of the impairment of the
transmitter end is transmitted to the management device, so that a cause of
the impairment is analyzed and/or the transmitter is calibrated by the
management device according to the parameter of the impairment of the
transmitter end
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IMPAIRMENT MONITORING APPARATUS,
IMPAIRMENT MONITORING AND
COMPENSATING SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Chinese
Patent Application No. 201810311647.4, filed on Apr. 9,
2018, in the State Intellectual Property Office of China, the
disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates to the field of communica-
tion technologies, and in particular to a impairment moni-
toring apparatus, an impairment monitoring and compensat-
ing system and method.

BACKGROUND

[0003] Currently, a high-order modulation format using a
higher baud rate is a preferred solution to further increase an
interface rate of a single fiber. However, the high-order
modulation format using the high baud rate is very sensitive
to IQ (in-phase and quadrature) imbalances and inter-path
crosstalk of an optical transmitter and receiver. The 1Q
imbalances mainly include the following effects: an ampli-
tude imbalance between an I-path and a Q-path, a phase
imbalance between the [-path and the Q-path, an amplitude-
frequency response and phase-frequency response imbal-
ance between the I-path and the Q-path, and a delay skew
between the I-path and the Q-path. In addition, since the
optical transmitter and receiver have a plurality of paths of
input and output, crosstalk between the plurality of paths due
to circuit wiring and the like also causes a certain perfor-
mance penalty. It can be seen that in an optical communi-
cations system, impairments of the transmitter end and
receiver end mainly include: an 1Q amplitude imbalance, an
1Q phase imbalance, an 1Q amplitude-frequency response
and phase-frequency response imbalance and 1Q delay skew
and crosstalk between a plurality of paths.

[0004] In order to detect and compensate for these impair-
ments, a number of different methods have been proposed.
Common to these methods are that filter coefficients used for
compensating for the impairments are iterated and updated
by a filter in a real-time manner, and the impairments are
compensated for in a real-time manner.

[0005] It should be noted that the above description of the
background is merely provided for clear and complete
explanation of this disclosure and for easy understanding by
those skilled in the art. And it should not be understood that
the above technical solution is known to those skilled in the
art as it is described in the background of this disclosure.

SUMMARY

[0006] It was found by the inventors that due to that filter
coeflicients used for compensating for the impairments are
iterated and updated by a filter in a real-time manner in
existing methods, complexity in calculation is relatively
high and power consumption of the system is large.
[0007] It was further found by the inventors that param-
eters of the impairments in the optical communications
system are not changed rapidly, or, in other words, the
parameters of the impairments are changed slowly.
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[0008] Embodiments of this disclosure provide an impair-
ment monitoring apparatus, impairment monitoring and
compensating system and method. A parameter of a impair-
ment of a receiver end and/or a parameter of an impairment
of a transmitter end is/are determined according to a preset
period or a preset condition to perform compensation or
calibration, complexity of calculation and power consump-
tion of the system may be efficiently lowered. And as the
parameter of the impairment of the receiver end and the
parameter of the impairment of the transmitter end are not
changed rapidly, determining these parameters according to
the preset period or the preset condition to perform com-
pensation or calibration will not affect an effect of the
compensation or calibration, thereby ensuring a perfor-
mance of the system.

[0009] According to a first aspect of the embodiments of
this disclosure, there is provided an impairment monitoring
apparatus, provided in a receiver end, the apparatus com-
prising: a first monitoring unit configured to determine a
parameter of an impairment of the receiver end according to
a preset period or a preset condition, and transmit the
parameter of the impairment of the receiver end to a first
compensator to compensate for the impairment of the
receiver end in a received signal, and/or transmit the param-
eter of the impairment of the receiver end to a management
device, so that the management device analyzes a cause of
the impairment and/or calibrates the receiver according to
the parameter of the impairment of the receiver end; and/or
a second monitoring unit configured to determine a param-
eter of an impairment of a transmitter end according to a
preset period or a preset condition, and transmit the param-
eter of the impairment of the transmitter end to a second
compensator to compensate for the impairment of the trans-
mitter end in the received signal, and/or transmit the param-
eter of the impairment of the transmitter end to the man-
agement device, so that the management device analyzes a
cause of the impairment and/or calibrates the transmitter
according to the parameter of the impairment of the trans-
mitter end.

[0010] According to a second aspect of the embodiments
of this disclosure, there is provided an impairment monitor-
ing and compensating system, comprising: the impairment
monitoring apparatus as described in the first aspect; and a
first compensator configured to compensate for an impair-
ment of a receiver end in a received signal, and/or a second
compensator configured to compensate for an impairment of
a transmitter end in a received signal; and/or a management
device configured to analyze a cause of an impairment
and/or calibrate the receiver and/or the transmitter according
to a parameter of an impairment of the receiver end and/or
a parameter of an impairment of the transmitter end.
[0011] According to a third aspect of the embodiments of
this disclosure, there is provided a receiver, comprising the
impairment monitoring apparatus as described in the first
aspect or the impairment monitoring and compensating
system as described in the second aspect.

[0012] According to a fourth aspect of the embodiments of
this disclosure, there is provided an impairment monitoring
method, applicable to a receiver end, the method compris-
ing: determining a parameter of an impairment of the
receiver end by a first monitoring unit according to a preset
period or a preset condition, and transmitting the parameter
of the impairment of the receiver end to a first compensator
to compensate for the impairment of the receiver end in a



US 2019/0312637 Al

received signal, and/or transmitting the parameter of the
impairment of the receiver end to a management device, so
that the management device analyzes a cause of the impair-
ment and/or calibrates the receiver according to the param-
eter of the impairment of the receiver end; and/or determin-
ing a parameter of a impairment of the transmitter end by a
second monitoring unit according to a preset period or a
preset condition, and transmitting the parameter of the
impairment of the transmitter end to a second compensator
to compensate for the impairment of the transmitter end in
the received signal, and/or transmitting the parameter of the
impairment of the transmitter end to the management
device, so that the management device analyzes a cause of
the impairment and/or calibrates the transmitter according to
the parameter of the impairment of the transmitter end.
[0013] According to a fifth aspect of the embodiments of
this disclosure, there is provided an impairment monitoring
and compensating method, comprising: the impairment
monitoring method as described in the fourth aspect; and
compensating for an impairment of a receiver end in a
received signal, and/or compensating for an impairment of
a transmitter end in a received signal; and/or analyzing a
cause of an impairment and/or calibrating the receiver
and/or the transmitter according to a parameter of an impair-
ment of the receiver end and/or a parameter of an impair-
ment of the transmitter end.

[0014] An advantage of the embodiments of this disclo-
sure exists in that as a parameter of an impairment of a
receiver end and/or a parameter of an impairment of a
transmitter end is/are determined according to a preset
period or a preset condition to perform compensation or
calibration, complexity of calculation and power consump-
tion of the system may be efficiently lowered. And as the
parameter of the impairment of the receiver end and the
parameter of the impairment of the transmitter end are not
changed rapidly, determining these parameters according to
the preset period or the preset condition to perform com-
pensation or calibration will not affect an effect of the
compensation or calibration, thereby ensuring a perfor-
mance of the system.

[0015] With reference to the following description and
drawings, the particular embodiments of this disclosure are
disclosed in detail, and the principle of this disclosure and
the manners of use are indicated. It should be understood
that the scope of the embodiments of this disclosure is not
limited thereto. The embodiments of this disclosure contain
many alternations, modifications and equivalents within the
scope of the terms of the appended claims.

[0016] Features that are described and/or illustrated with
respect to one embodiment may be used in the same way or
in a similar way in one or more other embodiments and/or
in combination with or instead of the features of the other
embodiments.

[0017] It should be emphasized that the term “comprises/
comprising/includes/including” when used in this specifica-
tion is taken to specify the presence of stated features,
integers, steps or components but does not preclude the
presence or addition of one or more other features, integers,
steps, components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The drawings are included to provide further
understanding of this disclosure, which constitute a part of
the specification and illustrate the preferred embodiments of
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this disclosure, and are used for setting forth the principles
of'this disclosure together with the description. It is obvious
that the accompanying drawings in the following description
are some embodiments of this disclosure, and for those of
ordinary skills in the art, other accompanying drawings may
be obtained according to these accompanying drawings
without making an inventive effort. In the drawings:
[0019] FIG. 1 is a schematic diagram of the impairment
monitoring apparatus of Embodiment 1 of this disclosure;
[0020] FIG. 2 is a schematic diagram of the first monitor-
ing unit 101 of Embodiment 1 of this disclosure;

[0021] FIG. 3 is a schematic diagram of a structure of the
first monitoring unit 101 of Embodiment 1 of this disclosure;
[0022] FIG. 4 is a schematic diagram of the second
monitoring unit 102 of Embodiment 1 of this disclosure;
[0023] FIG. 5 is a schematic diagram of the impairment
monitoring and compensating system of Embodiment 2 of
this disclosure;

[0024] FIG. 6 is a schematic diagram of a systematic
structure of the receiver of Embodiment 3 of this disclosure;
[0025] FIG. 7 is a schematic diagram of the impairment
monitoring method of Embodiment 4 of this disclosure; and
[0026] FIG. 8 is a schematic diagram of the impairment
monitoring and compensating method of Embodiment 5 of
this disclosure.

DETAILED DESCRIPTION

[0027] Inthe embodiments of this disclosure, terms “first”,
and “second”, etc., are used to differentiate different ele-
ments with respect to names, and do not indicate spatial
arrangement or temporal orders of these elements, and these
elements should not be limited by these terms. Terms
“and/or” include any one and all combinations of one or
more relevantly listed terms. Terms “contain”, “include” and
“have” refer to existence of stated features, elements, com-
ponents, or assemblies, but do not exclude existence or
addition of one or more other features, elements, compo-
nents, or assemblies.

[0028] Inthe embodiments of this disclosure, single forms
“a”, and “the”, etc., include plural forms, and should be
understood as “a kind of” or “a type of”” in a broad sense, but
should not defined as a meaning of “one”; and the term “the”
should be understood as including both a single form and a
plural form, except specified otherwise. Furthermore, the
term “according to” should be understood as “at least
partially according to”, the term “based on” should be
understood as “at least partially based on”, except specified
otherwise.

[0029] These and further aspects and features of the pres-
ent disclosure will be apparent with reference to the follow-
ing description and attached drawings. In the description and
drawings, particular embodiments of the disclosure have
been disclosed in detail as being indicative of some of the
ways in which the principles of the disclosure may be
employed, but it is understood that the disclosure is not
limited correspondingly in scope. Rather, the disclosure
includes all changes, modifications and equivalents coming
within the terms of the appended claims.

Embodiment 1

[0030] The embodiment of this disclosure provides an
impairment monitoring apparatus, provided in a receiver end
of an optical communications system. FIG. 1 is a schematic



US 2019/0312637 Al

diagram of the impairment monitoring apparatus of Embodi-
ment 1 of this disclosure. As shown in FIG. 1, an apparatus
100 includes:

[0031] a first monitoring unit 101 configured to determine
a parameter of an impairment of the receiver end according
to a preset period or a preset condition, and transmit the
parameter of the impairment of the receiver end to a first
compensator to compensate for the impairment of the
receiver end in a received signal, and/or transmit the param-
eter of the impairment of the receiver end to a management
device, so that the management device analyzes a cause of
the impairment and/or calibrates the receiver according to
the parameter of the impairment of the receiver end;

[0032]

[0033] a second monitoring unit 102 configured to deter-
mine a parameter of an impairment of a transmitter end
according to a preset period or a preset condition, and
transmit the parameter of the impairment of the transmitter
end to a second compensator to compensate for the impair-
ment of the transmitter end in the received signal, and/or
transmit the parameter of the impairment of the transmitter
end to the management device, so that the management
device analyzes a cause of the impairment and/or calibrates
the transmitter according to the parameter of the impairment
of the transmitter end.

[0034] It can be seen from this embodiment that as the
parameter of the impairment of the receiver end and/or the
parameter of the impairment of the transmitter end is/are
determined according to the preset period or the preset
condition to perform compensation or calibration, complex-
ity of calculation and power consumption of the system may
be efficiently lowered. And as the parameter of the impair-
ment of the receiver end and the parameter of the impair-
ment of the transmitter end are not changed rapidly, deter-
mining these parameters according to the preset period or
the preset condition to perform compensation or calibration
will not affect an effect of the compensation or calibration,
thereby ensuring a performance of the system.

[0035] In this embodiment, for example, the parameter of
an impairment of the receiver end includes at least one of the
following: 1Q amplitude imbalance of the receiver end, 1Q
phase imbalance of the receiver end, IQ amplitude response
and phase-frequency response imbalance of the receiver
end, 1Q delay skew of the receiver end, and crosstalk
between paths of the receiver end.

[0036] Forexample, the parameter of an impairment of the
transmitter end includes at least one of the following: 1Q
amplitude imbalance of the transmitter end, 1Q phase imbal-
ance of the transmitter end, IQ amplitude response and
phase-frequency response imbalance of the transmitter end,
1Q delay skew of the transmitter end, and crosstalk between
paths of the transmitter end.

[0037] In this embodiment, when the optical communica-
tions system is a single-polarization system, both the trans-
mitter end and the receiver end may have signals of two
paths, that is, an I-path signal and a Q-path signal; and when
the optical communications system is a dual-polarization
system, both the transmitter end and the receiver end may
have signals of four paths, that is, an Ix-path signal, a
Qx-path signal, an Iy-path signal, and a Qy-path signal.
[0038] In this embodiment, the first monitoring unit 101
and the second monitoring unit 102 determine the parameter
of'the impairment according to the preset period or the preset

and/or
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condition, the preset period and the preset condition being
set according to an actual situation.

[0039] For example, the preset period may be a frame or
a packet, that is, for example, the parameter of the impair-
ment is re-determined for a new frame or a new packet.
[0040] Forexample, the preset condition may be startup of
the apparatus 100, or that a channel environment of the
optical communications system is changed, such as occur-
rence of routing handover. That is, for example, when the
channel environment of the optical communications system
is changed, the parameter of the impairment is re-deter-
mined.

[0041] In this embodiment, the first monitoring unit 101
may determine the parameter of the impairment by using
various methods. A method for determining the parameter of
the impairment of the receiver end of this embodiment shall
be illustrated below.

[0042] FIG. 2 is a schematic diagram of the first monitor-
ing unit 101 of Embodiment 1 of this disclosure. As shown
in FIG. 2, the first monitoring unit 101 includes:

[0043] a first determining unit 201 configured to determine
a first filter coefficient of the first monitoring unit according
to a pilot signal inserted into a transmission signal; and
[0044] a second determining unit 202 configured to take
the first filter coefficient and/or a parameter obtained through
calculation according to the first filter coefficient as the
parameter of the impairment of the receiver end.

[0045] Hence, by determining the first filter coeflicient
according to the pilot signal, a radial decision error may be
avoided.

[0046] In this embodiment, the pilot signal inserted into
the transmission signal may be a constant modulus signal,
such as a quadrature phase shift keying (QPSK) signal in a
transmission signal in a high-order modulation format.
Hence, setting the pilot signal to be a constant modulus
signal may further simplify the calculation.

[0047] In this embodiment, the first determining unit 201
may determine the first filter coefficient of the first moni-
toring unit 101 based on a blind equalization algorithm and
according to the pilot signal, and reference may be made to
the related art for a specific calculation method.

[0048] In this embodiment, the first monitoring unit 101
may be a multiple input multiple output (MIMO) monitor
based on a blind equalization algorithm, such as a 4x4
real-number filter, or a 4x2 complex filter. And in this
embodiment, description shall be given by taking a 4x4
real-number filter as an example.

[0049] FIG. 3 is a schematic diagram of a structure of the
first monitoring unit 101 of Embodiment 1 of this disclosure.
As shown in FIG. 3, input of the first monitoring unit 101 is
X1, XQ, YI and YQ, and output thereof is Xi,out, Xq,out,
Yi,out and Yq,out. In this embodiment, H,,,, (m,nE{x,y},
s,t€{1,q}) is the first filter coeflicient obtained after trained
according to the pilot signal.

[0050] In this embodiment, the coefficients on a leading
diagonal in the first filter coeflicient may denote differences
of amplitude-frequency responses and phase-frequency
responses between signals of paths of the receiver end, and
coeflicients on an off-diagonal may denote distribution and
magnitudes of frequencies of crosstalk between the signals
of paths of the receiver end.

[0051] For example, as shown in FIG. 3, coefficients
Hy s Hygongr iy and Hy, - on the leading diagonal in the

first filter coefficient may denote the differences of ampli-
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tude-frequency responses and phase-frequency responses
between signals of paths of the receiver end, and coefficients
other than these coeflicients may denote the distribution and
magnitudes of frequencies of crosstalk between the signals
of paths of the receiver end.

[0052] For example, H,, ., denotes crosstalk between 1Q
in an X-path signal, a magnitude of the crosstalk being

expressed quantitatively by formula (1) below:

sum(H, ;) e
Crosstalk yiq = ?;
SUmM{H;—x;

[0053] where, Crosstalk,; denotes the crosstalk between
1Q in the X-path signal.

[0054] In this embodiment, after the first monitoring unit
101 determines the parameter of the impairment of the
receiver end according to the preset period or the preset
condition, it transmits the parameter of the impairment of the
receiver end to the first compensator to compensate for the
impairment of the receiver end in a received signal, and/or
transmits the parameter of the impairment of the receiver
end to the management device, so that the management
device analyzes the cause of the impairment and/or cali-
brates the receiver according to the parameter of the impair-
ment of the receiver end.

[0055] In this embodiment, the first compensator may be
a compensator of various types. For example, the first
compensator is a quasi-static compensator.

[0056] For example, the first compensator is a 4x4 finite
impulse response (FIR) filter, or an FIR filter of 4 single
paths.

[0057] When the first compensator is the 4x4 FIR filter, a
converged coefficient H,,_,, may be directly assigned to the
4x4 FIR filter, for use in compensation for the 1Q imbalance
and crosstalk between the paths.

[0058] When the first compensator is the FIR filter of 4
single paths, the filter coefficients on the leading diagonal
may be fed back to the FIR filter of 4 single paths. And
furthermore, other coefficients may be calculated according
to the filter coefficients, such as a value of the 1Q delay skew,
and the value of the skew may be taken as the parameter of
the impairment of the receiver end to provide to the first
compensator.

[0059] Taking the value of the IQ delay skew of the X-path
signal as an example, the value of the skew may be calcu-
lated by using formulae (2) and (3) below:

kew = 1 de 2)
skew = e W’
@(f) = unwraplangle(DFT(Hyg—xq) * DFT(Hy;_;)]; (3)

[0060] where, skew denotes values of the I-path and
Q-path of the X-path signal, unwrap [ | denotes an unwrap
function, and DFT( ) denotes discrete Fourier transform.

[0061] Hence, the value of the skew is directly calculated
according to the filter coefficient for use in compensation, so
that defects of being relatively complex and being relatively
long in time consumption in an existing scanning method
may be overcome, and the number of equalization taps in an
equalization process at the receiver end may be lowered.
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[0062] In this embodiment, the second monitoring unit
102 may determine the parameter of the impairment of the
transmitter end by using various methods. A method for
determining the parameter of the impairment of the trans-
mitter end of this embodiment shall be illustrated below.
[0063] FIG. 4 is a schematic diagram of the second
monitoring unit 102 of Embodiment 1 of this disclosure. As
shown in FIG. 4, the second monitoring unit 102 includes:
[0064] a third determining unit 401 configured to deter-
mine a second filter coefficient of the second monitoring unit
according to a pilot signal inserted into a transmission
signal; and

[0065] a fourth determining unit 402 configured to take the
second filter coefficient and/or a parameter obtained through
calculation according to the second filter coefficient as the
parameter of the impairment of the transmitter end.

[0066] In this embodiment, in determining the second
filter coefficient by the third determining unit 401 according
to the pilot signal in the transmission signal, a signal
obtained by performing receiver end impairment compen-
sation on a received signal is based.

[0067] Hence, by determining the second filter coeflicient
according to the pilot signal, a path ambiguity problem in the
X-path, Y-path, I-path and Q-path may be avoided.

[0068] In this embodiment, the third determining unit 401
may determine the second filter coefficient of the second
monitoring unit 102 based on a minimum mean square error
(MMSE) algorithm or a least-mean-square (LMS) algorithm
and according to the pilot signal, and reference may be made
to the related art for a specific calculation method.

[0069] In this embodiment, the second monitoring unit
102 may be an MIMO monitor based on an MMSE algo-
rithm or an LMS algorithm, such as a 4x4 real-number filter,
or a 4x2 complex filter. In this embodiment, description
shall be given by taking a 4x4 real-number filter as an
example, with a manner of arrangement of its coefficients
being similar to that of the first monitoring unit 101 shown
in FIG. 3, and its second filter coefficient being expressed by
Mms-nt(minE{XBY}Ssite{i5q})'

[0070] In this embodiment, other coefficients may be
calculated according to the second filter coefficient M
(m,nE{x,y},s,t={i,q}).

[0071] Taking an imbalance effect between the I-path and
the Q-path of the X-path signal as an example, its 1Q
amplitude imbalance, 1Q phase imbalance and 1Q delay
skew may be calculated according to formulae (4)-(7)
below:

ms-nt

[Z Mz ] )
vap = 20log, S )
R My g ) 130 ©)
-l 7 | 180
(bdgg =2sin [ 2 Migq ] 7’
aDyte = L) gy, ©
dw
skew(w) = GDjj(w) — GDyq(w); (€]

[0072] where, v,z denotes the 1Q amplitude imbalance,
40 denotes the 1Q phase imbalance, skew(w) denotes the
1Q delay skew, and DFT( ) denotes discrete Fourier trans-
form.



US 2019/0312637 Al

[0073] In this embodiment, after the second monitoring
unit 102 determines the parameter of the impairment of the
transmitter end according to the preset period or the preset
condition, it transmits the parameter of the impairment of the
transmitter end to the second compensator to compensate for
the impairment of the transmitter end in a received signal,
and/or transmits the parameter of the impairment of the
transmitter end to the management device, so that the
management device analyzes the cause of the impairment
and/or calibrates the transmitter according to the parameter
of the impairment of the transmitter end.

[0074] In this embodiment, the second compensator may
be a compensator of various types. For example, the second
compensator is a quasi-static compensator.

[0075] In this embodiment, the first monitoring unit 101
and the second monitoring unit 102 may coexist, or one of
them may be set as demanded.

[0076] Furthermore, the first monitoring unit 101 may
transmit the parameter of the impairment of the receiver end
to the first compensator to compensate for the impairment of
the receiver end in the received signal, or may transmit the
parameter of the impairment of the receiver end to the
management device, so that the management device ana-
lyzes the cause of the impairment and/or calibrates the
receiver according to the parameter of the impairment of the
receiver end, or may perform both the above two operations.
[0077] And furthermore, the second monitoring unit 102
may transmit the parameter of the impairment of the trans-
mitter end to the second compensator to compensate for the
impairment of the transmitter end in the received signal, or
transmit the parameter of the impairment of the transmitter
end to the management device, so that the management
device analyzes the cause of the impairment and/or cali-
brates the transmitter according to the parameter of the
impairment of the transmitter end, or perform both the above
two operations.

[0078] It can be seen from the above embodiment that as
the parameter of the impairment of the receiver end and/or
the parameter of the impairment of the transmitter end is/are
determined according to the preset period or the preset
condition to perform compensation or calibration, complex-
ity of calculation and power consumption of the system may
be efficiently lowered. And as the parameter of the impair-
ment of the receiver end and the parameter of the impair-
ment of the transmitter end are not changed rapidly, deter-
mining these parameters according to the preset period or
the preset condition to perform compensation or calibration
will not affect an effect of the compensation or calibration,
thereby ensuring a performance of the system.

Embodiment 2

[0079] The embodiment of this disclosure provides an
impairment monitoring and compensating system. FIG. 5 is
a schematic diagram of the impairment monitoring and
compensating system of Embodiment 2 of this disclosure.
As shown in FIG. 5, a system 500 includes:

[0080] an impairment monitoring apparatus 501; and
[0081] at least one of the following:
[0082] a first compensator 502 configured to compensate

for an impairment of a receiver end in a received signal;
[0083] a second compensator 503 configured to compen-
sate for an impairment of a transmitter end in a received
signal; and
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[0084] a management device 504 configured to analyze a
cause of an impairment and/or calibrate the receiver and/or
the transmitter according to a parameter of an impairment of
the receiver end and/or a parameter of an impairment of the
transmitter end.

[0085] In this embodiment, a structure and functions of the
impairment monitoring apparatus 501 are identical to those
contained in Embodiment 1, which shall not be described
herein any further.

[0086] In this embodiment, the first compensator 502 and
the second compensator 503 may be compensators of vari-
ous types, such as quasi-static compensators. And what is
contained in Embodiment 1 may be referred to for details,
which shall not be described herein any further.

[0087] In this embodiment, the first compensator 502
and/or the second compensator 503 may perform compen-
sation on the impairment of the receiver end and/or the
impairment of the transmitter end according to the parameter
of the impairment of the receiver end and/or the parameter
of the impairment of the transmitter end determined by the
impairment monitoring apparatus 501. And furthermore, the
first compensator 502 and/or the second compensator 503
may also perform compensation on the impairment of the
receiver end and/or the impairment of the transmitter end by
using other methods.

[0088] In this embodiment, the management device 504
may analyze the cause of the impairment, or calibrate the
receiver and/or the transmitter, according to the parameter of
the impairment of the receiver end and/or the parameter of
the impairment of the transmitter end, or perform both the
above two operations.

[0089] Hence, through failure analysis, a respond may be
performed rapidly and efficiently, or the receiver and/or the
transmitter may be calibrated directly, thereby further ensur-
ing the performance of the system.

[0090] In this embodiment, reference may be made to the
related art for specific methods for analyzing the cause of the
impairment and/or calibrating the receiver and/or the trans-
mitter by the management device 504, which shall not be
described herein any further.

[0091] It can be seen from the above embodiment that as
the parameter of the impairment of the receiver end and/or
the parameter of the impairment of the transmitter end is/are
determined according to the preset period or the preset
condition to perform compensation or calibration, complex-
ity of calculation and power consumption of the system may
be efficiently lowered. And as the parameter of the impair-
ment of the receiver end and the parameter of the impair-
ment of the transmitter end are not changed rapidly, deter-
mining these parameters according to the preset period or
the preset condition to perform compensation or calibration
will not affect an effect of the compensation or calibration,
thereby ensuring a performance of the system.

Embodiment 3

[0092] The embodiment of this disclosure provides a
receiver, including the impairment monitoring apparatus
described in Embodiment 1 or the impairment monitoring
and compensating system described in Embodiment 2. Ref-
erence may be made to what are contained in embodiments
1 and 2 for specific structures and functions of the impair-
ment monitoring apparatus and the impairment monitoring
and compensating system, which shall not be described
herein any further.
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[0093] FIG. 6 is a schematic diagram of a systematic
structure of the receiver of Embodiment 3 of this disclosure.
As shown in FIG. 6, a receiver 600 includes an orthogonal-
ization unit 601, a first compensator 602, an equalizer 603,
a frequency offset compensation/carrier recovery unit 604, a
second compensator 605, a determination unit 606, a first
monitoring unit 607, a second monitoring unit 608 and a
management device 609.

[0094] In this embodiment, reference may be made to the
related art for specific structures and functions of the
orthogonalization unit 601, the equalizer 603, the frequency
offset compensation/carrier recovery unit 604 and the deter-
mination unit 606.

[0095] In this embodiment, reference may be made to
what are contained in embodiments 1 and 2 for specific
structures and functions of the first compensator 602, the
second compensator 605, the first monitoring unit 607, the
second monitoring unit 608 and the management device
609.

[0096] As shown in FIG. 6, a received signal is inputted
into the orthogonalization unit 601 and the first monitoring
unit 607, the orthogonalization unit 601 decomposes the
received signal into an Ix-path signal, a Qx-path signal, an
Iy-path signal, and a Qy-path signal, the first monitoring unit
607 determines a parameter of an impairment of a receiver
end according to a preset period or a preset condition, and
transmits the parameter of the impairment of the receiver
end to the first compensator 602 and the management device
609, the first compensator 602 performs compensation on
the impairment of the receiver end according to the param-
eter of the impairment of the receiver end, and the received
signal after the compensation on the impairment of the
receiver end is performed enters into the equalizer 603 for
being equalization processed. In this case, the equalizer 603
may be an equalizer of short taps. The received signal
passing through the equalizer 603 is inputted into the
frequency offset compensation/carrier recovery unit 604 for
frequency offset compensation and carrier recovery, the
second monitoring unit 608 determines the parameter of the
impairment of the transmitter end according to a preset
period or a preset condition and the received signal after the
frequency offset compensation and carrier recovery, and
transmits the parameter of the impairment of the transmitter
end to the second compensator 605 and the management
device 609, the second compensator 605 performs compen-
sation on the impairment of the transmitter end according to
the parameter of the impairment of the transmitter end, the
received signal after compensation on the impairment of the
transmitter end is performed is inputted into the determina-
tion unit 606 for determination and then is outputted, and the
management device 609 analyzes a cause of the impairments
and/or calibrates the receiver and the transmitter according
to the parameter of the impairment of the receiver end and
the parameter of the impairment of the transmitter end.
[0097] In this embodiment, the functions of the first com-
pensator 602, the second compensator 605, the first moni-
toring unit 607, the second monitoring unit 608 and the
management device 609 may be executed by a processor of
the receiver, such as a digital signal processor (DSP) of the
receiver.

[0098] It can be seen from the above embodiment that as
the parameter of the impairment of the receiver end and/or
the parameter of the impairment of the transmitter end is/are
determined according to the preset period or the preset
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condition to perform compensation or calibration, complex-
ity of calculation and power consumption of the system may
be efficiently lowered. And as the parameter of the impair-
ment of the receiver end and the parameter of the impair-
ment of the transmitter end are not changed rapidly, deter-
mining these parameters according to the preset period or
the preset condition to perform compensation or calibration
will not affect an effect of the compensation or calibration,
thereby ensuring a performance of the system.

Embodiment 4

[0099] The embodiment of this disclosure provides an
impairment monitoring method, which corresponds to the
impairment monitoring apparatus of Embodiment 1. FIG. 7
is a schematic diagram of the impairment monitoring
method of Embodiment 4 of this disclosure. As shown in
FIG. 7, the method includes:

[0100] Step 701: a parameter of an impairment of the
receiver end is determined by a first monitoring unit accord-
ing to a preset period or a preset condition, and the parameter
of the impairment of the receiver end is transmitted to a first
compensator to compensate for the impairment of the
receiver end in a received signal, and/or the parameter of the
impairment of the receiver end is transmitted to a manage-
ment device, so that a cause of the impairment is analyzed
and/or the receiver is calibrated by the management device
according to the parameter of the impairment of the receiver
end; and/or

[0101] Step 702: a parameter of an impairment of the
transmitter end is determined by a second monitoring unit
according to a preset period or a preset condition, and the
parameter of the impairment of the transmitter end is trans-
mitted to a second compensator to compensate for the
impairment of the transmitter end in the received signal,
and/or the parameter of the impairment of the transmitter
end is transmitted to the management device, so that a cause
of the impairment is analyzed and/or the transmitter is
calibrated by the management device according to the
parameter of the impairment of the transmitter end.

[0102] In this embodiment, the method may include step
701 or step 702, or may include both step 701 and step 702,
and what is contained in Embodiment 1 may be referred to
for specific implementations, which shall not be described
herein any further.

[0103] It can be seen from the above embodiment that as
the parameter of the impairment of the receiver end and/or
the parameter of the impairment of the transmitter end is/are
determined according to the preset period or the preset
condition to perform compensation or calibration, complex-
ity of calculation and power consumption of the system may
be efficiently lowered. And as the parameter of the impair-
ment of the receiver end and the parameter of the impair-
ment of the transmitter end are not changed rapidly, deter-
mining these parameters according to the preset period or
the preset condition to perform compensation or calibration
will not affect an effect of the compensation or calibration,
thereby ensuring a performance of the system.

Embodiment 5

[0104] The embodiment of this disclosure provides an
impairment monitoring and compensating method, which
corresponds to the impairment monitoring and compensat-
ing system of Embodiment 2. FIG. 8 is a schematic diagram



US 2019/0312637 Al

of the impairment monitoring and compensating method of
Embodiment 5 of this disclosure. As shown in FIG. 8, the
method includes:

[0105] Step 801: monitoring is performed on an impair-
ment of a receiver end and/or an impairment of a transmitter
end; and at least one of the following steps:

[0106] Step 802: an impairment of a receiver end in a
received signal is compensated;

[0107] Step 803: an impairment of a transmitter end in a
received signal is compensated;

[0108] Step 804: a cause of an impairment is analyzed
according to a parameter of an impairment of the receiver
end and/or a parameter of an impairment of the transmitter
end;

[0109] Step 805: the receiver and/or the transmitter is/are
calibrated according to the parameter of the impairment of
the receiver end and/or the parameter of the impairment of
the transmitter end.

[0110] In this embodiment, reference may be made to
what are contained in embodiments 1 and 2 for specific
implementations of the above steps, which shall not be
described herein any further.

[0111] It can be seen from the above embodiment that as
the parameter of the impairment of the receiver end and/or
the parameter of the impairment of the transmitter end is/are
determined according to the preset period or the preset
condition to perform compensation or calibration, complex-
ity of calculation and power consumption of the system may
be efficiently lowered. And as the parameter of the impair-
ment of the receiver end and the parameter of the impair-
ment of the transmitter end are not changed rapidly, deter-
mining these parameters according to the preset period or
the preset condition to perform compensation or calibration
will not affect an effect of the compensation or calibration,
thereby ensuring a performance of the system.

[0112] An embodiment of the present disclosure provides
a computer readable program code, which, when executed in
an impairment monitoring apparatus or a receiver, will cause
a computer to carry out the impairment monitoring method
as described in Embodiment 4 in the impairment monitoring
apparatus or the receiver.

[0113] An embodiment of the present disclosure provides
a computer readable program code, which, when executed in
an impairment monitoring and compensating system or a
receiver, will cause a computer to carry out the impairment
monitoring and compensating method as described in
Embodiment 5 in the impairment monitoring and compen-
sating system or the receiver.

[0114] An embodiment of the present disclosure provides
a computer storage medium, including a computer readable
program code, which will cause a computer to carry out the
impairment monitoring method as described in Embodiment
4 in an impairment monitoring apparatus or a receiver.
[0115] An embodiment of the present disclosure provides
a computer storage medium, including a computer readable
program code, which will cause a computer to carry out the
impairment monitoring and compensating method as
described in Embodiment 5 in an impairment monitoring
and compensating system or a receiver.

[0116] The impairment monitoring method carried out in
the impairment monitoring apparatus or the receiver
described with reference to the embodiments of this disclo-
sure may be directly embodied as hardware, software mod-
ules executed by a processor, or a combination thereof. For
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example, one or more functional block diagrams and/or one
or more combinations of the functional block diagrams
shown in FIG. 1 may either correspond to software modules
of procedures of a computer program, or correspond to
hardware modules. Such software modules may respectively
correspond to the steps shown in FIG. 7. And the hardware
module, for example, may be carried out by firming the soft
modules by using a field programmable gate array (FPGA).

[0117] The soft modules may be located in an RAM, a
flash memory, an ROM, an EPROM, and an EEPROM,; a
register, a hard disc, a floppy disc, a CD-ROM, or any
memory medium in other forms known in the art. A memory
medium may be coupled to a processor, so that the processor
may be able to read information from the memory medium,
and write information into the memory medium; or the
memory medium may be a component of the processor. The
processor and the memory medium may be located in an
ASIC. The soft modules may be stored in a memory of a
mobile terminal, and may also be stored in a memory card
of a pluggable mobile terminal. For example, if equipment
(such as a mobile terminal) employs an MEGA-SIM card of
a relatively large capacity or a flash memory device of a
large capacity, the soft modules may be stored in the
MEGA-SIM card or the flash memory device of a large
capacity.

[0118] One or more functional blocks and/or one or more
combinations of the functional blocks in FIG. 1 may be
realized as a universal processor, a digital signal processor
(DSP), an application-specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other program-
mable logic devices, discrete gate or transistor logic devices,
discrete hardware component or any appropriate combina-
tions thereof carrying out the functions described in this
application. And the one or more functional block diagrams
and/or one or more combinations of the functional block
diagrams in FIG. 1 may also be realized as a combination of
computing equipment, such as a combination of a DSP and
a microprocessor, multiple processors, one or more micro-
processors in communication combination with a DSP, or
any other such configuration.

[0119] This disclosure is described above with reference to
particular embodiments. However, it should be understood
by those skilled in the art that such a description is illustra-
tive only, and not intended to limit the protection scope of
the present disclosure. Various variants and modifications
may be made by those skilled in the art according to the
principle of the present disclosure, and such variants and
modifications fall within the scope of the present disclosure.

[0120] For implementations of the present disclosure con-
taining the above embodiments, following supplements are
further disclosed.

[0121] Supplement 1. An impairment monitoring appara-
tus, provided in a receiver end, the apparatus including:

[0122] a first monitoring unit configured to determine a
parameter of an impairment of the receiver end according to
a preset period or a preset condition, and transmit the
parameter of the impairment of the receiver end to a first
compensator to compensate for the impairment of the
receiver end in a received signal, and/or transmit the param-
eter of the impairment of the receiver end to a management
device, so that the management device analyzes a cause of
the impairment and/or calibrates the receiver according to
the parameter of the impairment of the receiver end; and/or
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[0123] a second monitoring unit configured to determine a
parameter of an impairment of a transmitter end according
to a preset period or a preset condition, and transmit the
parameter of the impairment of the transmitter end to a
second compensator to compensate for the impairment of
the transmitter end in the received signal, and/or transmit the
parameter of the impairment of the transmitter end to the
management device, so that the management device ana-
lyzes a cause of the impairment and/or calibrates the trans-
mitter according to the parameter of the impairment of the
transmitter end.

[0124] Supplement 2. The apparatus according to supple-
ment 1, wherein, the first monitoring unit includes:

[0125] a first determining unit configured to determine a
first filter coeflicient of the first monitoring unit according to
a pilot signal inserted into a transmission signal; and
[0126] a second determining unit configured to take the
first filter coefficient and/or a parameter obtained through
calculation according to the first filter coefficient as the
parameter of the impairment of the receiver end;

[0127] and the second monitoring unit includes:

[0128] a third determining unit configured to determine a
second filter coefficient of the second monitoring unit
according to a pilot signal inserted into a transmission
signal; and

[0129] a fourth determining unit configured to take the
second filter coefficient and/or a parameter obtained through
calculation according to the second filter coefficient as the
parameter of the impairment of the transmitter end.

[0130] Supplement 3. The apparatus according to supple-
ment 2, wherein,

[0131] coeflicients on a leading diagonal in the first filter
coeflicient of the first monitoring unit denote differences of
amplitude-frequency responses and phase-frequency
responses between signals of paths of the receiver end, and
coeflicients on an off-diagonal denote distribution and mag-
nitudes of frequencies of crosstalk between the signals of
paths of the receiver end.

[0132] Supplement 4. The apparatus according to supple-
ment 2, wherein the pilot signal is a constant modulus signal.
[0133] Supplement 5. The apparatus according to supple-
ment 1, wherein,

[0134] the first monitoring unit is a multiple input multiple
output monitor based on a blind equalization algorithm;
[0135] and the second monitoring unit is a multiple input
multiple output monitor based on a minimum mean square
error algorithm or a least-mean-square algorithm.

[0136] Supplement 6. An impairment monitoring and
compensating system, including:

[0137] the impairment monitoring apparatus as described
in any one of supplements 1-5; and

[0138] a first compensator configured to compensate for
an impairment of a receiver end in a received signal, and/or
a second compensator configured to compensate for an
impairment of a transmitter end in a received signal; and/or
[0139] a management device configured to analyze a cause
of an impairment and/or calibrate the receiver and/or the
transmitter according to a parameter of an impairment of the
receiver end and/or a parameter of an impairment of the
transmitter end.

[0140] Supplement 7. The system according to supple-
ment 6, wherein,

[0141] the first compensator and the second compensator
are quasi-static compensators.
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[0142] Supplement 8. The system according to supple-
ment 6, wherein,

[0143] the first compensator and/or the second compen-
sator compensate for the impairment of the receiver end
and/or the impairment of the transmitter end according to a
parameter of an impairment of the receiver end and/or a
parameter of an impairment of the transmitter end deter-
mined by the impairment monitoring apparatus.

[0144] Supplement 9. A receiver, including the impair-
ment monitoring apparatus as described in any one of
supplements 1-5 or the impairment monitoring and compen-
sating system as described in any one of supplements 6-8.
[0145] Supplement 10. An impairment monitoring
method, applicable to a receiver end, the method including:
[0146] determining a parameter of an impairment of the
receiver end by a first monitoring unit according to a preset
period or a preset condition, and transmitting the parameter
of the impairment of the receiver end to a first compensator
to compensate for the impairment of the receiver end in a
received signal, and/or transmitting the parameter of the
impairment of the receiver end to a management device, so
that the management device analyzes a cause of the impair-
ment and/or calibrates the receiver according to the param-
eter of the impairment of the receiver end; and/or

[0147] determining a parameter of an impairment of the
transmitter end by a second monitoring unit according to a
preset period or a preset condition, and transmitting the
parameter of the impairment of the transmitter end to a
second compensator to compensate for the impairment of
the transmitter end in the received signal, and/or transmit-
ting the parameter of the impairment of the transmitter end
to the management device, so that the management device
analyzes a cause of the impairment and/or calibrates the
transmitter according to the parameter of the impairment of
the transmitter end.

[0148] Supplement 11. The method according to supple-
ment 10, wherein,

[0149] the determining a parameter of an impairment of
the receiver end includes:

[0150] determining a first filter coefficient of the first
monitoring unit according to a pilot signal inserted into a
transmission signal; and

[0151] taking the first filter coefficient and/or a parameter
obtained through calculation according to the first filter
coeflicient as the parameter of the impairment of the receiver
end;

[0152] and the determining a parameter of an impairment
of the transmitter end includes:

[0153] determining a second filter coefficient of the second
monitoring unit according to a pilot signal inserted into a
transmission signal; and

[0154] taking the second filter coefficient and/or a param-
eter obtained through calculation according to the second
filter coefficient as the parameter of the impairment of the
transmitter end.

[0155] Supplement 12. The method according to supple-
ment 11, wherein,

[0156] the coefficients on a leading diagonal in the first
filter coefficient may denote differences of amplitude-fre-
quency responses and phase-frequency responses between
signals of paths of the receiver end, and coefficients on an
off-diagonal may denote distribution and magnitudes of
frequencies of crosstalk between the signals of paths of the
receiver end.
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[0157] Supplement 13. The method according to supple-
ment 11, wherein,
[0158] the pilot signal is a constant modulus signal.
[0159] Supplement 14. The method according to supple-
ment 10, wherein,
[0160] the first monitoring unit is a multiple input multiple
output monitor based on a blind equalization algorithm;
[0161] and the second monitoring unit is a multiple input
multiple output monitor based on a minimum mean square
error algorithm or a least-mean-square algorithm.
[0162] Supplement 15. An impairment monitoring and
compensating method, including:
[0163] the impairment monitoring method as described in
any one of supplements 10-14; and
[0164] compensating for an impairment of a receiver end
in a received signal, and/or compensating for an impairment
of a transmitter end in a received signal; and/or
[0165] analyzing a cause of an impairment and/or cali-
brating the receiver and/or the transmitter according to a
parameter of an impairment of the receiver end and/or a
parameter of an impairment of the transmitter end.
[0166] Supplement 16. The method according to supple-
ment 15, wherein,
[0167] the first compensator and the second compensator
are quasi-static compensators.
[0168] Supplement 17. The method according to supple-
ment 15, wherein,
[0169] the compensating for an impairment of a receiver
end in a received signal includes: compensating for the
impairment of the receiver end according to a parameter of
an impairment of the receiver end determined by the impair-
ment monitoring apparatus;
[0170] and the compensating for an impairment of a
transmitter end in a received signal includes: compensating
for the impairment of the transmitter end according to a
parameter of an impairment of the transmitter end deter-
mined by the impairment monitoring apparatus.
1. An impairment monitoring apparatus, provided in a
receiver end apparatus, the apparatus comprising:
a first monitor to,
determine a parameter of an impairment in communi-
cation performance of the receiver end apparatus
according to a set period or a set condition, and
transmit the parameter of the impairment of the
receiver end apparatus to a first compensator to
compensate for the impairment of the receiver end
apparatus in a received signal, and/or
transmit the parameter of the impairment of the
receiver end apparatus to a management device to
cause the management device to analyze a cause of
the impairment and/or calibrate the receiver end
apparatus according to the parameter of the impair-
ment of the receiver end apparatus; and/or
a second monitor to,
determine a parameter of an impairment in communi-
cation performance of a transmitter end apparatus
according to a set period or a set condition, and
transmit the parameter of the impairment of the trans-
mitter end apparatus to a second compensator to
compensate for the impairment of the transmitter end
apparatus in the received signal, and/or
transmit the parameter of the impairment of the trans-
mitter end apparatus to the management device to
cause the management device analyze a cause of the
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impairment and/or calibrate the transmitter end
apparatus according to the parameter of the impair-
ment of the transmitter end apparatus.
2. The apparatus according to claim 1, wherein,
the first monitor is to:
determine a first filter coefficient of the first monitor
according to a pilot signal inserted into a transmis-
sion signal; and
take the first filter coefficient and/or a parameter
obtained through a calculation according to the first
filter coefficient as the parameter of the impairment
of the receiver end apparatus;
the second monitor is to:
determine a second filter coefficient of the second
monitor according to a pilot signal inserted into a
transmission signal; and
take the second filter coefficient and/or a parameter
obtained through a calculation according to the sec-
ond filter coefficient as the parameter of the impair-
ment of the transmitter end apparatus.
3. The apparatus according to claim 2, wherein,
coeflicients on a leading diagonal in the first filter coef-
ficient of the first monitor denote differences of ampli-
tude-frequency responses and phase-frequency
responses between signals of paths of the receiver end
apparatus, and coefficients on an off-diagonal denote
distribution and magnitudes of frequencies of crosstalk
between the signals of paths of the receiver end appa-
ratus.
4. The apparatus according to claim 2, wherein the pilot
signal is a constant modulus signal.
5. The apparatus according to claim 1, wherein,
the first monitor is an MIMO monitor based on a blind
equalization algorithm; and
the second monitor is an MIMO monitor based on a
minimum mean square error algorithm or a least-mean-
square algorithm.
6. An impairment monitoring and compensating system,
comprising:
the impairment monitoring apparatus as claimed in claim
1; and
the first compensator to compensate for the impairment of
the receiver end apparatus in the received signal, and/or
the second compensator to compensate for the impair-
ment of the transmitter end apparatus in the received
signal; and/or
the management device to analyze the cause of the
impairment and/or calibrate the receiver and/or the
transmitter end apparatuses according to the parameter
of the impairment of the receiver end apparatus and/or
the parameter of the impairment of the transmitter end
apparatus.
7. The system according to claim 6, wherein,
the first compensator and the second compensator are
quasi-static compensators.
8. The system according to claim 6, wherein,
the first compensator and/or the second compensator
compensate for the impairment of the receiver end
and/or the impairment of the transmitter end appara-
tuses according to the parameter of the impairment of
the receiver end and/or the parameter of the impairment
of the transmitter end apparatus determined by the
impairment monitoring apparatus.
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9. A impairment monitoring method, applicable to be
performed by a receiver end apparatus, the method com-
prising:

determining a parameter of an impairment in communi-

cation performance of the receiver end apparatus by a
first monitor according to a set period or a set condition,
and

transmitting the parameter of the impairment of the

receiver end apparatus to a first compensator to com-
pensate for the impairment of the receiver end appara-
tus in a received signal, and/or

transmitting the parameter of the impairment of the

receiver end apparatus to a management device to
cause the management device analyze a cause of the
impairment and/or calibrate the receiver end apparatus
according to the parameter of the impairment of the
receiver end apparatus; and/or

determining a parameter of an impairment in communi-

cation performance of the transmitter end apparatus by
a second monitor according to a set period or a set
condition, and

transmitting the parameter of the impairment of the trans-

mitter end apparatus to a second compensator to com-
pensate for the impairment of the transmitter end
apparatus in the received signal, and/or
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transmitting the parameter of the impairment of the trans-
mitter end apparatus to the management device to cause
the management device analyze a cause of the impair-
ment and/or calibrate the transmitter end apparatus
according to the parameter of the impairment of the
transmitter end apparatus.
10. The method according to claim 9, wherein,
the determining a parameter of an impairment of the
receiver end apparatus comprises:
determining a first filter coefficient of the first monitor
according to a pilot signal inserted into a transmis-
sion signal; and
taking the first filter coeflicient and/or a parameter
obtained through a calculation according to the first
filter coefficient as the parameter of the impairment
of the receiver end apparatus; and
the determining a parameter of an impairment of the
transmitter end apparatus comprises:
determining a second filter coefficient of the second
monitor according to a pilot signal inserted into a
transmission signal; and
taking the second filter coefficient and/or a parameter
obtained through a calculation according to the sec-
ond filter coefficient as the parameter of the impair-
ment of the transmitter end apparatus.
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