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COHERENT DETECTION IMPLEMENTING
APPARATUS, SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese patent
application No. 201810979514.4, filed before the China
National Intellectual Property Administration (CNIPA) on
Aug. 27, 2018 and entitled “Coherent Detection Implement-
ing Apparatus, System and Method”, the content of which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates, but is not limited, to the
technical field of optical communications, in particular to a
coherent detection implementing apparatus, system and
method.

BACKGROUND

[0003] At present, coherent detection technology has
become an important development direction of an optical
communication system. Power budget and cost are two
important considerations in building the optical communi-
cation system. Because of the introduction of Local Oscil-
lator (LO) light, the coherent detection technology can
significantly improve the receiving sensitivity of the system,
reduce the power requirement for the received signal light,
and thereby alleviate the bandwidth and power constraints of
the traditional optical communication system.

[0004] The main components of a coherent receiver speci-
fied in the Optical Internetworking Forum (OIF) standard
are shown in FIG. 1. For a coherent detection system, it is
necessary to introduce an LO laser to provide the LO light.
In order to achieve the coherent detection with the maximum
sensitivity, the signal light and the LO light need to meet the
following conditions: the signal light and the LO light need
to have the same polarization state, the same frequency or a
stable frequency difference, and limited phase noise. There-
fore, in order to enable the central wavelength of the LO
light to keep consistent with the central wavelength of the
signal light, it is necessary to use a high-precision tunable
laser as an LO light source for coherent detection. In order
to reduce the phase noise, the line width of the used LO laser
is required to be extremely narrow, which results in high cost
and high price of the coherent detection system.

SUMMARY

[0005] The embodiments of the disclosure provide a
coherent detection implementation device, system and
method to reduce cost and complexity.

[0006] A first aspect of the embodiments of the disclosure
provides a coherent detection implementing apparatus,
which includes: a first transceiver unit and a first coherent
receiver. The first transceiver unit is configured to send an
optical signal in a first direction to a second device, wherein
the optical signal in the first direction includes a direct
current optical signal with a first wavelength and a modu-
lated optical signal with a second wavelength. The first
transceiver unit is also configured to receive an optical
signal in a second direction from the second device, wherein
the optical signal in the second direction includes a modu-
lated optical signal with the first wavelength. The first
coherent receiver is connected with the first transceiver unit,
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and configured to take a part of the direct current optical
signal with the first wavelength in the optical signal in the
first direction as an LO light for coherent reception, perform
coherent frequency mixing between the LO light and the
optical signal in the second direction, and demodulate the
optical signal in the second direction.

[0007] A second aspect of the embodiments of the disclo-
sure provides a coherent detection implementing apparatus,
which includes: a second transceiver unit and a second
coherent receiver. The second transceiver unit is configured
to receive an optical signal in a first direction from a first
device, wherein the optical signal in the first direction
includes a direct current optical signal with a first wave-
length and a modulated optical signal with a second wave-
length. The second coherent receiver is connected with the
second transceiver unit, and is configured to take a part of
the direct current optical signal with the first wavelength as
an LO light for coherent reception, perform coherent fre-
quency mixing between the LO light and the modulated
optical signal with the second wavelength, and demodulate
the modulated optical signal with the second wavelength.
[0008] The embodiments of the disclosure also provide a
coherent detection implementing system, which includes a
first device and a second device that is connected with the
first device through an optical fiber link. The first device
includes the coherent detection implementing apparatus in
the first aspect of the embodiments of the disclosure, and the
second device includes the coherent detection implementing
apparatus in the second aspect of the embodiments of the
disclosure.

[0009] The embodiments of the disclosure also provide a
coherent detection implementing method, which includes
the following operations. A first device sends an optical
signal in a first direction to a second device, wherein the
optical signal in the first direction includes a direct current
optical signal with a first wavelength and a modulated
optical signal with a second wavelength. The first device
receives an optical signal in a second direction from the
second device, takes a part of the direct current optical signal
with the first wavelength in the optical signal in the first
direction as an LO light for coherent reception, performs
coherent frequency mixing between the LO light and the
optical signal in the second direction, and demodulates the
optical signal in the second direction. The optical signal in
the second direction includes a modulated optical signal
with the first wavelength.

[0010] The embodiments of the disclosure also provide a
coherent detection implementing method, which includes
the following operations. A second device receives an opti-
cal signal in a first direction from a first device, wherein the
optical signal in the first direction includes a direct current
optical signal with a first wavelength and a modulated
optical signal with a second wavelength. The second device
takes a part of the direct current optical signal with the first
wavelength as an LO light for coherent reception, performs
coherent frequency mixing between the LO light and the
modulated optical signal with the second wavelength, and
demodulates the modulated optical signal with the second
wavelength.

[0011] The embodiments of the disclosure also provide a
coherent detection implementing method, which includes
the following operations. A first device sends an optical
signal in a first direction to a second device, wherein the
optical signal in the first direction includes a direct current
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optical signal with a first wavelength and a modulated
optical signal with a second wavelength. The second device
receives the optical signal in the first direction from the first
device, takes a part of the direct current optical signal with
the first wavelength as an LO light for coherent reception,
performs coherent frequency mixing between the LO light
and the modulated optical signal with the second wave-
length, and demodulates the modulated optical signal with
the second wavelength.

[0012] Inthe embodiments of the disclosure, a first device
sends an optical signal in a first direction to a second device,
wherein the optical signal in the first direction includes a
direct current optical signal with a first wavelength and a
modulated optical signal with a second wavelength. The
second device receives the optical signal in the first direction
from the first device, takes a part of the direct current optical
signal with the first wavelength as an LO light for coherent
reception, performs coherent frequency mixing between the
LO light and the modulated optical signal with the second
wavelength, and demodulates the modulated optical signal
with the second wavelength. In the embodiments of the
disclosure, the cost and complexity of coherent detection are
reduced by saving an LO laser used for coherent reception.
[0013] Other characteristics and advantages of the disclo-
sure will be elaborated in the subsequent specification. A
part of characteristics and advantages of the disclosure
becomes apparent based on the specification or becomes
known through implementation of the disclosure. The pur-
poses and other advantages of the disclosure may be realized
and obtained through the structures specified in the speci-
fication, the claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings described herein are
used to provide a deeper understanding of the technical
solutions of the present disclosure, and constitute a part of
the specification. The exemplary embodiments of the pres-
ent disclosure and the accompanying drawings are used to
explain the technical solutions of the present disclosure. The
drawings and the exemplary embodiments do not constitute
limitations to the technical solutions of the present disclo-
sure. In the drawings:

[0015] FIG. 1 is a schematic diagram of main components
of a coherent receiver specified in the OIF standard.
[0016] FIG. 2 is a schematic diagram of a coherent detec-
tion implementing system according to an embodiment of
the disclosure.

[0017] FIG. 3 is a schematic diagram of a coherent detec-
tion implementing apparatus (applied to a first device)
according to an embodiment of the disclosure.

[0018] FIG. 4 is a schematic diagram of a first transceiver
unit according to an embodiment of the disclosure.

[0019] FIG. 5 is a schematic diagram of a first device
according to an embodiment of the disclosure.

[0020] FIG. 6 is a schematic diagram of a first device
according to another embodiment of the disclosure.

[0021] FIG. 7 is a schematic diagram of a first device
according to yet another embodiment of the disclosure.
[0022] FIG. 8 is a schematic diagram of a first coherent
receiver according to an embodiment of the disclosure.
[0023] FIG. 9 is a schematic diagram of a coherent detec-
tion implementing apparatus (applied to a second device)
according to an embodiment of the disclosure.
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[0024] FIG. 10 is a schematic diagram of a second trans-
ceiver unit according to an embodiment of the disclosure.
[0025] FIG. 11 is a schematic diagram of a second device
according to an embodiment of the disclosure.

[0026] FIG. 12 is a schematic diagram of a second device
according to another embodiment of the disclosure.

[0027] FIG. 13 is a schematic diagram of a second device
according to yet another embodiment of the disclosure.
[0028] FIGS. 14(a) to (¢) are schematic diagrams of a
second optical transmitter according to an embodiment of
the disclosure.

[0029] FIG. 15 is a schematic diagram of a second coher-
ent receiver according to an embodiment of the disclosure.
[0030] FIG. 16 is a schematic diagram of a second coher-
ent receiver according to another embodiment of the disclo-
sure.

[0031] FIG. 17 is a schematic diagram of a coherent
detection implementing system according to an application
example of the disclosure.

[0032] FIG. 18 is a schematic diagram of a coherent
detection implementing system according to another appli-
cation example of the disclosure.

[0033] FIG. 19 is a flowchart of a coherent detection
implementing method (applied to a first device) according to
an embodiment of the disclosure.

[0034] FIG. 20 is a flowchart of a coherent detection
implementing method (applied to a first device) according to
another embodiment of the disclosure.

[0035] FIG. 21 is a schematic diagram of a subflow of a
coherent detection implementing method shown in FIG. 19
and FIG. 20 according to another embodiment of the dis-
closure.

[0036] FIG. 22 is a schematic diagram of another subflow
of a coherent detection implementing method shown in FIG.
19 and FIG. 20 according to another embodiment of the
disclosure.

[0037] FIG. 23 is a flowchart of a coherent detection
implementing method (applied to a second device) accord-
ing to an embodiment of the disclosure.

[0038] FIG. 24 is a flowchart of a coherent detection
implementing method (applied to a second device) accord-
ing to another embodiment of the disclosure.

[0039] FIG. 25 is a flowchart of a coherent detection
implementing method (applied to a coherent detection
implementing system) according to an embodiment of the
disclosure.

[0040] FIG. 26 is a flowchart of a coherent detection
implementing method (applied to a coherent detection
implementing system) according to another embodiment of
the disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0041] The embodiments of the present disclosure are
described below with reference to the drawings in detail. It
is to be noted that embodiments in the present application
and characteristics in the embodiments may be combined to
derive other embodiments not explicitly described.

[0042] In order to reduce the cost of system, in a coherent
detection system, data of a part of a modulated signal may
be erased by some technical means and the remaining part
of signal may be used as an LO light, thus saving an LO
laser. However, additional envelope detector, semiconductor
optical amplifier and narrow-band optical filter need to be
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introduced in order to achieve this scheme, which increases
the complexity and cost of the system. Besides, it is difficult
to completely erase the modulated signal. In addition,
because a polarization state of signal light is random after
the signal light is transmitted through an ordinary optical
fiber, a coherent receiver usually adopts the way of polar-
ization diversity shown in FIG. 1 to respectively receive two
polarization state components of an optical signal, which
doubles the complexity of the coherent receiver and greatly
increases the cost of the coherent detection system.

[0043] In addition, because the signal light and the LO
light are from different lasers, which makes it difficult to
achieve stable and accurate matching of frequency and
phase. Therefore, after Analog-to-Digital Conversion
(ADC) is performed, a Digital Signal Processing (DSP)
algorithm is still needed to correct a frequency and eliminate
a phase noise, which further increases the complexity of the
coherent detection system. It can be concluded from the
above analysis that cost and system complexity are impor-
tant factors that lead to the failure of scale application of the
coherent detection technology in a Passive Optical Network
(PON) system.

[0044] The embodiments of the disclosure provide a
coherent detection implementation device, system and
method, which may simplify structure and reduce cost.
[0045] As shown in FIG. 2 that is a schematic diagram of
a coherent detection implementing system according to an
embodiment of the disclosure, the system includes a first
device 10 and a second device 20 that is connected with the
first device 10 through an optical fiber link 30.

[0046] The first device 10 sends an optical signal in a first
direction (represented by the solid line) to the second device
20. The optical signal in the first direction includes a direct
current optical signal Al with a first wavelength and a
modulated optical signal A2(S) with a second wavelength.
The second device 20 sends an optical signal in a second
direction (represented by the dashed line) to the first device
10. The optical signal in the second direction includes a
modulated optical signal A1(S) with the first wavelength.
[0047] The first device 10 generates optical signals A1 and
A2 of two wavelengths in the first direction, modulates the
optical signal of one wavelength to obtain A2(S), and splits
a part of direct current light A1. When A1(S) in the second
direction arrives, coherent frequency mixing is directly
performed between A1(S) and the split LO light A1 to
achieve coherent reception. After the optical signals A1 and
A2(S) in the first direction arrive, the second device 20
separates the light of the two wavelengths. The second
device 20 divides the direct current light A1 into two parts.
One part of the direct current light A1 is used as the LO light,
and the second device 20 performs coherent frequency
mixing between the LO light and the modulated optical
signal A2(S) with the second wavelength in the optical signal
in the first direction to achieve coherent reception. The other
part of the direct current light is modulated and reflected to
generate the optical signal in the second direction, that is, the
modulated optical signal A1(S) with the first wavelength.
[0048] The embodiments of the disclosure may be applied
to, but not limited to, a PON system. The first device 10 may
be an Optical Line Terminal (OLT). The second device 20
may be an Optical Network Unit (ONU). The first direction
may be a downstream direction, and the second direction
may be an upstream direction. The OLT is connected with
the ONU through an Optical Distribution Network (ODN).
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[0049] The first device 10 and the second device 20 are
respectively described below.

[0050] For the first device 10, as shown in FIG. 3, a
coherent detection implementing apparatus is in the first
device 10. The coherent detection implementing apparatus
includes: a first transceiver unit 11 and a first coherent
receiver 12. The first transceiver unit 11 is configured to send
an optical signal in a first direction to the second device 20,
wherein the optical signal in the first direction includes a
direct current optical signal with a first wavelength and a
modulated optical signal with a second wavelength. The first
transceiver unit 11 is also configured to receive an optical
signal in a second direction from the second device 20,
wherein the optical signal in the second direction includes a
modulated optical signal with the first wavelength. The first
coherent receiver 12 is connected with the first transceiver
unit, and configured to take a part of the direct current
optical signal with the first wavelength in the optical signal
in the first direction as an LO light for coherent reception,
perform coherent frequency mixing between the LO light
and the optical signal in the second direction, and demodu-
late the optical signal in the second direction.

[0051] In the embodiments of the disclosure, the cost and
complexity of coherent detection are reduced by saving an
LO laser used for coherent reception.

[0052] As shown in FIG. 4, in an embodiment, the first
transceiver unit 11 includes a first optical transmitter 111, a
modulation and splitting subunit 112 and an interface sub-
unit 113 that are connected successively. The first optical
transmitter 111 is configured to generate an optical signal to
be modulated. The optical signal to be modulated includes
the direct current optical signal with the first wavelength and
a direct current optical signal with the second wavelength.

[0053] The modulation and splitting subunit 112 is con-
figured to modulate the direct current optical signal with the
second wavelength in the optical signal to be modulated to
obtain the modulated optical signal with the second wave-
length.

[0054] The interface subunit 113 is configured to take the
direct current optical signal with the first wavelength and the
modulated optical signal with the second wavelength as the
optical signal in the first direction, send the optical signal in
the first direction to the second device 20, and receive the
optical signal in the second direction from the second device
20 and send the optical signal in the second direction to the
first coherent receiver 12.

[0055] In the embodiments of the disclosure, the optical
signal in the first direction adopts optical signals of two
wavelengths, one of which can be used for modulation while
the other of which (the direct current light) can be directly
used as the LO light. Compared with a single wavelength
based upstream and downstream scheme, the scheme in the
embodiments can avoid the use of a complex device for
erasing modulation data.

[0056] With reference to FIG. 5, in an embodiment, the
first optical transmitter 111 includes a dual-wavelength laser
1111. The dual-wavelength laser 1111 is configured to gen-
erate the optical signal to be modulated.

[0057] The light emitted by the dual-wavelength laser
1111 includes signals of two wavelengths with a constant
frequency difference. If the environment changes, the two
wavelengths change simultaneously, but the frequency dif-
ference remains constant.
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[0058] Because the two wavelengths in the optical signal
in the first direction originate from the same laser, the
frequency difference is constant and adjustable. As such,
there is no need to continuously adjust the wavelength of the
LO light with the change of environment and temperature,
which reduces the complexity of the system implementation
and operation and is conducive to realizing scale applica-
tions. The laser may be realized by using, but not limited to,
a Distributed Feedback Laser (DFB) based on an adjustable
sampling grating period. Alternatively, the laser may be
realized by using, but not limited to, a dual-wavelength
semiconductor laser based on a V-type coupled cavity.
[0059] With reference to FIG. 5, in an embodiment, the
modulation and splitting subunit 112 includes a first splitter
1121, a first optical modulator 1122 and a combiner 1123
that are connected successively.

[0060] The first splitter 1121 is configured to split the
optical signal to be modulated into two beams, one of which
is the direct current optical signal with the first wavelength
and the other of which is the direct current optical signal
with the second wavelength, send a part of the beam of the
direct current optical signal with the first wavelength to the
first coherent receiver 12 and send the other part of the beam
of the direct current optical signal with the first wavelength
to the combiner 1123, and send the beam of the direct current
optical signal with the second wavelength to the first optical
modulator 1122.

[0061] The first optical modulator 1122 is configured to
modulate the received direct current optical signal with the
second wavelength to obtain the modulated optical signal
with the second wavelength, and send the modulated optical
signal with the second wavelength to the combiner 1123.
[0062] The combiner 1123 is configured to combine the
received direct current optical signal with the first wave-
length and the modulated optical signal with the second
wavelength into one beam, and send the combined beam to
the interface subunit 113.

[0063] The first splitter 1121 and the combiner 1123 may
be implemented by the same device, and may realize an
optical demultiplexing/multiplexing function. The first split-
ter 1121 and the combiner 1123 may be realized by using an
Arrayed Waveguide Grating (AWG) or through a micro-ring
resonator or other structures.

[0064] The first optical modulator 1122 may realize the
modulation of the optical signal in the first direction, and
may be realized by using, but not limited to, an Electricity
Absorb (EA) modulator, a Mach-Zehnder (MZ) modulator,
a micro-ring resonator, etc. During practical implementa-
tion, different optical modulators may be selected according
to modulation formats required by the system.

[0065] With reference to FIG. 5, in an embodiment, the
interface subunit 113 may include an optical circulator 1131.
[0066] With reference to FIG. 5, the operating process of
the coherent detection implementing apparatus is described
below. The dual-wavelength laser 1111 emits an optical
signal including two wavelengths A1 and A2, and the fre-
quency difference between Al and A2 remains constant. The
optical signal emitted by the dual-wavelength laser 1111 is
split by the first splitter 1121 into an optical signal with the
wavelength A1 and an optical signal with the wavelength A2.
The first optical modulator 1122 loads a modulation signal
onto the optical signal with the wavelength A2 to output
modulated signal light with the wavelength A2(S). The
optical signal with the wavelength A1 may be split into two
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parts by a power splitter. One part of the optical signal with
the wavelength A1 serves as an LO light A1(LO) for coherent
reception in the second direction, and the other part of the
optical signal with the wavelength A1 and the modulated
signal light A2(S) are combined into an optical signal (that
is, the optical signal in the first direction) by the combiner
1123. The optical signal in the first direction is output after
passing through the optical circulator 1131, and is sent to the
second device 20 after entering the optical fiber link 30 for
transmission and power distribution.

[0067] After the optical signal A1(S) in the second direc-
tion (represented by the dashed arrow) reaches the first
device 10 through the optical fiber link 30, the optical signal
A(S) in the second direction is input into the first coherent
receiver 12 through the optical circulator 1131. The optical
signal A1(S) in the second direction may be input into the
first coherent receiver 12 together with the LO light A1(LO)
to realize the coherent reception of the optical signal in the
second direction.

[0068] With reference to FIG. 6, in an embodiment, the
first optical transmitter 111 includes a single-wavelength
laser 1112, a radio frequency source 1113 and a second
optical modulator 1114. The single-wavelength laser 1112 is
connected with the second optical modulator 1114, and the
second optical modulator 1114 is connected with the radio
frequency source 1113 and the modulation and splitting
subunit 112 respectively.

[0069] The single-wavelength laser 1112 is configured to
generate a single-wavelength optical signal and send the
single-wavelength optical signal to the second optical modu-
lator 1114.

[0070] The second optical modulator 1114 is configured to
modulate the single-wavelength optical signal under the
drive of the radio frequency source 1113 to generate the
optical signal to be modulated, and send the optical signal to
be modulated to the modulation and splitting subunit 112.
[0071] In the present embodiment, the first optical trans-
mitter 111 is based on a common single-wavelength laser.
The single-wavelength laser 1112 may be realized by using,
but not limited to, a common DFB laser, an External Cavity
Laser (ECL), and a Fabry-Perot (FP) laser.

[0072] The second optical modulator 1114 mainly realizes
a function of generating multiple wavelengths under the
drive of a radio frequency signal. The second optical modu-
lator 1114 may be realized through, but not limited to, an
intensity modulator, a phase modulator, or an In-phase
Quadrature (IQ) modulator. In practical application, the
number and interval of generated wavelengths may be
adjusted by changing the frequency and waveform of the
radio frequency signal, an offset point of the second optical
modulator 1114, a driving voltage or other factors, so as to
obtain different frequency components.

[0073] Iftwo or more than two wavelengths are generated
by the second optical modulator 1114, a tunable filter 1115
may be used to obtain the two wavelengths A1 and A2. With
reference to FIG. 6, in another embodiment, the first optical
transmitter 111 includes a single-wavelength laser 1112, a
radio frequency source 1113, a second optical modulator
1114 and a tunable filter 1115. The single-wavelength laser
1112 is connected with the second optical modulator 1114,
the second optical modulator 1114 is connected with the
radio frequency source 1113 and the tunable filter 1115
respectively, and the tunable filter 1115 is connected with the
modulation and splitting subunit 112.
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[0074] The single-wavelength laser 1112 is configured to
generate a single-wavelength optical signal and send the
single-wavelength optical signal to the second optical modu-
lator 1114.

[0075] The second optical modulator 1114 is configured to
modulate the single-wavelength optical signal under the
drive of the radio frequency source 1113 to generate the
optical signal with the two or more than two wavelengths
including the direct current optical signal with the first
wavelength and the direct current optical signal with the
second wavelength.

[0076] The tunable filter 1115 is configured to filter the
optical signal with the two or more than two wavelengths to
obtain the optical signal to be modulated, and send the
optical signal to be modulated to the modulation and split-
ting subunit 1112.

[0077] With reference to FIG. 6, the operating process of
the coherent detection implementation device is described
below. The single-wavelength laser 1112 emits an optical
signal with the wavelength A to be input into the second
optical modulator 1114. The second optical modulator 1114
generates, under the drive of the radio frequency signal, an
optical signal including two wavelengths A1 and A2 with a
known frequency difference (or the second optical modula-
tor 1114 generates, under the drive of the radio frequency
signal, an optical signal with multiple (more than or equal to
two) wavelengths, and then the optical signal including two
wavelengths A1 and A2 with a known frequency difference
is obtained through the tunable filter 1115). Then the optical
signal is split by the first splitter 1121 into two optical
signals with the wavelengths A1 and A2. The first optical
modulator 1122 loads a modulation signal onto the optical
signal with the wavelength A2 to output the modulated
signal light with the wavelength A2(S). The optical signal
with the wavelength A1 may be split into two parts by a
power splitter. One part of the optical signal with the
wavelength A1 serves as an LO light for coherent reception
A1(LO) in the second direction, and the other part of the
optical signal with the wavelength A1 and the modulated
signal light A2(S) are combined into an optical signal (that
is, the optical signal in the first direction) by the combiner
1123. The optical signal in the first direction is output after
passing through the optical circulator 1131, and is sent to the
second device 20 after entering the optical fiber link 30 for
transmission and power distribution.

[0078] After the optical signal A1(S) in the second direc-
tion reaches the first device 10 through the optical fiber link
30, the optical signal A1(S) in the second direction is input
into the first coherent receiver 12 through the optical circu-
lator 1131. The optical signal A1(S) in the second direction
may be input into the first coherent receiver 12 together with
the LO light A1(LO) to realize the coherent reception of the
optical signal in the second direction.

[0079] As shown in FIG. 7, in an embodiment, the first
transceiver unit 11 may further include a polarization rotator
114.

[0080] The polarization rotator 114 is respectively con-
nected with the first coherent receiver 12 and the interface
subunit 113, and is configured to perform polarization con-
version on the optical signal in the second direction, and
send the optical signal in the second direction to the first
coherent receiver 12.

[0081] When the optical signal in the second direction is
polarized at the second device, polarization conversion may
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be performed to the received optical signal in the second
direction through the polarization rotator 114, so that polar-
ization states of the LO light and the optical signal in the
second direction are made the same.

[0082] In another embodiment, when the optical signal in
the second direction is polarized at the second device, the
first device 10 does not polarize the received optical signal
in the second direction, but polarizes the LO light instead,
which may also make the polarization states of the LO light
and the optical signal in the second direction the same. In the
present embodiment, the polarization rotator 114 is between
the modulation and splitting subunit 112 and the first coher-
ent receiver 12, and is configured to polarize the LO light
output by the modulation and splitting subunit 112.

[0083] With reference to FIG. 3, FIG. 5, FIG. 6 and FIG.
7, the first coherent receiver 12 may realize the coherent
reception of the optical signal in the second direction, so as
to improve the reception sensitivity of the second direction.
Because the polarization state of the optical signal in the
second direction may change after the optical signal in the
second direction passes through the optical fiber link 30 (for
example, the ODN) and the optical circulator, the first
coherent receiver 12 may respectively receive two polariza-
tion state components of the optical signal in the second
direction based on a polarization diversity structure com-
monly used in the field of optical communications. Because
the LO light for coherent reception at the first device 10 is
generated from the laser in the first optical transmitter 111,
the expensive LO laser is saved, which reduces the cost of
the device. In addition, because the wavelength of both the
signal light and the LO light is 2\1, it is easier to achieve zero
difference reception, and the complexity of DSP algorithm is
reduced, the system is simple and easy to be realized.
[0084] The first coherent receiver 12 may also be based on
the structure of other coherent receivers that are not sensitive
to the polarization of the signal light and the LO light.
Taking coherent reception of an intensity modulated signal
as an example, with reference to FIG. 8, in an embodiment,
the first coherent receiver 12 includes: a first optical coupler
121, a polarization splitter 122, a first photoelectric detector
123, a second photoelectric detector 124 and a signal pro-
cessing module 125. The polarization splitter 122 is respec-
tively connected with the first optical coupler 121, the first
photoelectric detector 123 and the second photoelectric
detector 124. The signal processing module 125 is respec-
tively connected with the first photoelectric detector 123 and
the second photoelectric detector 124.

[0085] The first optical coupler 121 is configured to per-
form coherent frequency mixing between the LO light and
the optical signal in the second direction to generate a
frequency mixed optical signal. The polarization splitter 122
is configured to split the frequency mixed optical signal into
polarization optical signals in two directions, send the polar-
ization optical signal in X direction to the first photoelectric
detector 123, and send the polarization optical signal in Y
direction to the second photoelectric detector 124. The first
photoelectric detector 123 is configured to convert the
polarization optical signal in the X direction into a first
electrical signal, and send the first electrical signal to the
signal processing module 125. The second photoelectric
detector 124 is configured to convert the polarization optical
signal in the Y direction into a second electrical signal, and
send the second electrical signal to the signal processing
module 125. The signal processing module 125 is configured
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to perform Digital Signal Processing (DSP) to the first
electrical signal and the second electrical signal to demodu-
late the optical signal in the second direction.

[0086] In the present embodiment, compared with the
coherent receiver of polarization diversity, the first coherent
receiver 12 which is polarization-insensitive may realize
polarization-insensitive reception of the intensity modulated
signal by using several simple components shown in FIG. 8.
The first optical coupler 121 performs frequency mixing to
the signal light and the LO light, which may be realized by
using, but not limited to, a 3dB coupler. The signal process-
ing module 125 may perform square rate detection, filtering
and addition to two electrical signals that are output by the
first photoelectric detector 123 and the second photoelectric
detector 124 respectively, so as to realize demodulation of
the modulated signal. The signal processing module 125
may be implemented based on, but not limited to, signal
processing in an analog domain, or based on a simple DSP
algorithm. The first coherent receiver 12 adopts the structure
of polarization-insensitive coherent receiver, and may real-
ize correct coherent reception and demodulation of the
optical signal in the second direction without using the
polarization diversity structure and complex DSP algorithm,
which greatly reduces the complexity of the component and
further reduces the cost of device.

[0087] For the second device 20, as shown in FIG. 9, a
coherent detection implementing apparatus that is in the
second device 20 includes: a second transceiver unit 21 and
a second coherent receiver 22. The second transceiver unit
21 is configured to receive an optical signal in a first
direction from the first device 10, wherein the optical signal
in the first direction includes a direct current optical signal
with a first wavelength and a modulated optical signal with
a second wavelength. The second coherent receiver 22 is
connected with the second transceiver unit 21, and is con-
figured to take a part of the direct current optical signal with
the first wavelength as an LO light for coherent reception,
perform coherent frequency mixing between the LO light
and the modulated optical signal with the second wave-
length, and demodulate the modulated optical signal with
the second wavelength.

[0088] In the embodiments of the disclosure, the cost and
complexity of coherent detection are reduced by saving an
LO laser used for coherent reception.

[0089] Inanembodiment, the second transceiver unit 21 is
further configured to modulate the other part of the direct
current optical signal with the first wavelength to generate a
modulated optical signal with the first wavelength, and send
the modulated optical signal with the first wavelength to the
first device 10 as the optical signal in the second direction.
[0090] In the embodiments of the disclosure, there is no
need to configure an additional laser used for emitting the
optical signal in the second direction, which greatly reduces
the cost of the system.

[0091] As shown in FIG. 10, in an embodiment, the
second transceiver unit 21 includes: a transceiver subunit
211 and a second optical transmitter 212 that are connected.
The transceiver subunit 211 is configured to receive the
optical signal in the first direction from the first device 10,
send a part of the direct current optical signal with the first
wavelength to the second coherent receiver 22, send the
other part of the direct current optical signal with the first
wavelength to the second optical transmitter 212, receive the
modulated optical signal with the first wavelength sent by
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the second optical transmitter 211, and send the modulated
optical signal with the first wavelength to the first device 10.
The second optical transmitter 212 is configured to modulate
the other part of the direct current optical signal with the first
wavelength to generate the modulated optical signal with the
first wavelength.

[0092] Reference to FIG. 11, in an embodiment, the trans-
ceiver subunit 211 includes a signal splitting and amplifi-
cation module 2111. The signal splitting and amplification
module 2111 includes a second splitter 21111 and an optical
amplifier 21112 that are connected. The second splitter
21111 is configured to split the optical signal in the first
direction into two beams, one of which is the direct current
optical signal with the first wavelength and the other of
which is the modulated optical signal with the second
wavelength, send the direct current optical signal with the
first wavelength to the optical amplifier 21112, and send the
modulated optical signal with the second wavelength to the
second coherent receiver 22. The optical amplifier 21112 is
configured to perform power amplification to the direct
current optical signal with the first wavelength, send a part
of the direct current optical signal with the first wavelength
to the second coherent receiver 22 as the LO light for
coherent reception, and output the other part of the direct
current optical signal with the first wavelength to the second
optical transmitter 212.

[0093] With reference to FIG. 12, in another embodiment,
the positions of the second splitter 21111 and the optical
amplifier 21112 in the transceiver subunit 211 may be
exchanged. In such a case, the optical signal in the second
direction is first amplified and then split. The optical ampli-
fier 21112 is configured to perform power amplification to
the optical signal in the first direction, and output the
amplified optical signal in the first direction to the second
splitter 21111. The second splitter 21111 is configured to
split the amplified optical signal in the first direction into two
beams, one of which is the direct current optical signal with
the first wavelength and the other of which is the modulated
optical signal with the second wavelength, output a part of
the direct current optical signal with the first wavelength to
the second coherent receiver 22 as the LO light for coherent
reception, output the other part of the direct current optical
signal with the first wavelength to the second optical trans-
mitter 212, and output the modulated optical signal with the
second wavelength to the second coherent receiver 22.
[0094] In the embodiments of FIG. 11 and FIG. 12, after
the signal splitting and amplification module 2111 performs
power amplification to the modulated optical signal with the
first wavelength generated by the second optical transmitter
212, the modulated optical signal with the first wavelength
is output to the first device 10.

[0095] The second splitter 21111 may realize an optical
demultiplexing function, and may be realized by, but not
limited to, an AWG, a micro-ring resonator or other struc-
tures.

[0096] The optical amplifier 21112 may realize a function
of power amplification of light, and may be realized by, but
not limited to, a Semiconductor Optical amplifier (SOA) or
an Erbium Doped Fiber Amplifier (EDFA).

[0097] With reference to FIG. 11, the working process for
the second device 20 is described below. After the optical
signal in the first direction (represented by the solid arrow)
transmitted and distributed through the optical fiber link 30
reaches a certain second device, two optical signals with the
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wavelengths A1 and A2 are separated through the second
splitter 21111. The optical signal with the wavelength A2(S)
is input into the second coherent receiver 22. After the power
of the optical signal with the wavelength A1 is amplified by
the optical amplifier 21112, the optical signal with the
wavelength A1 is divided into two parts by the power
splitter. One part, serving as the LO light A1(LO), is input
into the second coherent receiver 22 along with the second
wavelength optical signal A2(S) to realize the coherent
reception of the optical signal in the first direction. The other
part of the amplified Al signal is input into the second
optical transmitter 212. After loading the modulation signal
to the A1, a A1(S) signal light is output into the optical
amplifier 21112 (represented by the dashed arrow). The
AM(S), the power of which is amplified in the optical
amplifier 21112, is input into the optical fiber link 30 through
the second splitter 21111, so as to achieve the sending and
transmission of the optical signal in the second direction.

[0098] With reference to FIG. 12 for the second device 20
is described below. The first optical signal transmitted and
distributed through the optical fiber link 30 first passes
through the optical amplifier 21112, and power amplification
is performed to both A1 and A2(S). After that, two optical
signals with the wavelengths A and A2 are separated through
the second splitter 21111. The optical signal with the wave-
length A2(S) is input into the second coherent receiver 22.
The optical signal with the wavelength Al is divided into
two parts by the power splitter. One part, serving as the LO
light, is input into the second coherent receiver 22 along
with A2(S) to realize the coherent reception of the optical
signal in the first direction. The other part of the amplified
21 signal is input into the second optical transmitter 212.
After loading the modulation signal to the A1, a A1(S) signal
light is input into the optical amplifier 21112 through the
second splitter 21111. The A1(S), the power of which is
amplified in the optical amplifier 21112, is input into the
optical fiber link 30, so as to achieve the sending and
transmission of the optical signal in the second direction.

[0099] As shown in FIG. 13, in an embodiment, the
transceiver subunit 211 may further include: a first interface
module 2112 and a second interface module 2113. The first
interface module 2112 is configured to output the optical
signal in the first direction to the signal splitting and ampli-
fication module 2111, and send the modulated optical signal
with the first wavelength to the first device 10 as the optical
signal in the second direction. The second interface module
2113 is configured to output the direct current optical signal
with the first wavelength output by the signal splitting and
amplification module 2111 to the second optical transmitter
212, and output the modulated optical signal with the first
wavelength output by the second optical transmitter 212 to
the first interface module 2112.

[0100] In an embodiment, both the first interface module
2112 and the second interface module 2113 include the
optical circulator.

[0101] The difference between FIG. 12 and FIG. 13 is that
the modulated signal A1(S) output by the second optical
transmitter 212 in FIG. 13 is not amplified by an additional
optical amplifier, and the modulated signal A1(S) may be
input into the optical fiber link 30 through two optical
circulators to achieve the sending and transmission of the
optical signal in the second direction.
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[0102] With reference to FIG. 14(a), the second optical
transmitter 212 includes a third optical modulator 2121,
which may be a reflective optical modulator.

[0103] The reflective optical modulator may realize func-
tions of modulating the optical signal with the first wave-
length and reflecting the modulated optical signal with the
first wavelength back to the same input optical fiber. The
reflective optical modulator may be realized by, but not
limited to, an EA modulator with a high reflectivity coating
or other reflector structures. In the implementation of the
reflective optical modulator, different optical modulators are
selected according to modulation formats required by the
system. An SOA may also be integrated in the reflective
optical modulator to amplify the modulated signal. The use
of the reflective optical modulator may save the laser used
for emitting the optical signal in the second direction at the
second device, thereby reducing the cost of device at the
second device.

[0104] With reference to FIG. 14(5), in an embodiment,
the second optical transmitter 212 may also include an FP
laser 2122. The FP laser 2122 is an injection-locked laser,
which is configured to perform regenerative amplification to
an input optical signal according to a frequency of the input
direct current optical signal with the first wavelength.

[0105] The third optical modulator 2121 is respectively
connected with the FP laser 2122 and the transceiver subunit
211, and is configured to modulate the amplified direct
current optical signal with the first wavelength and output
the modulated optical signal with the first wavelength.

[0106] In the present embodiment, the light generated by
the injection-locked FP laser is modulated by the third
modulator 2121 into the modulated optical signal with the
first wavelength A1(S).

[0107] In the present embodiment, the third optical modu-
lator 2121 may be realized by using, but not limited to, the
EA modulator, the MZ modulator, the micro-ring resonator,
etc. In practical implementation of the third optical modu-
lator 2121, different optical modulators may be selected
according to modulation formats required by the system.

[0108] The embodiment shown in FIG. 14(b) is more
suitable for use in combination with the embodiment shown
in FIG. 12.

[0109] With reference to FIG. 14(c), based on the embodi-
ment shown in FIG. 14(a), the second optical transmitter
212 may further include a Faraday Rotator Mirror (FRM)
2123.

[0110] The FRM 2123 is connected with the third optical
modulator 2121, and is configured to polarize the modulated
optical signal with the first wavelength output by the third
optical modulator 2121, and output the polarized modulated
optical signal with the first wavelength to the third optical
modulator 2121.

[0111] In the present embodiment, the FRM 2123 is inte-
grated following the reflective optical modulator. By virtue
of the effect of the FRM, after the first Faraday rotation, the
polarization state of the optical signal rotates 45°, and after
the reflection of the mirror and the second Faraday rotation,
the polarization state may rotate 45° in the same direction
again. Therefore, there will be a 90° rotation between the
polarization state of the optical signal input into the FRM
and the polarization state of the optical signal output from
the FRM.
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[0112] The second device 20 in the embodiment shown in
FIG. 14(c) is used in combination with the first device 10 in
the embodiment shown in FIG. 7.

[0113] With reference to FIG. 9, the second coherent
receiver 22 can realize the coherent reception of the optical
signal in the first direction, so as to improve the reception
sensitivity in the first direction. Because the signal light and
the LO light input into the second coherent receiver 22
originate from the same source and are transmitted through
the same optical fiber, the polarization states of the signal
light and the LO light are consistent. Therefore, the correct
coherent reception and demodulation of the optical signal in
the first direction can be realized without using the polar-
ization diversity structure, thereby reducing the complexity
of component by half.

[0114] If the optical signal in the first direction is modu-
lated by Quadrature Phase Shift Keying (QPSK) (the optical
signal is not limited to be modulated according to this
modulating format), then the second coherent receiver 22
may adopt the structure shown in FIG. 15. The structure
includes a 90 degree frequency mixer (90° frequency mixer)
221 and two pairs of balance detectors 222. The 90° fre-
quency mixer 221 is configured to perform coherent fre-
quency mixing between the LO light and the modulated
optical signal with the second wavelength, and output the
signal obtained by the coherent frequency mixing to the two
pairs of balance detectors 222 respectively. The two pairs of
balance detectors 222 are configured to demodulate the
signal obtained by the coherent frequency mixing. Com-
pared with the polarization diversity structure, the second
coherent receiver 22 only needs to perform mixing and
detection in one polarization direction, thereby saving a half
of the components and reducing the complexity and cost of
the second device. In addition, because there are a known
frequency difference and a constant phase difference
between Al and A2, the complexity of the DSP algorithm
after coherent reception may be simplified, and the system
is simple and easy to be realized.

[0115] With reference to FIG. 16, if amplitude modulation
is used directly, the structure of the second coherent receiver
22 may be further simplified. For example, correct coherent
reception and demodulation may be realized by using only
a 2x2 coupler and a pair of balance detectors. In the present
embodiment, the second coherent receiver 22 includes: a
second optical coupler 223 and a pair of balance detectors
222. The second optical coupler 223 is configured to per-
form coherent frequency mixing between the LO light and
the modulated optical signal with the second wavelength,
and output the signal obtained by the coherent frequency
mixing to the pair of balance detectors 222 respectively. The
pair of balance detectors 222 is configured to respectively
demodulate the signal obtained by the coherent frequency
mixing.

[0116] In another embodiment, the second coherent
receiver 22 may also adopt the polarization-insensitive or
polarization diversity structure of the low cost coherent
receiver provided in FIG. 8. In the present embodiment, the
second coherent receiver 22 includes a first optical coupler
121, a polarization splitter 122, a first photoelectric detector
123, a second photoelectric detector 124 and a signal pro-
cessing module 125. The polarization splitter 122 is respec-
tively connected with the first optical coupler 121, the first
photoelectric detector 123 and the second photoelectric
detector 124. The signal processing module 125 is respec-
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tively connected with the first photoelectric detector 123 and
the second photoelectric detector 124. The first optical
coupler 121 is configured to perform coherent frequency
mixing between the LO light and the modulated optical
signal with the second wavelength to generate a frequency
mixed optical signal. The polarization splitter 122 is con-
figured to split the frequency mixed optical signal into
polarization optical signals in two directions, send the polar-
ization optical signal in X direction to the first photoelectric
detector 123, and send the polarization optical signal in Y
direction to the second photoelectric detector 124. The first
photoelectric detector 123 is configured to convert the
polarization optical signal in the X direction into a first
electrical signal, and send the first electrical signal to the
signal processing module 125. The second photoelectric
detector 124 is configured to convert the polarization optical
signal in the Y direction into a second electrical signal, and
send the second electrical signal to the signal processing
module 125. The signal processing module 125 is configured
to perform DSP to the first electrical signal and the second
electrical signal to demodulate the modulated second wave-
length signal.

[0117] Because the LO light for coherent reception at the
second coherent receiver 22 originates from the laser in the
first device, the expensive LO laser is saved, which further
reduces the cost of the second device.

[0118] With reference to FIG. 17, the technical solution of
the embodiments of the disclosure will be described in detail
by taking the application to a PON system as an example.
The PON system includes: a local OLT device, a terminal
ONU device, and an ODN.

[0119] The OLT device sends a downstream optical signal.
The downstream optical signal includes two wavelengths.
The optical signal with the wavelength A2(S) is the modu-
lated optical signal, while the optical signal with the wave-
length A1 is the direct current light. Before the downstream
optical signal is output, the modulation and splitting subunit
112 in the OLT separates a part of the direct current light to
be used as the LO light A1(LO) for coherent reception at the
OLT. The downstream optical signal reaches a certain ONU
through an optical divider in the ODN, and the downstream
modulated signal A2(S) is obtained after filtering by the
transceiver subunit 211. After the direct current light with
the wavelength 21 is amplified by the optical amplifier in the
transceiver subunit 211, a part of the optical power light is
used as the LO light A1(LLO), and the LO light A1(LO) is
input, together with the modulated optical signal A2(S), into
the second coherent receiver 22 for coherent frequency
mixing and photoelectric conversion, so as to realize the
coherent reception of the downstream signal. The other part
of the direct current light with the wavelength 21 enters the
second optical transmitter 212 for modulation and reflection
processing, so as to obtain an upstream modulated signal
A(S). The upstream modulated signal A1(S) then enters the
ODU for transmission. After the upstream signal light A1(S)
reaches the OLT, the upstream signal light A1(S), after
passing through the interface subunit 113, is subjected to
coherent frequency mixing with the LO light A1(LO) output
by the first optical transmitter 111 through the modulation
and splitting subunit 112, so as to realize the coherent
reception of the upstream signal.

[0120] On the premise of ensuring OLT output signals and
ONU input signals in FIG. 10, the OLT as the first device in
FIG. 3 to FIG. 8 and the ONU as the second device in FIG.
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9 and FIG. 10 can be combined freely and work together
with the ODN, so as to form a PON system for coherent
reception.

[0121] Inthe PON system for coherent reception with low
cost provided by the application example of the disclosure,
the LO light for coherent reception of the upstream and
downstream signals originates from the laser at the OLT,
which avoids the use of expensive high-precision tunable
lasers at the OLT and the ONU. In addition, the upstream
modulated signal may be obtained by performing modula-
tion, reflection, amplification and other processing to a
downstream direct current signal, thereby saving the laser
used for emitting the upstream signal at the ONU, and
greatly reducing the cost of the device at the ONU. Two
wavelengths are used in the downstream direction, wherein
the signal of one wavelength is modulated, while the direct
current signal of the other wavelength may directly serve as
the LO light after passing the optical amplifier. Compared
with the upstream and downstream scheme adopting a single
wavelength, the scheme in the embodiments can avoid the
use of a complex device for erasing modulation data. In
addition, because the signal light and the LO light input into
the coherent receiver at the ONU originate from the same
source and are transmitted through the same optical fiber, the
polarization states of the signal light and the LO light are
consistent. Therefore, the correct coherent reception and
demodulation of the downstream optical signal may be
realized without using the polarization diversity structure,
thereby reducing the complexity of component by half. In
addition, the two wavelengths in the downstream optical
signal originate from the same laser, the frequency differ-
ence is constant and adjustable, there is no need to continu-
ously adjust the wavelength of the LO light with the change
of environment and temperature, which reduces the com-
plexity of the system implementation and DSP algorithm
and is conducive to realizing scale applications. In an
upstream direction, because the LO light for coherent recep-
tion at the OLT originates from the laser at an emitting end,
the expensive high-precision LO laser is saved, which
reduces the cost of the device at the OLT. The coherent
reception of the upstream signal may also adopt the simpli-
fied structure of the coherent receiver, thereby reducing the
complexity and cost of the component. In addition, because
the signal light and the LO light have the same wavelength,
it is easier to achieve zero difference reception, and the
complexity of DSP algorithm is reduced, the system is
simple and easy to be realized.

[0122] With reference to FIG. 18 that is an architecture
diagram of a PON system provided by application example
of the disclosure. The PON system includes: a local OLT
device, a terminal ONU device, and an ODN.

[0123] The OLT device sends the downstream optical
signal. The downstream optical signal includes two wave-
lengths. One wavelength A2(S) is the modulated optical
signal, while the other wavelength Al is the direct current
light. Before the downstream optical signal is output, the
modulation and splitting subunit 112 in the OLT separates a
part of the direct current light to be used as the LO light
A1(LO) for coherent reception at the OLT. The downstream
optical signal reaches a certain ONU through an optical
divider in the ODN, and the downlink modulation signal
A2(S) is obtained after filtering by the transceiver subunit
211. After the direct current light with the wavelength Al is
amplified by the optical amplifier in the transceiver subunit

Oct. 14, 2021

211, a part of the optical power light is used as the LO light
A(LO), and the LO light A1(LO) is input, together with the
modulated optical signal A2(S), into the second coherent
receiver 22 for coherent frequency mixing and photoelectric
conversion, so as to realize the coherent reception of the
downstream signal.

[0124] The other part of the direct current light with the
wavelength A1 enters the second optical transmitter 212
(including the third optical modulator 2121 and the FRM
2123) for modulation and reflection processing, so as to
obtain the upstream modulated signal A1(S). The upstream
modulated signal A1(S) then enters the ODU for transmis-
sion. After the upstream signal light A1(S) reaches the OLT,
the upstream signal light A1(S), after passing through the
interface subunit 113 and the polarization rotator 114, is
subjected to coherent frequency mixing with the LO light
A(LO) output by the first optical transmitter 111 through the
modulation and splitting subunit 112, so as to realize the
coherent reception of the upstream signal.

[0125] The second optical transmitter 212 in the ONU
device of the application example adopts the form shown in
FIG. 14(c), that is, an FRM is integrated behind the reflec-
tive optical modulator. By virtue of the effect of the FRM,
after the first Faraday rotation, the polarization state of the
optical signal rotates 45°, and after the reflection of the
mirror and the second Faraday rotation, the polarization
state may rotate 45° in the same direction again. Therefore,
there will be a 90° rotation between the polarization state of
the optical signal input into the FRM and the polarization
state of the optical signal output from the FRM. From the
perspective of the OLT end, the polarization state of A1(LO)
may deflect after A1(LO) is transmitted through the optical
fiber link and may rotate 90° after A1(LLO) passes through the
FRM, and then A1(LLO) changes to A1(S) after reflective
modulation. After A1(S) is transmitted through the same
optical fiber link, the polarization rotation caused by the
transmission in the optical fiber link may be canceled.
Therefore, when the effect of the optical modulator on the
polarization state is ignored, the polarization states of
AM(LO) and A1(S) that are coherently received at the OLT
end becomes nonrandom, and the polarization states of
AM(LO) and A1(S) are perpendicular to each other. There-
fore, the polarization rotator 114 at the OLT end may be used
to perform polarized rotation to A1(S) or A1(LO) to ensure
that the polarization states of A1(S) and A1(LO) entering the
coherent receiver are the same. In this way, the first coherent
receiver 12 at the OLT end can realize the correct coherent
reception and demodulation of the upstream signal light
without using the polarization diversity structure, which
reduces the complexity of component by half, and further
reduces the cost of the device at the OLT end. It is to be
noted that if the device at the ONU end adopts a structure
with the characteristic of the FRM, then the OLT end can
choose the polarization rotator to cooperate with the ONU
end for correct coherent reception.

[0126] For the first device end, as shown in FIG. 19, the
coherent detection implementing method of the disclosure
includes the following operations.

[0127] At S401, the first device sends an optical signal in
a first direction to the second device, wherein the optical
signal in the first direction includes a direct current optical
signal with a first wavelength and a modulated optical signal
with a second wavelength.
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[0128] At S402, the first device receives an optical signal
in a second direction from the second device, takes a part of
the direct current optical signal with the first wavelength in
the optical signal in the first direction as an LO light for
coherent reception, performs coherent frequency mixing
between the LO light and the optical signal in the second
direction, and demodulates the optical signal in the second
direction. The optical signal in the second direction includes
a modulated optical signal with the first wavelength.

[0129] In the embodiments of the disclosure, the cost and
complexity of coherent detection are reduced by saving an
LO laser used for coherent reception.

[0130] As shown in FIG. 20, in an embodiment, before the
first device sends the optical signal in the first direction to
the second device, the method may further include the
following operations. At S501, an optical signal to be
modulated is generated, wherein the optical signal to be
modulated includes the direct current optical signal with the
first wavelength and the direct current optical signal with the
second wavelength. At S502, the direct current optical signal
with the second wavelength in the optical signal to be
modulated is modulated to obtain the modulated optical
signal with the second wavelength, and the direct current
optical signal with the first wavelength and the modulated
optical signal with the second wavelength are taken as the
optical signal in the first direction.

[0131] In the embodiments of the disclosure, the optical
signal in the second direction adopts optical signals of two
wavelengths, one of which can be used for modulation while
the other of which (the direct current light) can be directly
used as the LO light. Compared with a single wavelength
based upstream and downstream scheme, the scheme in the
embodiments can avoid the use of a complex device for
erasing modulation data.

[0132] In an embodiment, the optical signal to be modu-
lated may be generated in the following manner: the optical
signal to be modulated is generated directly; or a single-
wavelength optical signal is generated, and then the optical
signal to be modulated is generated based on the single-
wavelength optical signal.

[0133] The optical signal to be modulated may be directly
generated through the dual-wavelength laser; or the single-
wavelength optical signal may be generated through the
single-wavelength laser, and then the optical signal to be
modulated is generated based on the single-wavelength
optical signal.

[0134] The two wavelengths in the optical signal in the
first direction originate from the same laser, thereby having
constant and adjustable frequency difference. Therefore,
there is no need to continuously adjust the wavelength of the
LO light with the change of environment and temperature,
which reduces the complexity of the system implementation
and operation and is conducive to realizing scale applica-
tions.

[0135] In an embodiment, the optical signal to be modu-
lated may be generated based on the single-wavelength
optical signal in the following manner: the single-wave-
length optical signal is modulated to generate the optical
signal to be modulated; or the single-wavelength optical
signal is modulated to generate an optical signal with two or
more than two wavelengths including the direct current
optical signal with the first wavelength and the direct current
optical signal with the second wavelength, and the optical
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signal with the two or more than two wavelengths is filtered
to obtain the optical signal to be modulated.

[0136] Because the single-wavelength laser is commonly
used, the cost can be further reduced by using the single-
wavelength laser.

[0137] As shown in FIG. 21, in an embodiment, the
operation that the direct current optical signal with the
second wavelength in the optical signal to be modulated is
modulated to obtain the modulated optical signal with the
second wavelength, and the direct current optical signal with
the first wavelength and the modulated optical signal with
the second wavelength are taken as the optical signal in the
first direction may include the following operations. At
S601, the optical signal to be modulated is split into two
beams, one of which is the direct current optical signal with
the first wavelength and the other of which is the direct
current optical signal with the second wavelength.

[0138] At S602, the direct current optical signal with the
second wavelength is modulated to obtain the modulated
optical signal with the second wavelength.

[0139] At S603, the direct current optical signal with the
first wavelength and the modulated optical signal with the
second wavelength are combined into one beam as the
optical signal in the first direction.

[0140] The optical signal to be modulated may be split by
the splitter into two beams. The direct current optical signal
with the second wavelength may be modulated to obtain the
modulated optical signal with the second wavelength by the
optical modulator. The direct current optical signal with the
first wavelength and the modulated optical signal with the
second wavelength may be combined into one beam by the
combiner.

[0141] As shown in FIG. 22, in an embodiment, the
operation that a part of the direct current optical signal with
the first wavelength in the optical signal in the first direction
is taken as the LO light for coherent reception, perform
coherent frequency mixing between the LO light and the
optical signal in the second direction, and the optical signal
in the second direction is demodulated may include the
following operations.

[0142] At S701, a part of the direct current optical signal
with the first wavelength in the optical signal in the first
direction is taken as the LO light for coherent reception,
coherent frequency mixing is performed between the LO
light and the optical signal in the second direction to
generate a frequency mixed optical signal.

[0143] At S702, the frequency mixed optical signal is split
into polarization optical signals in two directions, the polar-
ization optical signals in the two directions are converted
into electrical signals, and DSP is performed to the electrical
signals to demodulate the optical signal in the second
direction.

[0144] The coherent receiver may adopt the structure of
polarization-insensitive coherent receiver, and may realize
correct coherent reception and demodulation of the optical
signal in the second direction without using the polarization
diversity structure and the complex DSP algorithm, which
greatly reduces the complexity of the component and further
reduces the cost of device.

[0145] In an embodiment, when the optical signal in the
second direction received by the first device is a polarized
optical signal, before performing coherent frequency mixing
between the LO light and the optical signal in the second
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direction, the method may further include that: the received
optical signal in the second direction is polarized.

[0146] The polarization rotator may be used to polarize the
received optical signal in the second direction, so that the
polarization states of the LO light and the optical signal in
the second direction entering the coherent receiver are the
same, and thus the coherent receiver may realize the correct
coherent reception and demodulation of the upstream signal
light without using the structure of the polarization diversity
coherent receiver. In this way, the solution can reduce the
complexity of component by half, and further reduce the
cost of the device at the OLT end.

[0147] For the second device, as shown in FIG. 23, the
coherent detection implementing method of the disclosure
includes the following operations.

[0148] At S801, the second device receives an optical
signal in a first direction from the first device, wherein the
optical signal in the first direction includes a direct current
optical signal with a first wavelength and a modulated
optical signal with a second wavelength.

[0149] At S802, the second device takes a part of the direct
current optical signal with the first wavelength as an LO
light for coherent reception, performs coherent frequency
mixing between the LO light and the modulated optical
signal with the second wavelength, and demodulates the
modulated optical signal with the second wavelength.
[0150] In the embodiments of the disclosure, the cost and
complexity of coherent detection are reduced by saving an
LO laser used for coherent reception.

[0151] As shown in FIG. 24, in an embodiment, the
method may further include the following operations.
[0152] At S803, the other part of the direct current optical
signal with the first wavelength is modulated to generate the
modulated optical signal with the first wavelength, and the
modulated optical signal with the first wavelength is sent to
the first device as the optical signal in the second direction.
[0153] In the embodiments of the disclosure, there is no
need to configure an additional laser used for emitting the
optical signal in the second direction, which greatly reduces
the cost of the system.

[0154] In an embodiment, before the second device takes
a part of the direct current optical signal with the first
wavelength as the LO light for coherent reception, the
method may further include the following operation:
[0155] power amplification is performed to the optical
signal in the first direction; or,

[0156] the optical signal in the first direction is split into
two beams, one of which is the direct current optical signal
with the first wavelength and the other of which is the
modulated optical signal with the second wavelength, and
power amplification is performed to the direct current opti-
cal signal with the first wavelength.

[0157] The optical signal in the first direction may be first
amplified, and then split by the splitter into the direct current
optical signal with the first wavelength and the modulated
optical signal with the second wavelength. Or, the optical
signal in the first direction may be first split into two beams
through the splitter, and then only the direct current optical
signal with the first wavelength is amplified.

[0158] In an embodiment, before the other part of the
direct current optical signal with the first wavelength is
modulated to generate the modulated optical signal with the
first wavelength, the method may further include the fol-
lowing operation:
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[0159] regenerative amplification is performed to the other
part of the direct current optical signal with the first wave-
length.

[0160] The regenerative amplification may be performed

to the other part of the direct current optical signal with the
first wavelength through the injection-locked FP laser.
[0161] In an embodiment, the operation that the second
device takes a part of the direct current optical signal with
the first wavelength as the LO light for coherent reception,
performs coherent frequency mixing between the LO light
and the modulated optical signal with the second wave-
length, and demodulates the modulated optical signal with
the second wavelength may include that:

[0162] a part of the direct current optical signal with the
first wavelength in the optical signal in the first direction is
taken as the LO light for coherent reception, coherent
frequency mixing is performed between the LO light and the
modulated optical signal with the second wavelength to
generate four or two frequency mixed optical signals; and

[0163] the four or two frequency mixed optical signals are
demodulated.
[0164] The signal light of the second device and the LO

light originate from the same laser, and thus the polarization
state of the LO light is consistent with that of the signal light.
Therefore, the correct coherent reception and demodulation
in the first direction can be realized without using the
polarization diversity structure, thereby reducing the com-
plexity and cost of the component. In addition, the coherent
reception of the correlated signal light and LO light can
effectively suppress the generation of phase noise, and the
frequency difference is known and the phase difference is
constant, so the back end of the coherent receiver has no
need to adopt a complex DSP algorithm, the system structure
is simple, and the cost is low.

[0165] In an embodiment, before the modulated optical
signal with the first wavelength is sent to the first device as
the optical signal in the second direction, the method may
further include that: the modulated optical signal with the
first wavelength is polarized.

[0166] The modulated optical signal with the first wave-
length may be polarized by the FRM, so that the LO light
entering the coherent receiver in the first device has the same
polarization state as the optical signal in the second direc-
tion, thus the coherent receiver no longer needs to adopt the
polarization diversity structure in coherent receiver.

[0167] For the coherent detection implementing system, as
shown in FIG. 25, the coherent detection implementing
method of the disclosure includes the following operations.
At S901, the first device sends an optical signal in a first
direction to the second device, wherein the optical signal in
the first direction includes a direct current optical signal with
a first wavelength and a modulated optical signal with a
second wavelength. At S902, the second device receives the
optical signal in the first direction from the first device, takes
a part of the direct current optical signal with the first
wavelength as an LO light for coherent reception, performs
coherent frequency mixing between the LO light and the
modulated optical signal with the second wavelength, and
demodulates the modulated optical signal with the second
wavelength.

[0168] In an embodiment, as shown in FIG. 26, the
method may further include the following operations.
[0169] At S903, the second device modulates the other
part of the direct current optical signal with the first wave-
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length to generate a modulated optical signal with the first
wavelength, and sends the modulated optical signal with the
first wavelength to the first device as the optical signal in the
second direction.

[0170] At S904, the first device receives the optical signal
in the second direction from the second device, takes a part
of the direct current optical signal with the first wavelength
in the optical signal in the first direction as the LO light for
coherent reception, performs coherent frequency mixing
between the LO light and the optical signal in the second
direction, and demodulates the optical signal in the second
direction.

[0171] In the embodiments of the disclosure, the LO light
for coherent reception in both directions originates from the
laser at the first device end, which avoids the use of
expensive high-precision tunable laser at both ends. More-
over, there is no need to configure an additional laser used
for emitting the optical signal in the second direction, which
greatly reduces the cost of the system.

[0172] For the coherent detection implementing system,
the coherent detection implementing method of the disclo-
sure may be implemented by referring to the above embodi-
ments, which will not be repeated here.

[0173] Those having ordinary skill in the art may under-
stand that all or some of the operations in the above method
disclosed, the system, the functional modules/units in the
device may be implemented as software, firmware, hardware
or a proper combination of software, firmware and hard-
ware. In an implementation of hardware, the division among
the functional modules/units mentioned in the above
description does not necessarily correspond to the division
of physical units. For example, one physical component may
have multiple functions, or a function or operation may be
performed by several physical components in coordination.
Some or all of the components may be implemented as
software performed by a processor, for example, a digital
signal processor or a microprocessor. Alternatively, some or
all of the components may be implemented as hardware, or
implemented as an integrated circuit, for example, an appli-
cation-specific integrated circuit. Such software may be
distributed on computer readable media. The computer
readable media may include computer storage media (or
non-transitory media) and communication media (or transi-
tory media). It is commonly known to those having ordinary
skill in the art that the term computer storage media include
volatile and non-volatile media, and removable and un-
removable media which are implemented in any method or
technology for storing information (such as a computer
readable instruction, a data structure, a program module or
other data). The computer storage media include, but not
limited to, an RAM, an ROM, an EEPROM, a flash memory
or other memory technologies, a CD-ROM, a Digital Video
Disk (DVD) or other optical storage, a cartridge, a tape, a
disk storage or other magnetic storage devices, or any other
media which can be used for storing expected information
and can be accessed by a computer. Moreover, it is com-
monly known to those having ordinary skill in the art that the
communication media generally include the computer read-
able instruction, the data structure, the program module or
other data, such as carriers or other transmission mecha-
nisms, in a modulation data signal, and may include any
information delivery media.
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INDUSTRIAL APPLICABILITY

[0174] Through the technical solutions of the embodi-
ments of the disclosure, the first device sends the optical
signal in the first direction to the second device, wherein the
optical signal in the first direction includes the direct current
optical signal with the first wavelength and the modulated
optical signal with the second wavelength; and the second
device receives the optical signal in the first direction from
the first device, takes a part of the direct current optical
signal with the first wavelength as the LO light for coherent
reception, performs coherent frequency mixing between the
LO light and the modulated optical signal with the second
wavelength, and demodulates the modulated optical signal
with the second wavelength. In the embodiments of the
disclosure, the cost and complexity of coherent detection are
reduced by saving an LO laser used for coherent reception.

1. A coherent detection implementing apparatus, compris-
ing:

a first transceiver unit, configured to send an optical signal
in a first direction to a second device, and receive an
optical signal in a second direction from the second
device, wherein the optical signal in the first direction
comprises a direct current optical signal with a first
wavelength and a modulated optical signal with a
second wavelength, and the optical signal in the second
direction comprises a modulated optical signal with the
first wavelength; and

a first coherent receiver, connected with the first trans-
ceiver unit, and configured to take a part of the direct
current optical signal with the first wavelength in the
optical signal in the first direction as a Local Oscillator
(LO) light for coherent reception, perform coherent
frequency mixing between the LO light and the optical
signal in the second direction, and demodulate the
optical signal in the second direction.

2. The apparatus as claimed in claim 1, wherein the first
transceiver unit comprises a first optical transmitter, a modu-
lation and splitting subunit and an interface subunit that are
connected successively, wherein

the first optical transmitter is configured to generate an
optical signal to be modulated, wherein the optical
signal to be modulated comprises the direct current
optical signal with the first wavelength and a direct
current optical signal with the second wavelength;

the modulation and splitting subunit is configured to
modulate the direct current optical signal with the
second wavelength in the optical signal to be modu-
lated to obtain the modulated optical signal with the
second wavelength; and

the interface subunit is configured to take the direct
current optical signal with the first wavelength and the
modulated optical signal with the second wavelength as
the optical signal in the first direction, and send the
optical signal in the first direction to the second device;
and

receive the optical signal in the second direction from the
second device and send the optical signal in the second
direction to the first coherent receiver.

3. The apparatus as claimed in claim 2, wherein the
modulation and splitting subunit comprises a first splitter, a
first optical modulator and a combiner that are connected
successively, wherein

the first splitter is configured to split the optical signal to
be modulated into two beams, one of which is the direct
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current optical signal with the first wavelength and the
other of which is the direct current optical signal with
the second wavelength, send a part of the beam of the
direct current optical signal with the first wavelength to
the first coherent receiver and send the other part of the
beam of the direct current optical signal with the first
wavelength to the combiner, and send the beam of the
direct current optical signal with the second wavelength
to the first optical modulator;
the first optical modulator is configured to modulate the
received direct current optical signal with the second
wavelength to obtain the modulated optical signal with
the second wavelength, and send the modulated optical
signal with the second wavelength to the combiner; and

the combiner is configured to combine the received direct
current optical signal with the first wavelength and the
modulated optical signal with the second wavelength
into one beam, and send the combined beam to the
interface subunit.

4. The apparatus as claimed in claim 2, wherein the first
optical transmitter comprises a dual-wavelength laser;

the dual-wavelength laser is configured to generate the

optical signal to be modulated.

5. The apparatus as claimed in claim 2, wherein the first
optical transmitter comprises a single-wavelength laser, a
radio frequency source and a second optical modulator;

the single-wavelength laser is connected with the second

optical modulator, and the second optical modulator is
connected with the radio frequency source and the
modulation and splitting subunit respectively;

the single-wavelength laser is configured to generate a

single-wavelength optical signal and send the single-
wavelength optical signal to the second optical modu-
lator;

the second optical modulator is configured to modulate

the single-wavelength optical signal under the drive of
the radio frequency source to generate the optical signal
to be modulated, and send the optical signal to be
modulated to the modulation and splitting subunit.

6. The apparatus as claimed in claim 2, wherein the first
optical transmitter comprises a single-wavelength laser, a
radio frequency source, a second optical modulator and a
tunable filter; the single-wavelength laser is connected with
the second optical modulator, the second optical modulator
is connected with the radio frequency source and the tunable
filter respectively, and the tunable filter is connected with the
modulation and splitting subunit;

the single-wavelength laser is configured to generate a

single-wavelength optical signal and send the single-
wavelength optical signal to the second optical modu-
lator;

the second optical modulator is configured to modulate

the single-wavelength optical signal under the drive of
the radio frequency source to generate an optical signal
with two or more than two wavelengths comprising the
direct current optical signal with the first wavelength
and the direct current optical signal with the second
wavelength;

the tunable filter is configured to filter the optical signal

with the two or more than two wavelengths to obtain
the optical signal to be modulated, and send the optical
signal to be modulated to the modulation and splitting
subunit.

7. (canceled)
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8. The apparatus as claimed in claim 2, wherein the first
transceiver unit further comprises a polarization rotator;

the polarization rotator is respectively connected with the
first coherent receiver and the interface subunit, and is
configured to perform polarization conversion on the
optical signal in the second direction, and send the
optical signal in the second direction to the first coher-
ent receiver.

9. The apparatus as claimed in claim 1, wherein the first
coherent receiver comprises: a first optical coupler, a polar-
ization splitter, a first photoelectric detector, a second pho-
toelectric detector and a signal processing module; the
polarization splitter is respectively connected with the first
optical coupler, the first photoelectric detector and the
second photoelectric detector; the signal processing module
is respectively connected with the first photoelectric detector
and the second photoelectric detector;

the first optical coupler is configured to perform coherent
frequency mixing between the LO light and the optical
signal in the second direction to generate a frequency
mixed optical signal;

the polarization splitter is configured to split the fre-
quency mixed optical signal into polarization optical
signals in two directions, send the polarization optical
signal in X direction to the first photoelectric detector,
and send the polarization optical signal in Y direction
to the second photoelectric detector;

the first photoelectric detector is configured to convert the
polarization optical signal in the X direction into a first
electrical signal, and send the first electrical signal to
the signal processing module;

the second photoelectric detector is configured to convert
the polarization optical signal in the Y direction into a
second electrical signal, and send the second electrical
signal to the signal processing module;

the signal processing module is configured to perform
Digital Signal Processing (DSP) to the first electrical
signal and the second electrical signal to demodulate
the optical signal in the second direction.

10. A coherent detection implementing apparatus, com-

prising:

a second transceiver unit, configured to receive an optical
signal in a first direction from a first device, wherein the
optical signal in the first direction comprises a direct
current optical signal with a first wavelength and a
modulated optical signal with a second wavelength;

a second coherent receiver, connected with the second
transceiver unit, and configured to take a part of the
direct current optical signal with the first wavelength as
a Local Oscillator (LO) light for coherent reception,
perform coherent frequency mixing between the LO
light and the modulated optical signal with the second
wavelength, and demodulate the modulated optical
signal with the second wavelength.

11. The apparatus as claimed in claim 10, wherein

the second transceiver unit is further configured to modu-
late the other part of the direct current optical signal
with the first wavelength to generate a modulated
optical signal with the first wavelength, and send the
modulated optical signal with the first wavelength to
the first device as an optical signal in a second direc-
tion.
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12. The apparatus as claimed in claim 11, wherein the
second transceiver unit comprises a transceiver subunit and
a second optical transmitter that are connected;

the transceiver subunit is configured to receive the optical

signal in the first direction from the first device, send a
part of the direct current optical signal with the first
wavelength to the second coherent receiver, send the
other part of the direct current optical signal with the
first wavelength to the second optical transmitter, and
receive the modulated optical signal with the first
wavelength sent by the second optical transmitter, and
send the modulated optical signal with the first wave-
length to the first device;

the second optical transmitter is configured to modulate

the other part of the direct current optical signal with
the first wavelength to generate the modulated optical
signal with the first wavelength.
13. The apparatus as claimed in claim 12, wherein the
transceiver subunit comprises a signal splitting and ampli-
fication module; the signal splitting and amplification mod-
ule comprises a second splitter and an optical amplifier that
are connected;
the second splitter is configured to split the optical signal
in the first direction into two beams, one of which is the
direct current optical signal with the first wavelength
and the other of which is the modulated optical signal
with the second wavelength, send the direct current
optical signal with the first wavelength to the optical
amplifier, and send the modulated optical signal with
the second wavelength to the second coherent receiver;

the optical amplifier is configured to perform power
amplification to the direct current optical signal with
the first wavelength, send a part of the direct current
optical signal with the first wavelength to the second
coherent receiver as the LO light for coherent recep-
tion, and output the other part of the direct current
optical signal with the first wavelength to the second
optical transmitter;

or,

the optical amplifier is configured to perform power

amplification to the optical signal in the first direction,
and output the amplified optical signal in the first
direction to the second splitter; the second splitter is
configured to split the amplified optical signal in the
first direction into two beams, one of which is the direct
current optical signal with the first wavelength and the
other of which is the modulated optical signal with the
second wavelength, output a part of the direct current
optical signal with the first wavelength to the second
coherent receiver as the LO light for coherent recep-
tion, output the other part of the direct current optical
signal with the first wavelength to the second optical
transmitter, and output the modulated optical signal
with the second wavelength to the second coherent
receiver.

14. (canceled)

15. The apparatus as claimed in claim 13, wherein the
transceiver subunit further comprises a first interface module
and a second interface module;

the first interface module is configured to output the

optical signal in the first direction to the signal splitting
and amplification module, and send the modulated
optical signal with the first wavelength to the first
device as the optical signal in the second direction;
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the second interface module is configured to output the
direct current optical signal with the first wavelength
output by the signal splitting and amplification module
to the second optical transmitter, and output the modu-
lated optical signal with the first wavelength output by
the second optical transmitter to the first interface
module.
16. (canceled)
17. The apparatus as claimed in claim 12, wherein
the second optical transmitter comprises a third optical
modulator, wherein the third optical modulator is a
reflective optical modulator.
18. The apparatus as claimed in claim 12, wherein the
second optical transmitter comprises a Fabry-Perot (FP)
laser and a third optical modulator;

the FP laser is an injection-locked laser, which is config-
ured to perform regenerative amplification to an input
optical signal according to a frequency of the input
direct current optical signal with the first wavelength;

the third optical modulator is respectively connected with
the FP laser and the transceiver subunit, and is config-
ured to modulate the amplified direct current optical
signal with the first wavelength and output the modu-
lated optical signal with the first wavelength.

19. The apparatus as claimed in claim 17, wherein the
second optical transmitter further comprises a Faraday Rota-
tor Mirror (FRM);

the FRM is connected with the third optical modulator,
and is configured to polarize the modulated optical
signal with the first wavelength output by the third
optical modulator, and output the polarized modulated
optical signal with the first wavelength to the third
optical modulator.

20. The apparatus as claimed in claim 11, wherein the
second coherent receiver comprises: a first optical coupler,
a polarization splitter, a first photoelectric detector, a second
photoelectric detector and a signal processing module; the
polarization splitter is respectively connected with the first
optical coupler, the first photoelectric detector and the
second photoelectric detector; the signal processing module
is respectively connected with the first photoelectric detector
and the second photoelectric detector;

the first optical coupler is configured to perform coherent
frequency mixing between the LO light and the modu-
lated optical signal with the second wavelength to
generate a frequency mixed optical signal;

the polarization splitter is configured to split the fre-
quency mixed optical signal into polarization optical
signals in two directions, send the polarization optical
signal in X direction to the first photoelectric detector,
and send the polarization optical signal in Y direction
to the second photoelectric detector;

the first photoelectric detector is configured to convert the
polarization optical signal in the X direction into a first
electrical signal, and send the first electrical signal to
the signal processing module;

the second photoelectric detector is configured to convert
the polarization optical signal in the Y direction into a
second electrical signal, and send the second electrical
signal to the signal processing module; and

the signal processing module is configured to perform
Digital Signal Processing (DSP) to the first electrical
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signal and the second electrical signal to demodulate
the modulated optical signal with the second wave-
length.

21. The apparatus as claimed in claim 11, wherein

the second coherent receiver comprises a 90 degree
frequency mixer and two pairs of balance detectors;

the 90 degree frequency mixer is configured to perform
coherent frequency mixing between the LO light and
the modulated optical signal with the second wave-
length, and output a signal obtained by the coherent
frequency mixing to the two pairs of balance detectors
respectively;

the two pairs of balance detectors are configured to
demodulate the signal obtained by the coherent fre-
quency mixing;

or,

the second coherent receiver comprises: a second optical
coupler and a pair of balance detectors; the second
optical coupler is configured to perform coherent fre-
quency mixing between the LO light and the modulated
optical signal with the second wavelength, and output
a signal obtained by the coherent frequency mixing to
the pair of balance detectors respectively; the pair of
balance detectors is configured to respectively demodu-
late the signal obtained by the coherent frequency
mixing.

22.-36. (canceled)

37. A coherent detection implementing method, compris-

ing:

sending, by a first device, an optical signal in a first
direction to a second device, wherein the optical signal
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in the first direction comprises a direct current optical
signal with a first wavelength and a modulated optical
signal with a second wavelength;

receiving, by the second device, the optical signal in the
first direction from the first device, taking, by the
second device, a part of the direct current optical signal
with the first wavelength as a Local Oscillator (LO)
light for coherent reception, performing, by the second
device, coherent frequency mixing between the LO
light and the modulated optical signal with the second
wavelength, and demodulating, by the second device,
the modulated optical signal with the second wave-
length.

38. The method as claimed in claim 37, further compris-

ing:

modulating, by the second device, the other part of the
direct current optical signal with the first wavelength to
generate a modulated optical signal with the first wave-
length, and sending the modulated optical signal with
the first wavelength to the first device as an optical
signal in a second direction;

receiving, by the first device, the optical signal in the
second direction from the second device, taking, by the
first device, a part of the direct current optical signal
with the first wavelength in the optical signal in the first
direction as the LO light for coherent reception, per-
forming, by the first device, coherent frequency mixing
between the LO light and the optical signal in the
second direction, and demodulating, by the first device,
the optical signal in the second direction.
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