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Method of receiving a phase-modulated polarization division multiplexed optical

signal

Field of the invention

The invention relates to a method of receiving a phase-modulated polarization division
multiplexed optical signal. Furthermore, the invention relates to an optical receiver for an
optical network, which is operable to receive a phase-modulated polarization division

multiplexed optical signal.

Background

For transmitting data bits in an optical data transmission network, it is a prominent approach
to transmit data symbols, wherein a data symbol represents a set of data bits. Data symbols
are transmitted, by modulating a phase and/or an amplitude of an optical transmission signal

having a specific wavelength.

The data symbol usually represents a set of n data bits. Thus, up to 2" different symbols are

possible for data transmission. Prominent candidates of modulation methods, in which a
phase and/or an amplitude of an optical signal may be modulated, are binary phase shift
keying (BPSK), quadrature phase shift keying (QPSK) or for example 16 quadrature amplitude
modulation (16QAM). In BPSK and QPSK, only the phase of an optical transmission signal is
modulated. In BPSK a data symbol represents one data bit, while in QPSK a data symbol
represents two data bits. In T6QAM the phase as well as the amplitude of the optical

transmission signal are modulated, wherein a data symbol represents four data bits.

Data symbols are transmitted at a symbol rate, which may also be called a baud rate.
Depending on the number of data bits that are represented by a single data symbol, the

chosen symbol rate corresponds to a specific resulting data rate.

Increasing the data rate in optical data transmission may be achieved, by applying the
technology of polarization division multiplexing (PDM). In PDM, a first optical symbol of a
specific wavelength having a first polarization state is modulated in dependence on
transmission data and in accordance with the chosen transmission method. Furthermore, a
second optical transmission signal of the same specific wavelength but of a second
polarization state, which is orthogonal to the first polarization state, is modulated in
dependence on transmission data and the chosen modulation method. Thus, by applying the

principle of PDM, the respective data rate may for example be increased by a factor of two.
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When trying to derive transmitted data symbols as well as transmitted data from an optical
PDM signal at a receiving side, the first optical signal of the first polarization state and the
second optical signal of the second polarization state have to be derived from the received
optical PDM signal. A problem may be given, in that the polarization states of the respective
optical signals do not remain constant along an optical fransmission channel, but these
polarization states rotate as the transmission distance of the optical channel increases. Thus,
the exact orientation of the respective polarization states of the first and the second optical
signal as inherent signal components of the received optical PDM signal may not be known at

the receiving side.

For deriving data symbols from an optical PDM signal at the receiving side, the following steps
may be carried out. At first, the optical PDM signal having a specific wavelength is down
converted in a down converting step, using an optical carrier signal that has a specific
wavelength of the optical PDM signal. Preferably, the down converted optical signal is not only
one down converted optical signal, but a set of down converted optical signals. In a next step,
the one or more down converted optical PDM signals are used to derive an electrical in-phase
signal component and an electrical quadrature signal component representing in conjunction
complex values of the down converted optical signal along a first polarization axis.
Furthermore, the one or more down converted optical PDM signals are used to derive an
electrical in-phase signal component and an electrical quadrature signal component
representing in conjunction complex values of the down converted optical signal along @
second polarization axis, which is orthogonal to the first polarization axis. The electrical signal
components are then sampled and the obtained sampled and digitized digital signals are then
used to derive a first digital signal, representing complex values of the down converted optical
signal along the first polarization axis, as well as a second digital signal, representing complex

values of the down converted optical signal along the second polarization axis.

These obtained two digital signals may then be filtered for the purpose of polarization
demultiplexing, using @ set of finite impulse response (FIR) filters. The filters form a butterfly
filter structure. The filter coefficients of these filters may be determined, such that the set of
filters perform polarization division demultiplexing. This step of polarization demultiplexing
then provides two new filter signals, which in the ideal case represent the initially fransmitted

optical signals of the first polarization state and the second polarization state.

Due to the fact, that different modulation methods with different respective constellation
schemes bear different sensitivities to physical impairments experienced by the optical signals
along the transmission links, it may be necessary to switch from a data transmission using one

modulation method to a data transmission using another modulation method. This may be the
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case, that for example physical impairments of the optical signals change over time. Such a

change may be given due to aging of fibers or other effects.

Thus, there is a need to provide a method of data transmission, in which a receiving side is
able to switch from one transmission method of phase modulation to another transmission

5 method of phase modulation.

Summary

Proposed is a method of receiving a phase-modulated polarization division multiplexed optical

signal.
10  The method comprises different steps.

A first digital signal and o second digital signal are derived from the optical signal. The first
digital signal represents complex values of the optical signal along « first polarization axis. The
second digital signal represents complex values of the optical signal along a second,

orthogonal polarization axis.

15  Polarisation division demultiplexing is performed, by deriving from the first and the second
digital signal a third and a fourth digital signal. This derivation is carried out, using a set of

finite impulse response (FIR) filters. The FIR filters use respective sets of K filter coefficients.
The step of deriving the third digital signal and the fourth digital signal includes

- within a first time interval, updating the sets of filter coefficients for different
20 discrete time instances, using a first algorithm which is designed to achieve

PDM demultiplexing with regard to a first phase-modulation method,

- within a second time interval, keeping the sets of filter coefficients fixed,
wherein the second time interval is of a time length corresponding to at least K

consecutive discrete time instances,

25 - within a third time interval, updating the sets of filter coefficients for different
discrete time instances, using a second algorithm which is designed to achieve
PDM demultiplexing with regard to a second phase-modulation method

different from the first modulation method.

In other words, the first algorithm determines the filter coefficients, such that the filtering
30 caused by the FIR filters achieves PDM demultiplexing with regard to the first phase-

modulation method, while the second algorithm determines the filter coefficients, such that,
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such that the filtering caused by the FIR filters achieves PDM demultiplexing with regard to the

second phase-modulation method different from the first modulation method.

Brief description of the Figures

Figure 1 shows a proposed optical receiver for an optical network according to a preferred

embodiment.
Figure 2 shows a set of FIR filters.
Figure 3 shows a possible implementation of an FIR filter.

Figures 4a to 4d show different steps of the proposed method according to a preferred

embodiment.

Figure 5 shows an optical mixer according to a preferred embodiment.

Description of embodiments

As it has been outlined in the background section previously above, polarization division
multiplexed optical signals having orthogonal polarization states at a transmitting side may be
received at a receiving side with respective polarization states, which are not aligned anymore
with their initial polarization states at the transmitting side. Preferably, the respective

polarization states are still essentially orthogonal to each other.

Thus, filter algorithms may be used at a receiving side for counteracting such a rotation of the

polarization states of the optical PDM signals.

Each of the optical PDM signals is modulated at least in its phase for the purpose of data
transmission. Using for example the modulation method of QPSK, wherein each data symbol
represents two bits, the corresponding constellation scheme is less sensitive to physical
impairments experienced by the optical PDM signals in comparison to the modulation method
of T6QAM, in which each data symbol represents four bits. This is due to the fact, that the
different constellation points of the constellation scheme of 16QAM are located more narrowly
to each other than the constellation points of the constellation scheme of QPSK. To give o
rough example, 16QAM requires approximately an optical signal-to-noise ratio that is 7dB
higher than that of QPSK for achieving a same bit error rate (BER). On the other hand,
16QAM is able to provide a data transmission with o data rate that is twice the data rate of

QPSK. Thus, data transmission may be adapted, such that a modulation method is used,
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which allows a maximized symbol rate or a maximized data rate while at the same time

achieving a required maximum bit error rate.

While at one point of time, a specific chosen modulation method may be suitable with regard
to physical impairments caused by the optical transmission channel at that point of time, there
may be a need to change to another modulation method due to the fact, that the physical
impairments increase over time, e. g. because of aging of the fibers or other components of
the optical links or because of the setup of additional connections in the network therefore

increasing the amount of inter-channel-crosstalk (linear or non-linear).

On the contrary, in the case that a number of connections in the network have been removed
leading to less impairment between the different signals, it may be possible to switch to a
modulation method of an increased data rate, which has a constellation scheme that is more
sensitive to physical impairments but still robust enough to transmit data at a required
maximum bit error rate under the influence of the new physical impairments. Thus, there may
be a need to switch between modulation formats at a receiving side in order to be able to

exploit a variation over time of the optical channel’s properties.

One solution proposed by the prior art for switching between different modulation methods
uses also a switching of the data transmission from a working path to o protection path. First,
the traffic is switched from the working path to the protection path and received via the
protection path at the receiving side. The receiving device of the working path at the receiving
side is then reconfigured to a new modulation format and dummy data is received under the
new, second modulation format via the working path, while the data actually derived at the
receiving side is still received under the first modulation method via the protection path. After @
certain amount of time, the signal processing algorithms handling the dummy data received
via the working path have converged. Upon such convergence, the actual data transmission is
switched back from the protfection path to the working path, where the actual transmission
data is transmitted using the second modulation format. Such a solution is only applicable,
when having a protection path in addition to the working path at hand, which may be a costly

solution.

A second solution proposed by the prior art includes switching between the different
modulation formats during maintenance. Upon the need for the change of the modulation
methods, a control signal is sent to client layers, e. g. IP routers or OTN switch, indicating that
the connection will become unavailable for a specific time duration. During this time duration,
the modulation performs switching from a first modulation method to a second modulation
method. The client layer then updates its routing table and stops sending traffic via the

previously used optical data connection. The format switch can then be performed and a

5
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convergence of the signal processing algorithms may be achieved using dummy data. After
this convergence is achieved, a control signal is sent to the client layers indicating that the
optical data connection is now available again. Data transmission may then be carried out
using the second modulation method. The main problem of this solution is that the optical

data connection cannot be used during the time duration needed for the maintenance.

One or more of the above-mentioned disadvantages may be overcome by the solution of

optical data reception proposed herein.

These advantages will now be described in detail with regard to the different embodiments

described below.

Figure 1 shows a proposed optical receiver OR according to a preferred embodiment. The
receiver OR contains an optical interface Ol, at which a phase modulated polarization division
multiplexed (PDM) optical signal ROS is received. The received signal ROS is then provided to
an optical mixer OM together with an optical local oscillator signal LOS provided by a local
oscillator LO. The optical mixer OM performs a down conversion of the received signal ROS,
using the local oscillator signal LOS. The optical mixer OM derives an electrical in-phase
signal component ESIX and an electrical quadrature signal component ESQX, which in
conjunction represent complex values of the down converted optical signal along o first
polarization axis. Furthermore, the optical mixer OM derives an electrical in-phase signal
component ESIY and an electrical quadrature signal component ESQY, which in conjunction
represent complex values of the down converted optical signal along a second polarization

axis, that is orthogonal to the first polarization axis.

One or more analogue digital converters ADC are then used, to sample the electrical signals
ESIX, ESQX, ESIY, ESQY for obtaining respective digital time discrete signals DSIX, DSQX,
DSIY, DSQY. The time discrete digital signals DSIX, DSQX, DSIY, DSQY are then provided to a

processing unit PU.

At least one analogue digital converter ADC samples the electrical signals ESIX, ESQX, ESIY,
ESQY at a sampling rate fs. The sampling rate fs corresponds to a sampling period Ts. Thus,
the signal DS1 and the signal DS2 are derived for successive discrete time instances at the

sampling rate fs. Consecutive ones of the time discrete instances of the signals DST and DS2

are separated by the sampling period Ts.

The optical mixer OM is now described with regard to Figure 5. Figure 5 shows an optical
mixing unit MIXU, which is able to perform downconversion of the received optical signal ROS
for one polarization state, leading to an electrical inphase signal component ESIX and an

electrical quadrature signal component for that polarization state. Taking into consideration
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the detailed explanations given with regard to the optical mixing unit MIXU, a person in the art
is able to foresee a device that is also able to perform downconversion of the received optical
signal ROS for another, orthogonal polarization state, leading to an electrical inphase signal
component ESIX and an electrical quadrature signal component for that other polarization

state.

Figure 5 shows the received optical signal ROS, also denoted as os(t), which has an electrical

field ES(t), that can be described by an amplitude 4, (¢), a frequency @, and a phase ¢, as

E(6)=A,(t) ¢/

The local optic signal LOS, also denoted as los(t), has an electrical field EL(t), that can be

described by amplitude 4,(¢), a frequency ®, and a phase ¢, os

E,(1)= 4,(1)-¢"" "

The optical signal os() is provided to a linear polarizer LP. The linear polarizer LP polarizes the
optical signal os(t), such that the resulting optical signal has an elecirical field that is rotated by
an angle of 45° to the principle axis of the two polarization beam splitters PBST, PBS2 of the
mixing unit MIXU. The local optical signal los(t) is provided to a linear polarizer LP, which
aligns the optical signal and the electrical field, such that it is aligned in line with the fast axis

of the following quarter-wave plate QWP.

The quarter-wave plate QWP causes a circular polarization of the incoming optical signal
which yields with respect to the principal axis of the polarization beam splitters PBS1, PBS2
respective components, that are shifted by a phase of /2. That optical component leaving the
quarter-wave plate QWP, that is aligned with the passed through axis of the polarization
beam splitters PBS1, PBS2, is shifted by 1/2, while the other component does not experience a
phase shift.

The linearly polarized optical signal os(t) coming from the linearly polarized LP is distributed
by half-reflective mirror HRM to the polarization beam splitters PBS1, PBS2. Furthermore, the
two signal components of the circularly polarized optical signal leaving the quarter-wave plate
QWP are also distributed by this half-reflecting mirror HRM to the polarization beam splitters
PBS1, PBS2.
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Optical signals arriving at the polarization beam splitter PBS1 are split, such that optical
signals lying within a polarization plane aligned with the pass-through axis of the polarization
beam splitter PBST are transferred to a photodiode PDA. Optical signals coming in to the
polarization beam splitter PBS1 in o polarization plane aligned with the reflecting axis of the
polarization beam splitter PBS1 are reflected to a photodiode PDB. The electrical field of the
optical signal reaching the photodiode PDA can be described as the electrical field EA(t). The
electrical field of the optical signals reaching the photodiode PDB can be described as the
electrical field EB(t).

The optical signals coming in to the polarization beam splitter PBS2 in alignment with the
polarization plane corresponding to the pass-through axis of the polarization beam splitter
PBS2 are passed on to a photodiode PDD. Optical signals coming in to the polarization beam
splitter PBS2 in a polarization plane aligned with the reflecting axis of the polarization beam

splitter PBS2 are reflected to a photodiode PDC.

The electrical field of the optical signal reaching the photodiode PDC can be considered as the
electrical field EC(t). The electrical field of the optical signal reaching the photodiode PDD can

be considered as the electrical field ED(t).

The electrical fields reaching the photodiodes PDA, PDB, PDC, PDD can be described as it will

be now shown in detail below.

The electrical field ES(t) does not experience any phase shift by the half-reflective mirror HRM
known by the polarization beam splitter PBS1. Therefore, the electrical field ES(t) is not subject
to a phase shift. The electrical field EL(t) is subject to a phase shift by /2 due to the reflection
by the half-reflective mirror HRM, as well as a phase shift by /2 caused by the quarter-wave
plate QWP. Therefore the electrical field EL(t) experiences an overall phase shift by m before
reaching the photodiode PDA. Therefore, the electrical field EA(t) can be described os

E,()=E )+ E (1) e’

The electrical field ES(t) experiences a phase shift by /2 before reaching the photodiode PDB,
due to the reflection within the polarization beam splitter PBS1. The electrical field EL(t)
experiences a first phase shift by /2 at the half-reflecting mirror and a second phase shift by
/2 during the reflection within the polarization beam splitter PBS1, before reaching the

photodiode PDB. Therefore, the electrical field EB(t) can be written as
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E,(0)= Ej0)e’™* 4+ E,(1)-¢”

The electrical field ES(t) experiences o phase shift by m/2 due to the reflection at the half-
reflective mirror HRM as well as a phase shift by m/2 during the reflection within the
polarization beam splitter PBS2, before reaching photodiode PDC. The electrical field EL(t)
experiences a phase shift by m/2 within the polarization beam splitter PBS2 during the
reflection before reaching the photodiode PDC. Therefore, the elecirical field EC(t) can be

written as

E.(t)=Eg()e”™ +E () e’

The electrical field ES(t) experiences a phase shift by /2 at the half-reflective mirror HRM,
before reaching the photodiode PDD. Furthermore, the electrical field EL(t) experiences a
phase shift by /2 within the quarter-wave plate QWP, before reaching the photodiode PDD.

Therefore, the electrical field ED(t) can be written as

Ey ()= Eg(De/™ + B, (1)-¢'"

The photodiodes PDA, PDB, PDC, PDD generate electrical signals at their outputs, which
correspond to the intensities of the electrical fields reaching the photodiodes PDA, PDB, PDC,

2
I

PDD, therefore each photodiode, PDA, PDB, PDC, PDD, generates electrical signals |EA(t)

|EB (t)z, EC(t)Z, E, (t)|2 which are equivalent to the squared magnitudes of the electrical

signals reaching the photodiodes PDA, PDB, PDC, PDD.

The electrical signal |EB (t)|2 provided by the photodiode PDB is subtracted from the electrical

signal |E (1) 2 provided by the photodiode PDC. This yields a signal Q(t), which can be shown
C

to be and be described as

0) = [Ec®f ~[Ey 0 = As(0)- 4, -sin(p, ).

Furthermore, the electrical signal |EA (t)|2 provided by the photodiode PDA is subtracted from

the electrical signal |ED (t)|2 provided by the photodiode PDD, which yields an electrical signal

[(t), which can be derived as
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2 > 1
1) =|E, @) —|E, @) = EAS (2)- A4, -cos(o, (7))

Within the electrical signals I(f), Q(t), the phase @, () can be shown to be

@, (1) =(0g -0, ) t+@ ()=, (1).

In the case, that the frequency @, of the local optical signal los(t) is essentially equal to the
frequency wg of the optical signal os(t), the phase @, (¢) of the signals I{t), Q(t) is reduced to

the difference between the phase ¢, (¢) of the optical signal os(t) and the phase ¢, (¢) of the

local optical signal los(t) as

0, ()= Qs ()—@, ()

Therefore, the signal I(t) can be considered as an electrical in-phase signal component ESIX,
also denoted as 1(¢) = eis(¢), of the optical based-band signal obtained by mixing the optical
signal os(t) with the local optical signal los(t). Furthermore, for the same reason explained
above, the signal Q(t) can be considered as an electrical quadrature signal component ESQX,
also denotd as Q(¢) = egs(t) , of an optical based-band obtained by mixing the optical signal

os(t) with the local optical signal losf(t).

Coming back to Figure 1, the processing unit PU multiplies the digital quadrature component
DSQX with the complex value § and superposes it with the digital in-phase signal component
DSIX for obtaining the digital signal DS1. The signal DST1 represents complex signal values of

the down converted optical signal along a first polarization axis.

The processing unit PU furthermore multiplies the quadrature signal component DSQY with
the complex value 5, before superposing it with the in-phase signal component DSIY for

obtaining the digital signal DS2. The digital signal DS2 represents complex signal values of
the down converted optical signal along a second polarization axis that is orthogonal to the

first one.

The digital signals DS1 and DS2 may then be subject to chromatic dispersion compensation,
which is generally performed in the frequency domain through the application of a format
independent phase filter and is therefore agnostic to format change of the modulation format.

Furthermore, clock recovery may be performed by a format independent technique called the

10



10

15

20

25

WO 2014/154674 PCT/EP2014/055934

spectrum redundancy method. These steps of chromatic dispersion compensation or clock
recovery are not shown explicitly in Figure 1. The signals DST and DS2 are denoted herein as
such, even if a chromatic dispersion compensation, a clock recovery or other processing

techniques have been applied to them.

The processing unit PU performs polarization demultiplexing, by deriving from the signals DS1

and DS2 a third digital signal DS3 and a fourth digital signal DS4. For this, the processing unit
PU uses a set of filters SF, wherein the filters are FIR filters. These filters are of a length K each,

such that each filter has K filter coefficients. The filier coefficients of one of the filters may be

considered a set of filter coefficients.

Figure 2 shows the set of filters SF, which derive from the signals DS1 and DS2 the signals
DS3 and DS4, using filters F1, F2, F3, F4. The filters F1, F2, F3, F4 form a butterfly filter

structure.

The filtering result of the filter F1 filtering the signal DS1 is superposed with the filiering of filier
F3 filtering the signal DS2 for obtaining the signal DS3. The filtering result of the filter F2
filtering the signal DS1 is superposed with the filiering result of the filier F4 filtering the signal
DS2 for obtaining the signal DS4.

The filters F1, ..., F4 have respective impulse responses
h = h(0)...h (K1)
B =h(0)... (K —1)
hy = hy(0) ... hy(K 1)

h, =, (0)... h,(K 1)

Each of the filters F1, ..., F4 have K filter coefficients. The signal DS3 is then obtained as

DS3(n) = DSI(n) * hy(n) + DS2(n) * hy(n)

DS3(m)=Y " DS n—k)-h(-k)+ > DS2(n—k)- h(-k)

The signal DS4 is then obtained as

11
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DS4(n) = DS1(n) * h,(n)+ DS2(n) * h,(n)

DS4(n) =" DSW(n—k)-hy(~k)+ Y. DS2(n—k)-h,(~k)

Herein, n is the time discrete index of the signals DS1, DS2, DS3, DS4.

Figure 3 shows a possible implementation F1’ of the filter F1 shown in Figure 2 in more detail
as a general illustration of the different filters F1, ..., F4 shown in Figure 2. The FIR filter F1’ is
provided with the time discrete values of the signal DS1, wherein these time discrete values are
provided to a chain of delay elements DE. This chain of delay elements DE shifts the time

discrete values of the signal DST1 atf the sampling rate of the signal DS1. At each time instance,

the different time discrete values of the signal DST are multiplied by respective coefficients Cq,

... ,C¢_1- The resulting values are then superposed in an addition element AE for obtaining the

result equation 4. Respective implementations of the filters F2, F3, F4 shown in Figure 2, may

be achieved in an analogue manner.

Coming back to Figure 2, a computation step CS uses the signals DS3 and DS4 for deriving
updated filter coefficients for the filters F1, ..., F4. In the case, that the modulation format used
for data transmission is QPSK, an algorithm called Constant Modulus Algorithm (CMA) may
be chosen for deriving updated filter coefficients within the step of computation CS. The
Constant Modulus Algorithm exploits the fact, that after a proper step of polarization
demultiplexing, the complex values of the signals DS3 and DS4 should represent QPSK
symbols that have o same amplitude and should lie on a reference unit circle. Thus, the CMA
algorithm aims to provide filter coefficients minimizing the distance of the values of the signals

DS3 and DS4 to the reference unit circle.

In the case, that a format of 16QAM is used for data transmission, this format lacks the
property of data symbols lying on the reference unit circle with the same amplitude. Thus, in
the case that a method carrying out phase and amplitude modulation, such as T6QAM, is
used for data transmission, the computation step CS may use a Multi Modulus Algorithm or a

Decision Directed algorithm.

In the Multi Modulus Algorithm, a preliminary intensity detection is first performed for
determining, to which of the different possible intensity rings the currently received symbols

belong. In the case, that T6QAM is used, the constellation points can be partitioned in sets
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belonging to three different concentric rings of the constellation scheme. Next following, a
Constant Modulus Algorithm may be carried out, in which a pre-defined ring radius may be
used. In a Decision Directed Approach algorithm, the error function used inside the
adaptation iterations is modified, such that the caused function is Euclidian minimum distance

between the received symbol and the ideal desired constellation.

The Decision Directed Approach can handle arbitrary constellations at the expense of less

tolerance to frequency and carrier phase offset.

A detailed description of the mentioned algorithms is given in the document “ ‘Digital
Coherent Optical Receivers: Algorithms and Subsystems’, Seb J. Savory, IEEE Journal of
Selected Topics in Quantum Electronics, Vol. 16, No. 5, September/October 2010”, which is
incorporated by reference herein. A person skilled in the art will find all necessary information

in this document, for implementing the mentioned algorithms.

Considering the above explanations, it becomes evident, that when receiving an optical signal
having a first modulation format within a first time interval and updating the filter coefficients
within this first time interval by the computation step CS carrying out one specific of the above-
mentioned algorithms, the algorithm used within this first time interval is specifically designed
for this first modulation method. In the case, that the modulation method used for data
transmission should be changed, such that a another, second modulation method is used for
data transmission of further data symbols, there is a need to control the filter coefficients of
F1, ..., F4 properly. In the case, that for example it is switched from a first modulation of
QPSK 1o a second modulation format of 16QAM, the Constant Modulus Algorithm that is
suitable for the first modulation method of QPSK will not be able to provide proper updated
filter coefficients for the second modulation method of 16QAM. One approach could be, to
totally stop data transmission for a certain amount of time, switch to another algorithm at the
transmitting and the receiving side, train the algorithm on the receiving side until convergence
is reached using transmitted dummy data and pick up real data transmission again after the
new algorithm suitable for the new modulation method at the receiving side has converged.
But this would bear the disadvantage, that actual data transmission is discontinued for a

specific amount of time.
The proposed method is now explained in detail with regard to Figures 4a to 4d.

The Figures 4a to 4d show the previously mentioned set of filter coefficients SF. In the example
shown in the Figures 4a to 4d, the filters F1, ..., F4 contain k=7 filter coefficients. This number

of k=7 is only chosen as an example.
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Figure 4a shows the step of deriving the third signal DS3 and the fourth signal DS4 within o
first time interval. Within this first time interval, the sets of filter coefficients are updated for
different discrete time instances. This is carried out, using an algorithm, that is designed to
achieve polarization division demultiplexing with regard to the first modulation method used

for data transmission within the first time interval.

Preferably, the filter coefficients are updated not for every consecutive discrete time instance
within the first time interval, but in an alternating manner, such that the filter coefficients are

updated after 1.>1 samples of the signals DS1, DS2, DS3, DS4.

Figure 4b and 4c show the operation of the proposed optical receiver within a second time
interval. The second time interval is consecutive to the first time interval. Upon a pre-
determined time instance, the second time interval starts, within which the filter coefficients of
the filters F1, ..., F4 are kept fixed. The pre-determined time instance is preferably that, at
which the modulation format of the received optical signal changes. Figure 4b shows the filter
coefficients and the filters F1, ..., F4 at two sampling instances after this pre-determined time
instance. This is indicated, in that the first two samples present within the filters F1, ..., F4 are
indicated as question marks. These shall be discrete values of the signals DS1 and DS2 that
may be affected by symbols the new modulation format. Preferably, the filter coefficients are
fixed to those filter coefficients, which were the last ones used within the first time interval. The
sampling values of the signals DS1 and DS2 present within the first two chain elements of the
filkers F1, ..., F4 may be affected by a mix of samples caused by the first modulation method,
for example QPSK, as well as samples generated by the second modulation method, for
example 16QAM. The samples of the different modulation methods may overlap due to

accumulated polarization multiplexing caused along the transmission line.

Figure 4c illustrates samples of the signals DST and D2 being present within the filters F1, ...,
F4 after four further discrete time instances. The sampling values representing a mix of the
signals generated by the different modulation methods are now succeeded by further
sampling values caused by the second modulation method. These further sampling values

caused by the second modulation method are indicated as little star symbols.

In this example, the first three values present within the filters F1, ..., F4 represent samples of
the signals DS1 and DS2 caused by the second modulation method. Due to the fact, that the
filters F1, ..., F4 have not been filled up yet totally with sampling values which correspond to
data signal values caused by the second modulation method, the filter coefficients of the filters

F1, ..., F4 are still kept fixed within the second time interval, as indicated in Figure 4c.
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Figure 4d shows an operation of the Filters F1, ..., F4 within a third time interval. The third

time interval is consecutive second time interval. Due to the fact, that it is expected that the

filters F1, ..., F4 are now filled up only by sampling values, which are caused by the second
modulation method, the filters F1, ..., F4 are operated in the following manner. The sets of
filter coefficients for the filters F1, ..., F4 are updated for different discrete time instances,

using the second algorithm that is designed to achieve polarization division demultiplexing
with regard to the second phase modulation method. In this example, due to the fact that the
second phase modulation method is 16QAM, the computation step CS uses the Decision

Directed Approach algorithm for updating the filter coefficients for the filters F1, ..., F4.

The second time interval, during which the filter coefficients of the filiers are kept fixed, as
shown in the Figure 4b and 4c, is at least of a time length that corresponds to at least K
consecutive discrete time instances, wherein K is equal to the number of filter coefficients. This
minimum number of K discrete time instances is sufficient in the case, that no mixing of the
different sampling values for the different modulation methods would occur. In such cose,
after K consecutive discrete time instances, the filters F1, ..., F4 would be filled up totally with
new sampling values caused by the second modulation method. Thus, under this assumption,

it would be sufficient that the second time interval lasts K consecutive discrete time instances.

Assuming furthermore, that polarization mode dispersion may cause a certain number of
samples to be a mixture of samples from the first modulation method and samples from the
second modulation method, such a mixture may be taken into consideration, by increasing the
time length of the second time interval furthermore. It may be assumed that such a mixture
may occur for further K discrete time instances, such that the second time interval is chosen to
a time length, which is at least at the time length corresponding to 2K consecutive discrete

time instances.

Even furthermore, an uncertainty for choosing that time instance, at which the second time
interval begins, may be taken into consideration as a timing uncertainty. Thus, the second time
interval may be increased by a further number of m consecutive discrete time instances,
wherein m is a pre-defined number. This pre-defined number M may be provided to the
optical receiver within a transmission frame or control channel. Thus, the second time interval
is preferably chosen to a timing corresponding to at least 2K+M consecutive discrete time

instances.

The method proposed herein bears the advantage, that the actual data transmission is not
interrupted, due to the fact that filter coefficients used for polarization demultiplexing within the
first time interval are also used throughout the second time interval, during which further

samples of the signals DST and DS2 are received and may lead to received data at further
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processing steps not explicitly shown in the Figures. Thus, data transmission does not have to
be interrupted explicitly. This is possible, due to the fact that the impairments caused by the
optical transmission channel vary not at a high rate, but typically over rather long time
periods, expressed in multiples of the sampling period. There are therefore generally no
significant variations of the channel conditions to be expected for the second time interval,
during which the new samples corresponding to the second modulation format are filtered.
Thus, the proposed method as well as the proposed device achieve data reception under a
change of the modulation method without having to interrupt the data transmission. Minor
data errors caused by operating the filters using non-updated filter coefficients during the
second time interval may be compensated later on ot a stage of forward error correction

decoding.

For deciding, at which time instance the second time interval shall start, data information
indicating the discrete time instance, at which the second time interval shall start, may be

received at the optical receiver. Using this data information, the second time interval is started.

This data information may be received via a transport frame or via control information
received along a control channel. For this purpose, the receiver OR shown in Figure 1 may
comprise further devices not explicitly shown in Figure 1. The receiver OR may contain a
control channel interface for receiving control information from a network management or a
control plane. Alternatively, the receiver OR may contain a data decoding unit, which is able

to derive data of transport frames from the signals DS3 and DS4.

In the third embodiment, the data information indicates a value for a countdown counter. The
countdown counter is set to the value indicated upon reception of this value. The countdown
counter is operated at a sampling rate. Upon the countdown counter reaching the value 0, the

second time interval is started.

The functions of the various elements shown in the Figure 1, including any functional blocks
labeled as ‘processing unit’ or ‘processor’, may be provided through the use of dedicated
hardware as well as hardware capable of executing software in association with appropriate
software. When provided by a processor, the functions may be provided by a single dedicated
processor, by a single shared processor, or by a plurality of individual processors, some of
which may be shared. Moreover, explicit use of the term ‘processor’ should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly include,
without limitation, digital signal processor (DSP) hardware, network processor, application
specific integrated circuit (ASIC), field programmable gate array (FPGA), read only memory
(ROM,) for storing software, random access memory (RAM), and non voldtile storage. Other

hardware, conventional and/or custom, may also be included.
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CLAIMS

1) Method of receiving a phase-modulated polarization division multiplexed (PDM) optical

signal, comprising

5 - deriving a first digital signal (DS1) and a second digital signal (DS2) from said optical
signal (ROS), wherein said first digital signal (DS1) represents complex signal values of
said optical signal (ROS) along a first polarization axis, and wherein said second
digital signal (DS2) represents complex signal values of said optical signal along a

second, orthogonal polarization axis,

10 - performing polarization division demultiplexing, by deriving from said first and said
second digital signal (DST, DS2) a third digital signal (DS3) and a fourth digital signal
(DS4), using a set of finite impulse response (FIR) filiers (F1, ..., F4), wherein said FIR

filters (F1, ..., F4) use respective sets of K filter coefficients,

- wherein the step of deriving said third digital signal (DS3) and said fourth digital signal
15 (DS4) includes,

- within a first time interval, updating said sets of filter coefficients for different
discrete time instances, using a first algorithm which is designed to achieve

PDM demultiplexing with regard to a first phase-modulation method,

- within a second time interval, keeping said sets of filter coefficients fixed,
20 wherein said second time interval is of a time length corresponding to at least K

consecutive discrete time instances,

- within a third time interval, updating said sets of filter coefficients for different
discrete time instances, using a second algorithm which is designed to achieve
PDM demultiplexing with regard to a second phase-modulation method

25 different from said first phase-modulation method,

- and wherein said second time interval is consecutive to said first time interval and

wherein said third time interval is consecutive to said second time interval.

2) Method according to claim 1,

30 wherein said second time interval is of a time length corresponding to at least 2K consecutive

discrete time instances.
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3) Method according to claim 1, wherein said second time interval is of a time length
corresponding to at least 2K+M consecutive discrete time instances, wherein M is a predefined

number.

4) Method according to claim 1,

wherein sampling values of said first and said second digital (DS1, DS2) signal are derived for
successive discrete time instances at a sampling rate corresponding to a sampling period,
and wherein consecutive ones of said discrete time instances are separated by said sampling

period.

5) Method according to claim 1,

wherein at least one of said algorithms is a Constant Modulus Algorithm, a Multi Modulus

Algorithm or a Decision Directed Approach Algorithm.

6) Method according to claim 1,

wherein the set of filter coefficients used during said second time interval is that set of filier

coefficients, which was last used during said first time interval.

7) Method according to claim T,
comprising furthermore

- receiving data information indicating a discrete time instance at which said second

time interval shall begin,

- starting said second time interval using said data information.

8) Method according to claim 7,

wherein said data information is received via a transport frame or via control information of a

control channel.

9) Method according to claim 7,
comprising furthermore,

- selting a countdown counter to a value indicated by said data information,
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- operating said countdown counter at a sampling rate of said first and said second
digital signal,

- upon said countdown counter reaching a zero value, starting said second time interval.

10) Optical receiver for an optical network,

comprising an optical interface (Ol), operable to receive a phase-modulated polarization

division multiplexed (PDM) optical signal (ROS),

comprising furthermore an optical mixer (OM), at least one analogue-digital converter (ADC),

and at least one processing unit (PU),

wherein said optical mixer (OM), said analogue-digital converter (ADC), and said processing
unit (PU) are operable in conjunction to derive a first digital signal (DS1) and a second digital
signal (DS2) from said optical signal (ROS), wherein said first digital signal (DS1) represents

complex signal values of said optical signal (ROS) along a first polarization axis, and wherein
said second digital signal (DS2) represents complex signal values of said optical signal (ROS)

along a second, orthogonal polarization axis,

wherein said processing device (PU) is furthermore operable to perform polarization
demultiplexing, by deriving from said first and said second digital signal (DS1, DS2) a third
digital signal (DS3) and a fourth digital signal (DS4), using a set of finite impulse response
(FIR) filters (F1, ..., F4), wherein said FIR filters (F1, ..., F4) use respective sets of K filter

coefficients,

and wherein said processing device (PU) is furthermore operable to derive said third digital

signal (DS3) and said fourth digital signal (DS4),

- within a first interval, by updating said sets of filter coefficients for different
discrete time instances, using a first algorithm which is designed to achieve

PDM demultiplexing with regard to a first phase-modulation method,

- within a second time interval, by keeping said sets of filter coefficients fixed,
wherein said second time interval is of a time length corresponding to at least K

consecutive discrete time instances,

- within a third time interval, by updating said sets of filter coefficients for
different discrete time instances, using a second algorithm which is designed to
achieve PDM demultiplexing with regard to a second phase-modulation

method different from said first method.
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