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MULTIPROTOCOL TRANSPORT USING POLARIZATION DIVISION MULTIPLEXING

TECHNICAL FIELD

[001] The present disclosure relates to optical transmitters.
BACKGROUND

[002] Time division multiplexing (TDM) networks have been used since the 1960's in
telecommunications to digitally transmit voice. Assuch, TDM networks have been developed
with arobust suite of tools, e.g., an Operations, Administration, and Management suite, which
maintains alevel of reliability that telecommunications operators have grown to expect. With
the advent of optical networks, telecommunications operators have applied TDM to Synchronous
Optical Networking (SONET) and Synchronous Digital Hierarchy (SDH) optical networks.
[003] Over time, the telecommunications industry has experienced increasing economic
pressure to integrate different services, e.g., by adding packet based services to TDM services.
Asdemand for packet based services increases, e.g., Ethernet, there is ademand for convergence
of the various services, such as, packet-over-TDM and TDM-over-Ethernet. However, packet
based networks do not have the robust management tools available to TDM networks.
Furthermore, integrating two or more types of networks and/or services require protocol
convergence layers and common framing layers that add complexity to transporting the

underlying data over the transport network.

BRIEF DESCRIPTION OF THE DRAWINGS
[004] FIG. lisablock diagram showing an example of a system comprising first and
second optical nodes configured to exchange different data types using respective polarizations
of an optical wavelength.
[005] FIG. 2isan example block diagram of an optical node depicted in FIG. 1.
[006] FIG. 3isadiagram showing an example of data transmission of two different
transport types using two polarizations in apolarization division multiplexing (PDM)
transmission scheme.
[007] FIG. 4isablock diagram showing an example of areceiver configured to recover
different data types received on respective polarizations of an optical wavelength.

[008] FIG. 5 depicts aflow chart for a specific example of operations of the PDM process.
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DESCRIPTION OF EXAMPLE EMBODIMENTS
[009] Overview
[0010] Techniques are provided herein for using polarization modulation techniques to
simultaneously transmit two different data streams (formatted according to two different
transport protocols) over asingle optical wavelength. A first data stream that is encapsulated for
transport using afirst transport protocol, and a second data stream that is encapsulated for
transport using a second transport protocol arereceived. The first data stream is modulated on a
wavelength with afirst polarization mode of apolarization division modulation (PDM) scheme
to produce afirst modulated data stream having the first polarization mode, and the second data
stream is modulated on the wavelength with a second polarization mode of the polarization
division multiplex transmission scheme to produce a second modulated data stream having the
second polarization mode. The second polarization mode is orthogonal to the first polarization
mode. The first and second data streams are combined onto a single wavelength for transmission
over asingle optical fiber using apolarization beam combiner, such that the first and second
polarization modes travel independently through an optical fiber on the single wavelength.
[0011] The first data stream may comprise native packet based traffic and the second data
stream may comprise native TDM traffic, each of which are generated independently and may be
synchronous or asynchronous data streams. The first and second data streams are combined onto
a single wavelength without a common framing layer or a convergence layer. The process for
combining and transmitting the independently generated data streams isreferred to herein as a
multiprotocol PDM process. These techniques apply to any data streams regardless of the
underlying protocols
[0012] Example Embodiments

[0013] Referring first to FIG. 1, asystem 10 is shown comprising first and second optical
nodes 10(1) and 10(2) that are coupled to each other by an optical fiber 17 over an optical
transport network (OTN) 15. Optical node 10(1) comprises apacket switch unit 12, atime
division multiplexing (TDM) framer 18, and apolarization division modulation (PDM) unit 16.
The packet switch unit 12 encapsulates native packet-formatted traffic, while the TDM framer 18
encapsulates native TDM traffic, both for transport over OTN network 15. According to the

techniques described herein, the PDM unit 16 modulates packet traffic on one polarization of a
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wavelength and TDM traffic on another polarization of the wavelength. Asused herein, a
wavelength represents light at a single wavelength or frequency.

[0014] One problem encountered in mixed traffic networks is synchronization. TDM
networks typically employ synchronous networks, e.g., SDH and SONET, to ensure proper
delivery of real-time traffic such astelephone calls. This poses aproblem when transmitting
real-time traffic over packet based networks since many packet based networks do not guarantee
on-time delivery of data. Synchronization issues have been somewhat mitigated by the adoption
of synchronized Ethernet (Synck) and IEEE 1588 version 2. However, these intermediate
solutions do not provide the same performance as TDM.

[0015] Furthermore, many protocol solutions have been proposed to alow traffic grooming
to encapsulate packet traffic in TDM wrappers, or to segment and reassemble TDM formatted
traffic over packet networks, etc. Yet most of the solutions fail to address some of the
telecommunications requirements while adding complexity and cost to the system design. In
general, when ahomogeneous protocol isused for transport there isalevel of aggregation in the
electrical domain to converge the differing protocols onto one protocol for transport. The
convergence layer chips (semiconductors) are complex, expensive, and are often realized in field
programmable gate arrays (FPGAS) or custom designed application specific integrated circuits
(ASICs). Complementary integrated circuit chips are needed at the receiver to separate the
traffic types.

[0016] The convergence layer chips increase the cost of transport, and require separate code
development and test. Furthermore, there isaneed to develop dedicated performance
monitoring and Operations, Administration, and Management (OAM) suites. Standardization of
convergence layers can take years, e.g., transport multi-protocol label switching (T-MPLS) is
being replaced by MPLS-transport protocol (TP), and Provider Backbone Transport (PBT) is
being replaced by Provider Backbone Bridge Traffic Engineering (PBB-TE). In addition, many
telecommunications operators will not allow TDM traffic to be transported over apacket based
transport platform due alack of apervasive and standardized OAM, fault propagation and
security issues, and alack of reliability in packet based synchronization, e.g., IEEE 1588 or
SynchE.

[0017] On the receiver side, i.e., within optical node 10(2), the polarizations of the
wavelength are separated, e.g., using apolarization beam splitter (PBS). Once separated the
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packet based and TDM based traffic are separately demodulated to recover the separate data
streams comprising the native packet traffic and the native TDM traffic. To recover each of the
traffic types, which may be generated independently, the receiver in optical node 10(2) has a
separate clock recovery unit for each of the data streams. In other words, each of the data
streams may be generated independently using different data rates and different clocks.

[0018] To simplify operations at the receiver, optical node 10(1) may employ an optional
rate adaptation unit 14; the optiona nature of this block being indicated by the dashed line. The
rate adaptation unit 14 throttles packet based traffic to match the clock rate for the TDM traffic
using known traffic metering techniques, e.g., backpressure or Inter Packet Gap (IPG) insertion.
By virtue of the rate adaptation unit 14 a single clock recovery unit at the receiver may be used
to recover both the native packet traffic and the native TDM traffic.

[0019] Reference is now made to FIG. 2 which depicts one example of selected components
of optical node 10(1). FIG. 2 depicts the packet switch unit 12 and the TDM framer 14 asline
cards (LCs) aspart of anetwork appliance. In another example, the line cards 12 and 14 may
also be subsystems of asingle line card and the backplane connects the line card to the optical
module. The optical node 10(1) also comprises the PDM unit 16. In this example, the packet
switch unit 12, the TDM framer 14, and the PDM unit 16 are coupled to each other by a
backplane 20.

[0020] In FIG. 2 it isassumed, as an example, that the modulation scheme used in the optical
network is quadrature amplitude modulation (QAM) with an in-phase (1) and quadrature (Q),
e.g., 90 degree out of phase, components. Each of the packet switch data and the TDM data can
be separated into | and Q components. In this example, the packet switch LC and the TDM
framer LC send their respective datain parallel fashion across backplane 20 to | and Q data
seridizers 21(1) and 21(2). | and Q data serializers 21(1) and 21(2) multiplex and precode the
data into separate | and Q components and send them to driver units 22(1)-22(4).  The PDM
LC 16 comprises digital-to-analog (DAC) conversion driver units 22(1)-22(4) that provide
analog voltages to shaping filters 23(1)-23(4), respectively. In turn, the shaped waveforms are
provided to Nested Mach-Zehnder (NMZ) modulators 24(1) and 24(2) for modulation onto a
wavelength. The NMZs use Mach-Zehnder (MZ) modulators 27(1)-27(4) as shown in FIG. 2 for
respective | and Q components, provide the requisite 90 degree phase shifts (1/2), and combine
the components using combiners 25(1) and 25(2). The outputs of NMZs 24(1) and 24(2) are

-4 -
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combined by polarization beam combiner (PBC) 28 for output on a single wavelength over fiber
17. A laser driver 26 provides the optical laser energy at the correct frequency (wavelength) to
the NMZs 24(1) and 24(2).

[0021] It should be understood that the representations depicted in FIGs. 1and 2 are
oversimplifications of the actual network environment. The optical nodes may be part of alarger
network, e.g., ametropolitan area network (MAN) or awide area network (WAN). Many
components, e.g., routers, switches, combiners, splitters, and optical/electrical conversion, are
omitted for smplicity. The optical nodes 10(1) and 10(2) may be part of reconfigurable
add/drop multiplexers (ROADMS) or optical switches. In thisregard, the PDM unit 16 may add
datato awavelength and node 10(2) may drop awavelength. For example, PDM unit 16 may
aggregate 40 gigabit Ethernet (40 GE) data from aloca area network (LAN) and voice data from
aprivate branch exchange (PBX) that are ultimately encapsulated as an Optical Transport Unit
(OTU) frame modulated on separate polarization modes on awavelength. That is, the
aggregated data are "added" to fiber 17 on a single wavelength. Likewise, the respective data are
"dropped" at the optical node 10(2) asviewed in FIG. 1to their respective packet and TDM
networks.

[0022] Turning to FIG. 3, asimplified representation is shown for the manner in which
multiple traffic types may be transported on a single wavelength over fiber 17. In this example,
asimple modulation scheme is depicted, e.g., amplitude modulation. A first traffic type, e.g.,
packet based traffic ismodulated on avertical polarization 30 of awavelength and a second
traffic type, e.g., TDM traffic, ismodulated on ahorizontal polarization 31 of the wavelength.
The vertical polarization 30 and the horizontal polarization 31 may be referred to herein as'Y
ands X polarizations, respectively.

[0023] In this example, power on the wavelength on apolarization leads to transmission of a
logic "1" and lack of power isinterpreted astransmission of alogic "0." The same applies to the
other polarization. It should be understood that the transmissions of ones and zeros may be made
by various amplitude or phase shifts, or according to other known modulations schemes, e.g.,
phase shift keying, in the digital or analog domains.

[0024] The two flows are generated and kept separate by using a specific LC architecture and
the associated polarization multiplexing by the optical transmitter and demultiplexed by the

receiver. Each of the two streams istransported on respective polarizations, thereby eliminating
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the complexity of having to "groom" the two incoming data streams, e.g., to encapsul ate packet
over TDM, or to segment and reassemble TDM for transport on packet switched networks. In
one example, TDM istransported on one polarization and packet traffic on another polarization.
This concept applies to any mix of data streams, synchronous or asynchronous, e.g., 40 Gigabit
Ethernet (GE) channels, Optical Transport Unit (OTU) channels, or combinations of both.

[0025] In the general case, the signals on the two polarizations run at two different bit rates
and the receiver uses independent clock recovery on each polarization. For example, one
polarization could be used for 40 GE and the other polarization could be used for OTU3. The
two data streams may be arranged for synchronous transmission, e.g., by matching the data rate
of the asynchronous stream to that of the synchronous stream. By synchronizing the streams, the
stream recovery at the receiver is simplified since the receiver can employ a single clock
recovery block. Inthis example, the two data streams are be clocked out of the transmitter using
aTDM layer clock (which is synchronous by nature) and the packet data rate i s adapted using
the standard techniques, e.g., IPG adjustment or backpressure as mentioned above.

[0026] One advantage of these techniques isthat the two streams share the same wavelength.
Furthermore, the OAM may be provided by TDM technology, whether the TDM is SDH,
SONET, or OTN, and thereby fulfills akey requirement for transport quality demanded by most
service providers.

[0027] The PDM unit 16 may add training sequences or any other framing needed by the
receiver to recover the data streams, e.g., to detect the QAM constellations, by compensating for
Polarization Mode Dispersion (PMD). If there is a framing on both streams using a known
framing distance (time distance), the equalizer algorithm at the receiver can recover both streams
more consistently, or the equalizer filter may be made large enough to capture a larger framing
distance. In the receiver equalizer there is a time-variant filter which compensates for PMD.
PMD isadelay of the two polarization modes against each other, i.e., one polarization will travel
faster down the fiber that the other, even though they were launched at the same time.

[0028] The equalization filter isinitialized with either the actual delay (afirst case) between
the two polarization modes obtained by measuring the distance between two known frames or
initialized with a O delay (a second case). In a second case the equalizer needs to be able to
compensate for twice the amount of delay. By way of example, for the first case, if the actual

delay is +100 picoseconds (ps) and varies over time to minus (-) 100 ps, the filter is initialized
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with +100 ps delay and tracks the delay to -100 ps. In the second case, the filter is initiaized
with 0 psdelay and tracks the delay to -200 ps (as arelative delay). As another example for the
first case, if the actual delay is -100 ps and varies over time to +100 ps, the filter is initialized
with -100 ps and tracks the delay to +100 ps. In the second case, the filter isinitialized with O ps
and needs to track the delay to +200 ps. The first case uses afilter compensation capability of
+/- 100 pswhile in the second case the filter compensates over arange of +/- 200 ps.

[0029] One possible modulation format ispolarization multiplexing-quadrature phase shift
keying (PM-QPSK) but these concepts apply to any polarization multiplexed modulation format,
e.g., N-QAM or PM-differential QPSK (PM-DQPSK). The two traffic streams are fed
separately to the PM-QPSK transceiver and encoded over separate polarizations and two
polarizations will travel independently through the fiber. It should be noted that any two (or
more) streams launched orthogonally into the fiber can be recovered at the other end of the fiber,
whether orthogonal polarizations or orthogonal modes of a multimode transmission scheme are
used.

[0030] The two polarizations travel independently through the fiber, and the transmission is
on a single wavelength and on a single fiber asif the different data types were combined at
electrical level. However, the two polarizations are groomed at the optical level and data are
delivered to the downstream devices in two independent flows as they were transmitted on
separate channels. The two polarizations are coherently separated by the receiver. The data are
processed by aprocessor, e.g., adigital signal processor (DSP), that compensates for
transmission impairments such as chromatic dispersion or polarization mode dispersion, i.e., the
DSP computationally reverses the effects of optical propagation. Accordingly, the techniques
provided herein remove the need to aggregate multiple data types at the transmitter into asingle
layer, even when using different protocols or different bit rates, and the data types travel
independently on the two polarizations of a single wavelength.

[0031] Referring to FIG. 4, an example of ablock diagram of areceiver 49is shown, eg., a
receiver used by optical node 10(2) for recovering different data streams from each wavelength
polarization. The receiver comprises a PBS 40; an optical-to-electrical (O-to-E) conversion
block or unit 41; an analog-to-digital converter (ADC) 42; achromatic dispersion (CD)

compensation unit 43; apolarization mode dispersion (PMD) and polarization dependent loss
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(PDL) polarization compensation unit 44; afrequency compensation, carrier estimation, and
decision unit 45, 1and Q data outputs 46(1)-46(4), and aclock recovery unit 47

[0032] The PBS 40 iscoupled to fiber 17 (FIGs. 1-3) and splits the polarizations, e.g., the
vertical Y and horizontal X polarizations, into two beams. The labeling of each X and Y
polarization in FIG. 4 is arbitrary and isfor ease of illustration. Each polarization is sent to the
O-to-E conversion unit 41 where the optical energy isconverted to electrical signals. The O-to-E
conversion unit 41 may employ hybrid couplers or other components to separate the phase
components within each polarization. The amplitude of the signal in each phase i s detected
using, e.g., aphoto diode. The O-to-E conversion unit 41 outputs | and Q analog streams for
each polarization shown collectively at reference numeral 48. The streams 48 are each converted
to digital form by ADC 42.

[0033] Once converted to digital form, the signals are digitally processed by the CD
compensation unit 43 and the PMD and PDL polarization compensation unit 44, to compensate
for the effects of the respective dispersion modes. The digital streams are tapped between the
CD compensation unit 43 and the polarization compensation unit 44 asviewed in FIG. 4 and fed
to the clock recovery unit 47. Clock recovery unit 47 determines the signals original clocking
frequency that was used to clock the data at the sending node, e.g., optical node 10(1). The
recovered clock signal isfed back to the ADC 42 to ensure proper digital signal conversion.
When the two data streams sent by the transmitting device are synchronized, the receiver can
employ asingle clock recovery block, as described above.

[0034] After compensating for optical impairments the respective signals are forwarded to a
frequency compensation, carrier estimation, and decision unit 45. Unit 45 performs frequency
compensation and carrier phase estimation for coherent detection, and makes final bit decisions
for output data. The detected | and Q data are fed to respective interface outputs 46(1)-46(4).
The data output via outputs 46(1) and 46(2) are for one data stream and the data output via
outputs 46(1) and 46(2) are for another data type. The output data are forwarded to their
respective destinations.

[0035] In this example, the receiver 49 does not employ packet-over- TDM or TDM-over-
Ethernet de-framing layers or convergence layer data flow separation chips, e.g., FPGASs or
ASICs. Furthermore, the CD compensation unit 43, the polarization compensation unit 44, and

decision unit 44, or other functions on the receiver 49 may be implemented in composite or
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dedicated chips, processors, or DSPs. Memory, e.g., random access memory (RAM), may be
used in any of the devices depicted in the figures to facilitate their operation.

[0036] Reference isnow made to FIG. 5. FIG. 5 shows aflow chart that generally depicts
the multiprotocol PDM process 500. At 510, afirst data stream isreceived that i s encapsulated
for transport using afirst transport protocol. At 520, a second data stream isreceived that is
encapsulated for transport using a second transport protocol. At 530, the first data streamis
optically modulated on a (single) wavelength with afirst polarization mode of apolarization
division modulation (PDM) scheme to produce afirst modulated data stream with the first
polarization mode, and at 540, the second data stream is optically modulated on the (single)
wavelength with a second polarization mode of the polarization division multiplex transmission
scheme to produce a second modulated data stream with the second polarization mode. The
second polarization mode is orthogonal to the first polarization mode. At 550, the first and
second modulated data streams are combined for transmission over a single optical fiber using a
polarization beam combiner such that the first and second polarization modes travel
independently through an optical fiber on the single wavelength.

[0037] Techniques are further provided herein for generating the first data stream
independently from the second data stream, i.e., the data stream may be from two independent
sources. In other words, the sources may comprise, e.g., local area network (LAN) traffic,
storage area network (SAN) traffic, video conference traffic, among others. The first and second
data streams may be generated in synchronous or asynchronous form for transmission. For
example, the first data stream may be generated for TDM network transmission and the second
data stream may be generated for packet switched network transmission. The data transmission
rate of the first or second data stream may be adjusted such that aclock recovery at areceiver
receiving the single wavelength can use a single clock recovery mechanism (block) for optical to
electrical conversion of the first and second data streams. In other words, the data transmission
rate of one data stream is adjusted to match the data transmission rate of the other data stream.
[0038] The first and second data streams may be generated without apacket based or TDM
based convergence layer, and without a common framing layer. The first data stream and the
second data stream may be modulated according to one or more of an N-QAM modulation
scheme and an N-phase shift keying (N-PSK) modulation scheme, where N represent known
binary levels, eg., 4-QAM, 32-QAM, 64-QAM, binary-PSK, 4-PSK, and thelike. The
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modulation scheme for any given polarization isindependent of the modulation used on another
polarization.

[0039] In an alternate form, different traffic types may be transmitted using different modes
of the optical fiber, e.g., using mode divison multiplexing (MDM) or space-division
multiplexing (SDM), hereinafter referred to asMDM. Multiple paralel transmission paths are
available for MDM, and can be used on installed fiber bundles. In this respect MDM, e.g., over
few-mode fiber (FMF) or multimode fiber (MMF) can be implemented. Modal crosstalk can be
dealt with using multiple-input-multiple-output (MIMO) signal processing techniques. An
MDM waveguide can individually address all propagation modes supported by MDM. The
receiver is able to mode- selectively and coherently detect all propagation modes.

[0040] MEVIO transmission over multimode fiber (MMF) may be made using mode-group-
division multiplexing (MGDM) in fibers that allow the propagation of hundreds of modes.
Using various coupling techniques, such as offset launch, groups of several tens of modes can be
independently transmitted and received. Accordingly, by using MDM three or more traffic types
may be transmitted over asingle fiber using one or more wavelengths.

[0041] Accordingly, modulating of the first data stream may be made for transmission over
afirst propagation mode in an MDM scheme, and modulating of the second data stream may be
made for transmission over a second propagation mode in the MDM scheme. The first and
second data streams are launched orthogonally into a single optical fiber using a multimode
beam combiner. The first and second propagation modes travel independently through optical
fiber and are recovered at the receiver.

[0042] In sum, the techniques described herein involve receiving afirst data stream that is
encapsulated for transport using afirst transport protocol, and a second data stream that is
encapsulated for transport using a second transport protocol. The first data stream is modulated
on awavelength with afirst polarization mode of apolarization division modulation scheme and
the second data stream is modulated on the wavelength with a second polarization mode of the
polarization division multiplex transmission scheme. The second polarization mode is
orthogonal to the first polarization mode. The first and second data streams are combined into a
single wavelength for transmission over a single optical fiber using apolarization beam

combiner such that the first and second polarization modes travel independently through an
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optical fiber on the single wavelength. When MDM isemployed, aplurality of data or protocol
types may be transmitted independently using a single fiber and/or a single wavelength.

[0043] The techniques described herein provide several advantages. For example, thereisno
need to have aconverged digital layer between heterogeneous traffic types (packet, TDM, etc.)
or between asynchronous version of the same protocol. There isno need to implement additional
protocols that add overhead and complexity (generic framing procedure (GFP), generic mapping
procedure (GMP), pseudo wires, etc.), that waste bandwidth.

[0044] Packet traffic streams inherit OAM and fault propagation provided by TDM
technology (SONET/SDH or OTN), and thereby provides awell known, stable, and reliable
solution. Since the staff is already trained fir TDM, the operational expenses are reduced
because there is no need train staff on new provisioning and OAM suites. This carrier class
solution iswidely accepted by numerous service operators. There isno need to invent,
standardize, implement new protocols, and no need for new or dedicated hardware in the packet
data path.

[0045] By removing dedicated hardware in the packet data path, e.g., dedicated ASICs, there
isless power consumption on both the transmitter and the receiver, and there is one less digital
processing step for mapping and demapping traffic over convergence and common framing
layers. Removing both integrated circuit chips and processing steps also reduces network
latency. Many applications such asfinancial, video, voice, online gaming, among others, are
latency dependent, and network operators are very sensitive to the demands of their clients with
regard to these near real-time applications. The techniques provide a single solution that
supports legacy and future transport platforms.

[0046] The above description isintended by way of example only.
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What isclaimed is:

1. A method comprising:

receiving afirst data stream that i s encapsulated for transport using afirst transport
protocol;

receiving a second data stream that is encapsulated for transport using a second transport
protocol;

modulating the first data stream on awavelength with afirst polarization mode of a
polarization division modulation scheme to produce afirst modulated data stream with the first
polarization mode; and

modulating the second data stream on the wavelength with a second polarization mode of
the polarization division multiplex transmission scheme to produce a second modulated data
stream with the second polarization mode, wherein the second polarization mode is orthogonal to

the first polarization mode.

2. The method of claim 1, further comprising generating the first data stream independently

from the second data stream.

3. The method of claim 1, further comprising generating the first and second data streams

for synchronous or asynchronous transmission.

4, The method of claim 1, further comprising generating the first data stream for time
division multiplex network transmission and the second data stream for packet switched network

transmission.

5. The method of claim 4, further comprising adjusting atransmission rate of the second
data stream such that clock recovery at areceiver that receives the wavelength can use asingle
clock recovery mechanism for optical to electrical conversion of the first and second data

streams.

-12-



WO 2013/085653 PCT/US2012/063773
13

6. The method of claim 1, further comprising generating the first and second data streams

without apacket based or time division multiplex based convergence layer.

7. The method of claim 1, further comprising generating the first and second data streams

without a common framing layer.

8. The method of claim 1, wherein modulating the first data stream and modulating the
second data stream comprises modulating according to one or more of an N-quadrature

amplitude modulation scheme and an N-phase shift keying modulation scheme.

9. The method of claim 1, further comprising combining the first and second modul ated
data streams for transmission over a single optical fiber using a polarization beam combiner such
that the first and second polarization modes travel independently through the optical fiber on the

wavelength.

10. The method of claim 1, wherein modulating the first data stream comprises modulating
the first data stream for transmission over afirst propagation mode in amultimode division
multiplexing scheme, and wherein modulating the second data stream comprises modulating the
second data stream for transmission over a second propagation mode in a multimode division

multiplexing scheme.

11. The method of claim 10, further comprising launching the first and second data streams
onto a single optical fiber using a multimode beam combiner, wherein the first and second

propagation modes travel independently through optical fiber.

12.  An apparatus comprising:
one or more input units configured to:
receive the first data stream that i s encapsulated for transport using afirst
transport protocol;
receive the second data stream that i s encapsulated for transport using a second

transport protocol; and
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one or more optical modulators configured to:

modulate the first data stream on awavelength with afirst polarization mode of a
polarization division modulation scheme; and

modulate the second data stream on the wavelength with a second polarization
mode of the polarization division multiplex transmission scheme, wherein the second

polarization mode is orthogonal to the first polarization mode.

13. The apparatus of claim 12, further comprising one or more digital-to-analog

converters configured to convert the first and second data stream into analog signals.

14. The apparatus of claim 12, further comprising apolarization beam combiner
configured to combine outputs of the one or more optical modulators for transmission over a

single optical fiber.

15. The apparatus of claim 12, wherein the one or more optical modulators are
configured to modulate the first and second data streams for transmission over arespective
modes of asingle optical fiber in amultimode division multiplexing scheme, and further
comprising a multimode beam combiner configured to launch outputs of the one or more optical

modulators onto the single optical fiber.

16. The apparatus of claim 12, further comprising a data transmission rate adaptation
unit configured to adjust adata transmission rate of the first data stream to match adata

transmission rate of the second data stream.
17. A system comprising the apparatus of claim 17, and further comprising areceiver

with a single clock recovery unit configured to recover the first and second data streams using

the single clock recovery unit.
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18. A method comprising:

receiving afirst data stream that i s encapsulated using afirst protocol;

receiving a second data stream that i s encapsulated using a second protocol;

modulating the first data stream on afirst transmission mode of a single optical fiber to
produce afirst modulated data stream;

modulating the second data stream on a second transmission mode of the single optical
fiber to produce a second modulated data stream; and

combining the first and second modulated data streams according to the first and second

transmission modes of the single optical fiber.

19. The method of claim 18, further comprising generating the first data stream

independently from the second data stream for synchronous or asynchronous transmission.

20. The method of claim 18, further comprising generating the first data stream for
time division multiplex network transmission and the second data stream for packet switched

network transmission.

21. The method of claim 18, further comprising generating the first and second data

streams without a convergence layer or acommon framing layer.
22. The method of claim 18, wherein combining comprises combining the first and

second modulated data streams for transmission over the single optical fiber using one of a

polarization beam combiner and a multimode beam combiner.
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FIG. 5

Receive a first data stream that is encapsulated for transport using a
first transport protocol

A 4

Receive a second data stream that is encapsulated for transport using
a second transport protocol

A

Modulate the first data stream on a wavelength with a first polarization
mode of a polarization division modulation scheme to produce a first
modulated data stream with the first polarization mode

A 4

Modulate the second data stream on the wavelength with a second
polarization mode of the polarization division multiplex transmission
scheme to produce a second modulated data stream with the second
polarization mode, where the second polarization mode is orthogonal to
the first polarization mode

y

Combine the first and second modulated data streams for transmission

over a single optical fiber using a polarization beam combiner such that

the first and second polarization modes travel independently through an
optical fiber on the wavelength
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