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Systems and Methods for Cancelling Cross Polarization 

Interference in Wireless Communication Using Polarization 

Diversity 

 

 

Field of the Invention(s) 

[0001] The present invention(s) relate to wireless communications systems, and more 

particularly, some embodiments relate to wireless communications systems that utilize signals 

having polarization diversity.  

Description of the Related Art  

[0002] Fading is a common impairment at quality and reliability of radio links between 

communications sites in a point-to-point wireless communications system.  Fading often 

results from environmental anomalies (e.g., atmospheric anomalies) that affect a signal as the 

signal propagates from one end of a radio link to another.  Fading is generally divided into two 

categories: non-frequency selective fading, and frequency selective fading. 

[0003] Non-frequency selective fading (also referred to as power fading, attenuation fading, 

and flat fading) affects the amplitude of all frequencies in a radio frequency (RF) path equally 

and simultaneously.  Fading of this type usually results in a weak, yet undistorted, signal.  

Common causes of non-frequency selective fading include, for example, obstructions in the RF 

path (e.g., trees and/or buildings), rain attenuation (for signal frequencies 10GHz and higher), 

earth budging (diffraction loss caused by the earth's surface), and ducting effect (where the 

earth's atmosphere acts as a duct capable of trapping the signal within itself). 

[0004] Frequency selective fading (also referred to as multi-path fading and dispersion 

fading) affects the amplitude of frequencies in a RF path differently and at different times.  

Frequency selective fading often results in a distorted signal.   

[0005] Due to the deleterious effects of fading issues on radio links, conventional wireless 

communications systems typically ensure that the signal level of a radio link at least meets a 
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sufficient margin of a signal level before the radio link is utilized for data transmission and 

reception.  This margin of signal level, often called a fade margin, is generally defined as the 

margin between a typical receive signal level and a minimum receive signal level threshold.  

The fade margin helps determine the availability of a radio link in wireless communications 

systems, especially point-to-point wireless communications systems.   

[0006] Some conventional wireless systems employ various methods for ensuring that the 

signal level is within the fade margin.  These methods often achieve this by either protecting 

the radio frequency (RF) path between the communications sites, protecting the equipment, or 

both.  Examples of such protective methods include: (1) spatial diversity; (2) frequency 

diversity; (3) using multiple antenna such as Multiple Input, Multiple Output (MIMO); (4) 

increasing transmit power; and (5) using protected transmitter and receivers.  Unfortunately, as 

detailed below, each of these methods of improving wireless communications between sites 

suffers from one or more drawbacks.   

[0007] With respect to spatial diversity, in order to achieve transmit (Tx) and receive (Rx) 

space diversity, two or more antennas are often required at each site.  As a result, 

implementing spatial diversity in a wireless communications system not only increases the 

number of antennas used by systems (e.g., doubles the number of antennas), but also increases 

the system cost.  Additionally, where the wireless communications system is already in use and 

utilizing an existing antenna tower, that antenna tower would require additional physical area 

to mount the additional antennas.   

[0008] A drawback of frequency diversity is that additional allocation of frequency spectrum 

is required for the wireless system.  The additional allocation both increases spectrum usage 

and requires additional frequency licenses (i.e., additional frequency spectrum leases).  

Consequently, frequency diversity reduces the efficiency of spectrum usage and increases the 

frequency spectrum cost for the wireless system.   

[0009] With regard to MIMO systems, like spatial diversity, MIMO systems require two or 

more antennas to achieve transmit (Tx) and receive (Rx) space diversity.  Accordingly, 

implementing MIMO in a wireless communications system increases the number of antennas 

at the communications site, increases the system cost, and requires additional physical area on 

antenna towers.   
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[0010] In order to increase the transmit power, a higher power transmitter is usually 

implemented at the transmitting communications site.  Unfortunately, higher power transmitter 

are not only higher in cost than their regular counterparts, but also, due to their higher power 

consumption and higher temperature stress, are not as reliable as their regular counterparts.  

Furthermore, merely increasing the transmit power does not provide the system with the 

opportunity to increased data throughput.   

[0011] Lastly, protected transmitters and receivers suffer from drawbacks similar to those 

affecting high powered transmitters.  Protected transmitters and receivers have higher costs 

than their regular counterparts, fail to increase data capacity in the wireless system, and 

consume more DC power than their non-protected counterparts.   
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Summary of Embodiments 

[0012] According to various embodiments, systems and methods are provided that improve 

signal quality and signal reliability over short and long-distance wireless communication using 

polarization diversity.  In particular, some embodiments use polarization diversity on a 

wireless channel to address and compensate for fading conditions on a wireless channel, such 

as non-frequency selective fading (also referred to as power fading, attenuation fading, and flat 

fading) and frequency selective fading (also referred to as multipath fading and dispersive 

fading).  For example, some embodiments utilize a horizontal signal and a vertical signal on 

the same wireless channel when wirelessly communicating data between a transmitter and a 

receiver to address a fading condition over a wireless channel.   

[0013] By utilizing polarization diversity, various embodiments are able to provide improved 

wireless communication availability and reliability without the need for: (1) adding extra 

antennas; (2) obtaining and using additional frequency spectrums; and (3) using increased 

power amplifiers.  Consequently, in addition to improving the wireless communication, some 

embodiments do so: (a) at a lower cost (e.g., no additionally antennas make it easier to 

implement); (b) while improving communication availability over longer distance; and (c) 

while improving frequency spectrum reuse and efficiency.  Additionally, as described herein, 

in situations where the condition of the wireless channel is experiencing no fading condition, 

some embodiment can increase the data rate (i.e., data throughput) over a wireless channel.   

[0014] It should be noted that, throughout this document, signals embodying polarization 

diversity with respect to one another are often referred to herein as “polarization-diverse 

signals.”  For example, a vertically polarized signal and a horizontally polarized signal are 

considered polarization-diverse signals and may be referred to as such.  The same is true for a 

clockwise circularly polarized signal and a counterclockwise circularly polarized signal.   

[0015] Depending on the embodiment, the polarization diversity of the signals may be such 

that the polarized-diverse signals are not correlated with respect to one another, or are less 

correlated with respect to one another.  Usually, when the polarization-diverse signals are not 

correlated or less correlated, when one of the polarization-diverse signals is being affected by a 

fading condition on the wireless channel, the other is less affected (or remains completely 

unaffected) by the same fading condition.  For example, where an embodiment is using a 

horizontally polarized signal and a vertically polarized signal on a wireless channel, the two 
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polarization-diverse signals have different qualities that cause them to be affected differently 

by a given fading condition over a given wireless channel.   

[0016] Accordingly, some embodiments are able to utilize the unique behavior of 

polarization-diverse signal under fading conditions to implement data transmission redundancy 

over a wireless channel.  For example, in some embodiments, each of the polarization-diverse 

signals carries the same data so that even when a wireless channel is experiencing a fading 

condition, at least one of the polarization-diverse signals (the one that is less affected or 

unaffected by the fading condition) can reach its destination (i.e., receiver) with the data intact.   

[0017] Then, as noted herein, when a wireless channel is not experiencing a fading 

condition, some embodiments are able to utilize polarization diversity to provide increased 

(e.g., double) data transmission. For example, in some embodiments, each of the polarization-

diverse signals may be configured to carry a different portion of a data stream to its destination 

when the wireless channel is without a fading condition.  Because all of the transmitted 

polarization-diverse signals usually reach their destination in absence of fading conditions, 

when the signals reach their destination they have effectively increased data throughput over 

using just one signal to deliver the data.   

[0018] Accordingly, in some embodiments, the data is adaptively split and combined 

according to a fading condition of the wireless channel.  For instance, where an embodiment 

detects a fading condition on the wireless channel, the polarization-diverse signals carry the 

same data, thereby ensuring that the data is reaches its destination by at least one signal, 

regardless of existence of fading conditions.  Then, when the same embodiment detects a 

fading condition on the wireless channel is not present, the data is split amongst the 

polarization-diverse signals such that they carry different data, thereby increasing the amount 

of data being conveyed over the wireless channel.   

[0019] In some embodiments, when the polarization-diverse signals are intended to carry 

different data (to increase data throughput), the different data originates from a single data 

stream that is split into two or more data streams according to one or more criteria.  For 

example, a single data stream may be split according to data block size (either variable or 

predefined size), data type, or priority of the data.   
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[0020] In some embodiments, other methodologies for increasing quality and reliability of 

communication over a wireless channel may also be utilized in conjunction with polarization 

diversity.  For example, some embodiments may utilize adaptive modulation in conjunction 

with the polarization diversity to improve wireless communication.  Under adaptive 

modulation, the digital or analog modulation scheme of the polarization-diverse signals is 

adaptively adjusted (i.e., both on the transmitter side and the receiver side) based on the 

presence or absence of a fading condition on the wireless channel.  Depending on the 

embodiment, the digital/analog modulation adjustment may be applied uniformly across all the 

polarization-diverse signals (e.g., by both the vertically polarized signal and the horizontally 

polarized signal), or differently for each polarization-diverse signal.  For instance, where an 

embodiment is using 256 QAM (quadrature-amplitude modulation) for both polarized signal 

and the horizontally polarized signal, the adaptive modulation may cause the embodiment to 

change one or both polarization-diverse signals to a 64 PSK (phase-shift key) modulation when 

the channel condition warrants such a change (e.g., fading condition has increased such that 

both polarization-diverse signals are adversely effected).   

[0021] In some embodiments, another methodology for increasing quality and reliability of 

communication over a wireless channel includes using a digital signal processor to further 

reduce the correlation between the polarization-diverse signals.   

[0022] As described herein, various embodiments may be implemented using a variety of 

components including, but limited to: transmitters, receivers, transceivers, transducers, 

antennas, modulators, demodulators, splitters, combiners, digital signal processors (DSPs), 

controllers, modems, or some combination or variation thereof.  For some embodiments, the 

features described herein are being implemented in a wireless point-to-point communications 

system, where the wireless channel is part of a point-to-point link between two 

communications sites.  For instance, some embodiments may be implemented as a split-mount 

system comprising an antenna capable of transmitting or receiving two polarizations, an 

outdoor-unit (ODU), and an indoor-unit (IDU).  While the ODU may comprise a transmitter, 

receiver, or transceiver, and a transducer, the IDU may comprise a DSP, a combiner or splitter, 

a modem, and a controller.   

[0023] In various embodiments, a transmitter/receiver pair facilitates communication 

between two sites over a single wireless channel, where the transmitting site comprises a 
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transmitter configured to send data over the single wireless channel using polarization-diverse 

signals, and where the receiving site comprises a receiver configured to receive data over the 

single wireless channel via the polarization-diverse signals.  The transmitter at the transmitting 

site, the receiver at the receiving site, or both may be part of a transceiver at that site.  

Additionally, for some embodiments, multiple transmitter/receiver pairs may be utilized 

between two communications sites to provide and establish multiple wireless channels between 

the two sites, with each transmitter/receiver pair facilitating a single wireless channel, and each 

wireless channel carrying a separate set of polarization-diverse signals.  

[0024] In some embodiments, the features described herein can be implemented into existing 

point-to-point wireless systems by way of replacement or upgrade of certain components.  For 

example, some embodiments may be implemented into existing wireless communications 

systems by merely updating or upgrading the ODU, IDU, or antenna of the system in order to 

implement features and functionality described herein.   

[0025] According to various embodiments, various steps described above are implemented 

using a computer.  For example, some embodiments may provide for a computer program 

product comprising a computer useable medium having computer program code embodied 

therein for controlling a wireless communications system in accordance with aspects of various 

embodiments described herein.   

[0026] According to various embodiments, systems and methods are provided for improving 

signal quality and signal reliability over wireless communication using polarization diversity.   

[0027] An exemplary system may comprise a first device, a second device, a single cable, a 

first power splitter, and a second power splitter.  The first device may be configured to process 

a noisy signal based on a vertically polarized signal from an antenna, to receive a first noise 

signal based on a horizontally polarized signal, and to adaptively cancel first noise from the 

signal based on the noisy vertically polarized signal, the adaptive cancellation being based on 

the first noise signal to generate a first clean signal.  The second device may be configured to 

process a noisy signal based on the horizontally polarized signal from the antenna, to receive a 

second noise signal based on the vertically polarized signal, and to adaptively cancel second 

noise from the signal based on the noisy horizontally polarized signal, the adaptive cancellation 

being based on the second noise signal to generate a second clean signal.  The first power 

splitter may be coupled to the first device and the single cable.  The first power splitter may be 
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configured to receive the first noise signal from the single cable, to provide the first noise 

signal to the first device, to receive the second noise signal from the first device, and to provide 

the second noise signal to the single cable.  The second power splitter may be coupled to the 

second device and the single cable.  The second power splitter may be configured to receive 

the second noise signal from the single cable, to provide the second noise signal to the second 

device, and to provide the first noise signal from the second device to the single cable. 

[0028] The first power splitter may provide the first noise signal to the first device over a 

first port.  Further, the first power splitter may receive the second noise signal from the first 

device over a second port.  The first port of the first power splitter being at least partially 

isolated from the second port.  The first and second power splitters may be reactive power 

splitters.  The first and second devices may be receivers. 

[0029] In some embodiments, adaptively cancelling first noise from the noisy signal based 

on the vertically polarized signal comprises equalizing the noisy signal based on the vertically 

polarized signal, the equalization being based at least partially on the first noise signal to 

attenuate at least some of the first noise.  In various embodiments, adaptively cancelling first 

noise from the noisy signal based on the vertically polarized signal comprises attenuating at 

least some of the first noise based at least partially on the first noise signal. 

[0030] The first and second noise may be caused by cross polarization interference.  In some 

embodiments, the first noise signal based on the horizontally polarized signal and the second 

noise signal based on the vertically horizontally polarized signal comprises the first noise 

signal being based on the first clean signal and the second noise signal being based on the 

second clean signal. 

[0031] The system may further comprise a combiner configured to receive the first clean 

signal from the first device and the second clean signal from the second device and generate a 

combined signal based on the first and second clean signals.  

[0032] In some embodiments, the system may further comprise an orthogonal transducer 

configured to receive the vertically polarized signal and the horizontally polarized signal from 

the antenna, to provide the noisy signal based on the vertically polarized signal to the first 

device, and to provide the noisy signal based on the vertically polarized signal to the second 

device.  Further, a waveguide filter may be configured to filter the vertically polarized signal 
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and the horizontally polarized signal from the antenna and provide the filtered vertically 

polarized signal and the horizontally polarized signal to the orthogonal transducer. 

[0033] A method may comprise receiving, by a first device, a noisy signal based on a 

vertically polarize signal, receiving, by the first device, a first noise signal based on a 

horizontally polarized signal, adaptively cancelling, by the first device, first noise from the 

noisy signal based on the vertically polarized signal, the adaptive cancellation being based on 

the first noise signal to generate a first clean signal,  receiving, by the second device, a noisy 

signal based on the horizontally polarized signal, receiving, by the second device, a second 

noise signal based on the vertically polarized signal, adaptively cancelling second noise from 

the noisy signal based on the horizontally polarized signal, the adaptive cancellation being 

based on the second noise signal to generate a second clean signal,  receiving, by a first power 

splitter, the first noise signal from a single cable, providing, by the first power splitter, the first 

noise signal to the first device, receiving, by the first power splitter, the second noise signal 

from the first device, providing, by the first power splitter, the second noise signal to the single 

cable, receiving, by a second power splitter, the second noise signal from a single cable, 

providing, by the second power splitter, the second noise signal to the second device, 

receiving, by the second power splitter, the first noise signal from the second device, and 

providing, by the second power splitter, the first noise signal to the single cable. 

[0034] An exemplary system comprises a first and second device, a first and second means, 

and a single cable.  The first device may be configured to process a noisy signal based on a 

vertically polarized signal from an antenna, to receive a first noise signal based on a 

horizontally polarized signal, and to adaptively cancel first noise from the signal based on the 

noisy vertically polarized signal, the adaptive cancellation being based on the first noise signal 

to generate a first clean signal.  The second device may be configured to process a noisy signal 

based on the horizontally polarized signal from the antenna, to receive a second noise signal 

based on the vertically polarized signal, and to adaptively cancel second noise from the signal 

based on the noisy horizontally polarized signal, the adaptive cancellation being based on the 

second noise signal to generate a second clean signal.  The first means may be for receiving the 

first noise signal from the single cable, providing the first noise signal to the first device, 

receiving the second noise signal from the first device, and providing the second noise signal to 

the single cable.  The second means may be for receiving the second noise signal from the 
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single cable, providing the second noise signal to the second device, and providing the first 

noise signal from the second device to the single cable. 

[0035] Other features and aspects of various embodiments will become apparent from the 

following detailed description, taken in conjunction with the accompanying drawings, which 

illustrate, by way of example, the features in accordance with some embodiments.  The 

summary is not intended to limit the scope of embodiments, which is defined solely by the 

claims attached hereto. 
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Brief Description of the Drawings 

[0036] The drawings are provided for purposes of illustration only and merely depict typical 

or example embodiments.  These drawings are provided to facilitate the reader’s understanding 

and shall not be considered limiting of the breadth, scope, or applicability various 

embodiments.   

[0037] FIG. 1 is a block diagram illustrating an example of a wireless communications 

system in accordance with some embodiments.   

[0038] FIG. 2 is a block diagram illustrating information flow in an example of a wireless 

communications system in accordance with some embodiments.   

[0039] FIG. 3 is a flowchart illustrating an example of a method for transmitting data in 

accordance with some embodiments.   

[0040] FIG. 4 is a flowchart illustrating an example of a method for receiving data in 

accordance with some embodiments.   

[0041] FIG. 5 is a block diagram illustrating an example of a microwave wireless 

communications system in accordance with some embodiments. 

[0042] FIG. 6 is a block diagram illustrating an example of an outdoor-unit (ODU)/radio 

frequency unit (RFU) in accordance with some embodiments. 

[0043] FIG. 7 is a block diagram illustrating an example of an indoor-unit (IDU)/signal 

processing unit (SPU) in accordance with some embodiments. 

[0044] FIG. 8 is a block diagram illustrating an example digital device in accordance with 

some embodiments.   

[0045] FIG. 9 is a block diagram illustrating an example of an outdoor-unit (ODU)/radio 

frequency unit (RFU) in accordance with some embodiments.   

[0046] Fig. 10 is a block diagram of a vertical polarization receiver and a horizontal 

polarization receiver configured to cancel noise caused by cross polarization interference 

utilizing a single cable in some embodiments. 
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[0047] FIG. 11 is a method for cancelling noise within a noisy signal based on a vertically 

polarized signal and cancelling noise within a noisy signal based on a horizontally polarized 

signal in some embodiments. 

[0048] Fig. 12 is a block diagram of a vertical polarization receiver and a horizontal 

polarization receiver configured to cancel noise caused by cross polarization interference 

utilizing a single cable in some embodiments.   

[0049] The figures are not intended to be exhaustive or to limit the embodiments to the 

precise form disclosed.  It should be understood that various embodiments may be practiced 

with modification and alteration. 
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Detailed Description of the Embodiments 

[0050] Embodiments are directed toward systems and methods for wireless communications 

using polarization diversity.  As described herein, various embodiments provide systems and 

methods that use polarization diversity on a wireless channel to address and compensate for 

fading conditions.  Some embodiments, for example, utilize a horizontal signal and a vertical 

signal on the same wireless channel to redundantly communicate data between 

communications sites when the same wireless channel is experiencing a fading condition.  By 

redundantly communicating data between communications sites, such embodiments make 

available a communications link (i.e., radio link comprising a wireless channel) that would 

otherwise be unavailable due to fading conditions.   

[0051] FIG. 1 is a block diagram illustrating an example of a wireless communications 

system 100, in accordance with some embodiments.  The illustrated wireless communications 

system 100 comprises a wireless communications site 102 and a wireless communications site 

120.  Both wireless communications sites 102 and 120 include: data interface modules 104 and 

122, a digital signal processor module 106 and 124, a combiner/splitter module 108 and 126, a 

control module 110 and 128, a transceiver module that handles the horizontally polarized 

signal 112 and 130, a transceiver module that handles the vertically polarized signal 114 and 

132, a orthogonal transducer module 116 and 134, and antennas 118 and 136.  The 

communications link 138 between the two sites represents the radio frequency (RF) path 

between site 102 and site 120, over which data is transmitted and received between the two 

sites.   

[0052] In wireless communications system 100, the data interface modules 104 and 122 are 

coupled to the digital signal processor modules 106 and 124, and represent a data source or 

data sink for their respective communications site.  The data interface modules 104 and 122 are 

configured to provide data intended for wireless transmission over the communications link 

138, receive data that has been wirelessly transmitted over communications link 138, or both.  

Generally, data to be transmitted by one communications site to the another is first provided to 

the digital signal processor module 106 or 124 for processing by their respective data interface 

module 104 or 122.  Conversely, data that has been received by one communications site from 

another may be processed by the digital signal processor module 106 or 124 and then provided 

to the data interface module 104 or 122.  Depending on the embodiment, the data interface 
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module 104 or 122 may be coupled to a data network or to a digital device, such as the digital 

device 800 illustrated in FIG. 8.   

[0053] The digital signal processor modules 106 and 124 are respectively coupled to the data 

interface modules 104 and 122, and respectively coupled to the combiner/splitter modules 108 

and 126.  The digital signal processor modules 104 and 122 are responsible for processing data 

received from their respective data interface modules 104 or 122, and for processing data 

streams from their respective combiner/splitter module 108 and 126.  In some embodiments, 

when a wireless communications site is wirelessly transmitting data, a digital signal processor 

module 106 or 124 receives data from its respective data interface module 104 or 122, 

processes the data, and provides a corresponding data stream to its respective combiner/splitter 

module 108 or 126.  Conversely, when the wireless communications site 102 or 120 is 

receiving wirelessly transmitting data, in some embodiments, the digital signal processor 

module 106 or 124 receives a data stream from its respective combiner/splitter module 108 or 

126, processes the data stream, and provides corresponding data to its respective data interface 

module 104 or 122.   

[0054] Those skilled in the art will appreciate and understand that the data stream received 

by the digital signal processor module 106 or 124 may be in the form of binary data or an 

analog signal.  The digital stream may comprise I-Q data (i.e., in-phase data and quadrature-

phase data) in binary form or as analog signals.  As such, in some embodiments, where the 

combiner/splitter module 108 or 126 operates in the analog domain (e.g., the module splits or 

combines based on the analog level), the data stream provided by the digital signal processor 

module 106 or 124 may appropriately be an analog signal.  Alternatively, in some 

embodiments, where the combiner/splitter module 108 or 126 operates in the digital domain 

(e.g., the module splits or combines based on the bit level), the data stream generated by the 

digital signal processor module 106 or 124 may appropriately be a binary data stream.   

[0055] The digital signal processor module 106 or 124 may comprise a digital signal 

processor, a digital-to-analog converter, an analog-to-digital converter, or some combinations 

or variations thereof.  The digital signal processor module 106 or 124 may be configured to 

process data for a number of purposes including, for example, conversion of data (e.g., 

converting between data and I-Q data), data compression, error correction, processing to 

further reduce of correlation between the polarization-diverse signals, filtering, and measuring 
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data signals.  For example, by processing the data stream received from the combiner/splitter 

108 or 126, the digital signal processor module 106 or 124 may measure, or assist in the 

measurement, of the overall strength of a signal stream received by the antenna 118 or 136.  

Additionally, based on wireless channel conditions, the digital signal processor module 106 or 

124 may be utilized to: determine whether an power adjustment is warranted for one or more 

of the polarization-diverse signals being transmitted (e.g., increase power of the vertically or 

horizontally polarized signal); determine whether more data should be diverted to one 

polarization-diverse signal over another; determine whether one of the polarization-diverse 

signals should be disabled; or assist in adaptive modulation process (e.g., help determine the 

best modulation for a transceiver module).   

[0056] As described herein, in some embodiments, measurement of signal strength may be 

used to determine whether a received signal meets a minimum receive signal level threshold.  

From this determination, a receiving communications site may determine whether the wireless 

channel on which a signal is received is experiencing a fading condition, and may inform the 

transmitting communications site accordingly.  To address the fading condition, the 

transmitting communications site may transmit data such that polarization-diverse signals carry 

redundant data, thereby increasing the likelihood that data transmitted is successfully received 

by the receiving communications site.  Depending on the embodiment, the transmitting 

communications site may transmit data redundantly when instructed to do so by the receiving 

communications site, or based on the transmitting communications site's own determination.   

[0057] For some embodiments, information regarding wireless channel conditions is shared 

between the communications sites 102 and 120 in the form of channel state information (CSI), 

which may be transmitted by a communications site 102 to its counterpart communications site 

120 on a periodic basis.  In addition to sharing the measured strength of the signal received 

(e.g., as a received signal strength indicator [RSSI]), communications sites 102 and 120 may 

gather and share other information regarding observed conditions, such as signal-to-noise 

(SNR) ratio over the wireless channel and telemetry data.   

[0058] Continuing with FIG. 1, each of the combiner/splitter modules 108 and 126 is 

coupled to the digital signal process module 106 or 124, a transceiver module that handles the 

horizontally polarized signal 112 or 130, and a transceiver module that handles the vertically 

polarized signal 114 or 132.  Each of the combiner/splitter modules 108 and 126 is also 
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coupled to a control module 110 or 128, which is responsible for controlling the 

combiner/splitter module 108 or 126 in accordance with features of an embodiment.  As noted 

herein, the combiner/splitter modules 108 and 126 are configured to divide or combine an 

original data stream based on the current conditions of a wireless channel between sites 102 

and 120.   

[0059] Those of ordinary skill in the art would appreciate that in some embodiments, a the 

combiner/splitter modules 108 and 126 may be replaced by a router module that routes signals 

to a passive splitter module and a passive combiner module.  For example, in some 

embodiments, the passive combiner module may comprise a passive concatenator, and a 

passive redundancy comparator.  In some embodiments, the router module may be controlled 

by the control modules 110 or 128.   

[0060] In some embodiments, when a wireless channel being utilized between two 

communications sites 102 and 120 is experiencing a fading condition, the transmitting 

communications site may configure itself to transmit redundant data on polarization-diverse 

signals in order to address the fading condition.  For instance, the combiner/splitter module 108 

for the transmitting communications site 102 may be instructed (e.g., by its respective control 

module 110) to generate a first data stream and a second data stream from the original data 

stream received by the digital signal processor module 106.  Each of the first and second data 

streams may be redundantly identical to each other.  Subsequently, each of the first and second 

data streams may be provided by the combiner/splitter module 108 to the transceiver modules 

112 and 114 – (e.g., one data stream going to a transceiver module (horizontal) 112, and the 

other data stream going to the transceiver (vertical) 114). 

[0061] The receiving communications site 120 may be configured to receive redundant data 

on the polarization-diverse signals in order to address the fading condition.  For example, the 

combiner/splitter module 126 may be instructed (e.g., by the control module 128) to combine a 

first data stream and a second data stream received from the transmitting site 102 to create a 

single data stream, where the first and second data streams are assumed to be redundantly 

identical to the single data stream.  Each of the first and second data streams are received by 

the combiner/splitter module 126 from its pair of transceiver modules – one data stream from 

the transceiver (horizontal) module 130, and the other data stream from the transceiver 

(vertical) module 132.   



      - 17 -  
 

[0062] For some embodiments, when the wireless channel being utilized is no longer 

experiencing a fading condition, the transmitting communications site may configure itself to 

divide the original data stream into two or more data streams such that each of the data streams 

contains a different portion of the original data stream, and to transmit those two or more 

streams using the polarization-diverse signals such that each polarization-diverse signal carries 

different data.  In order to receive the data, the receiving communications site may configure 

itself accordingly to combine the data streams extracted from received polarization-diverse 

signals, and create a single data stream.   

[0063] For instance, the combiner/splitter module 108 for the transmitting communications 

site 102 may be instructed (by its respective control module 128) to split a first data stream and 

a second data stream from the original data stream, each of the first and second data streams 

containing mutually exclusive portions of data from the original data stream.  Subsequently, 

each of the first and second data streams may be provided by the combiner/splitter module 108 

to the pair of transceiver modules 112 and 116 – one data stream going to a transceiver 

(horizontal) module 112, and the other data stream going to a transceiver (vertical) module 

114.  Depending on the embodiment, the splitting process may divide the original data stream 

based on a number of criteria including, for example, data type, data block size, and priority of 

data.   

[0064] Conversely, the receiving communications site 120 may configure itself to receive 

different data on each of the polarization-diverse signals.  For example, the combiner/splitter 

module 126 may be instructed to concatenate portions of a first data stream received with 

portions of a second data stream received in order to create a single data stream comprising 

data from the transmitting communications site 102.   

[0065] For some embodiments, when the wireless channel lacks a fading condition, the 

transmitting and receiving communications sites configure themselves to operate as a Cross 

Polarization Interference Cancellation (XPIC) wireless system, which may appropriately 

double the data bandwidth over a wireless channel using polarization-diverse signals.   

[0066] The transceiver modules 112, 114, 130, and 132 are coupled to their respective 

combiner/splitter modules 108 or 126 and orthogonal transducer modules 116 or 134.  

Depending on the embodiment, the transceiver modules may comprise a digital signal 

processor that is different and separate from the digital signal processor of the digital signal 



      - 18 -  
 

processor module 106 or 124.  As described herein, the transmitting communications site 102 

may have a pair of transceiver modules such that one transceiver module 112 handles the radio 

frequency (RF) path of the horizontally-polarized signal, and the other transceiver module 114  

handles the radio frequency (RF) path of the vertically-polarized signal.  Similarly, the 

receiving communications sites 120 may have a pair of transceiver modules such that one 

transceiver module 130 handles the radio frequency (RF) path of the horizontally-polarized 

signal, and the other transceiver module 132 handles the radio frequency (RF) path of the 

vertically-polarized signal.   

[0067] When communications site 102 is transmitting data to site 120, each of its transceiver 

modules 112 and 114 receives a different data stream from the combiner/splitter module 108, 

modulates the data stream onto a carrier signal having the center frequency of the wireless 

channel to be utilized, and provides via the orthogonal transducer module 116.  Then, when the 

communications site 120 is receiving data from site 102, each of its transceiver modules 130 

and 132 receives a different carrier signal from the orthogonal transducer module 134, 

demodulates the carrier signal to extract a data stream from the carrier signal, and provides that 

data stream to the combiner/splitter module 126.  Those skilled in the art would appreciate that 

the communications sites 102 and 120 may switch roles and continue to operate in a similar 

manner.  

[0068] The transceiver modules 112 and 114 may also modulate the data stream onto the 

carrier signal using a variety of data modulation schemes including, but not limited to, 

quadrature-amplitude modulation (QAM), phase-shift keying (PSK), frequency-shift keying 

(FSK), trellis coded modulation (TCM), and variations thereof.   

[0069] Additionally, for some embodiments, the transceiver modules 112 and 114 may 

further implement adaptive modulation schemes configured to adjust the data modulation of 

the data stream onto the carrier signals based on the conditions of the wireless channel.  For 

example, when the wireless channel conditions between two communications sites change such 

that they adversely affect the vertically-polarized signal traveling over the wireless channel but 

not the horizontally-polarized signal, the transmitting communications site may adjust the data 

modulation of the carrier signal for the vertically-polarized signal from 256 QAM to 16 QAM.  

This change may be applied uniformly to the horizontally-polarized signal as well, or may be 

isolated to just the vertically-polarized signal.  In some embodiments, the modulation change 
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implemented by the adaptive modulation may be uniform across all carrier signals provided by 

the combiner/splitter module 108, and not just isolated to the polarization-diverse signal that is 

adversely affected by the wireless channel conditions.  Additionally, in various embodiments, 

the determination or activation of an alternative modulation at the transmitting 

communications site 102 may be determined remotely by the receiving communications site 

120, which then instructs the transmitting communications site 102 of its determination.   

[0070] As described herein, each of the orthogonal transducer modules 116 and 134 is 

coupled to an antenna 118 or 136 and a pair of transceiver modules 112 and 114, or 130 and 

132, respectively.  One transceiver 112 of the pair may be coupled to the horizontal 

polarization port of the orthogonal transducer module 116, and the other transceiver 114 may 

be coupled to the vertical polarization port of its orthogonal transducer module 116.   

[0071] When the communications site 102 is transmitting data, the orthogonal transducer 

module 116 receives modulated carrier signals from its respective transceiver modules 112 and 

114, polarizes the modulated carrier signals according to the port designations (i.e., vertical 

polarization, and horizontal polarization), and provides the resulting polarized signals through 

the  respective antenna 118.  Conversely, when the communications site 120 is receiving data, 

the orthogonal transducer module 134 receives polarized-diverse signals from the antenna 136 

(i.e., a vertical polarization signal and a horizontal polarization signal), and depolarizes the 

polarized-diverse signals, which results in a modulated carrier signal for each polarized-diverse 

signal.  These modulated carrier signals may be subsequently provided to transceiver modules 

132 and 134 via ports that correspond to different polarized-diverse signals (e.g., the 

modulated carrier signal from the vertically polarized signal is provided to the transceiver 132 

coupled to the vertical polarization port).   

[0072] The antennas 118 and 136 are coupled to their respective orthogonal transducer 

module 116 or 134, and are configured to either transmit orthogonally-polarized signals, 

receive orthogonally-polarized signals, or both, over the communications link 138.  For some 

embodiments, the antennas 118 and 136 are dual-polarization antennas that are directed at each 

other, and possibly have line-of-sight with respect to one another.   

[0073] It should be noted that in some embodiments, the original data stream may be split 

such that the first data stream and the second data stream contain some of the same data and 
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some different data.  In doing so, some embodiments are able to provide a mix of redundancy 

and throughput over the polarization-diverse signals transmitted.  

[0074] One of ordinary skill in the art would readily understand that where some 

embodiments implement point-to-point wireless communications (e.g., microwave/millimeter 

frequency communications system), bi-directional data transfer between two communications 

site (e.g., site 102 and site 120) may be facilitated using two or more separate wireless 

channels between the sites. Each wireless channel may have a different center frequency and 

carrying its own set of polarization-diverse signals.  For example, in the context of wireless 

communications system 100, a point-to-point wireless communications system may require 

one wireless channel to transmit data from site 102 to site 120, and require another wireless 

channel (i.e., having a different centery frequency) to transmit data from site 120 to site 102.  

In some embodiments, where more than one wireless channel is used to transmit data to a 

wireless communications site (or more than one wireless channel is used to receive data from a 

wireless communications site), each transmit or receive wireless channel may be facilitated by 

a set of transceivers (one for each polarization-diverse signal being transmitted) at the 

transmitting site, and a set of transceivers (one for each polarization-diverse signal being 

received at the receiving site).   

[0075] While the wireless communications system 100 is illustrated as it is, one of ordinary 

skill in the art would understand and appreciate that alternative components, configurations, 

and functions may be utilized when implementing various embodiments.  For instance, where 

wireless communications system 100 communicates data in only one direction (e.g., from site 

102 to site 120), the transceivers of transmitting site (e.g., site 102) may be replaced with 

transmitters, the transceivers of the receiving site (e.g., site 120) may be replaced with 

receivers (thereby allowing the site to only receive data), the combiner/splitter of the 

transmitting site (e.g., site 102) may be replaced with a splitter, and the combiner/splitter of the 

receiving site (e.g., site 120) may be replaced with a combiner.  In another example, the 

functions of the digital signal processor module, the combiner/splitter module, and the pair of 

transceivers modules at a single communications site may be implemented as one or more 

modules.   

[0076] Additionally, those skilled in the art will appreciate that various embodiments can be 

readily implemented in connection with a variety of other configurations, depending on the 
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particular wireless system being implemented.  For example, while some of the embodiments 

herein are described in the context of a general wireless communications system, it should be 

understood that other embodiments may be implemented in most any microwave/millimeter 

wave frequency wireless system, including split-mount systems, indoor-only systems, and 

systems where the signal processing and radio processing are in one unit.   

[0077] FIG. 2 is a block diagram illustrating information flow in an example of a wireless 

communications system 200 in accordance with some embodiments.  FIG. 2 illustrates how 

data flow in wireless system 200 when data is being transmitted from wireless communications 

site 202 to wireless communications site 220.  As shown, the flow of information begins at 

wireless communications site 202, when the data interface module 204 provides the digital 

signal processor module 206 with data 240 to be transmitted.  The digital signal processor 

module 206, in turn, processes the data 240 received and provides a data stream 242 to the 

combiner/splitter 208.   

[0078] The combiner/splitter module 208 splits the data 242 into  two data streams; one data 

stream 248 is intended for the vertical polarization RF path and the other data stream 246 is 

intended for the horizontal polarization RF path.  As noted herein, the combiner/splitter 

module 208 may divide  the two data streams in accordance with multiple conditions, 

including the present condition of the wireless channel being utilized between site 202 and site 

220.  Information regarding the condition of the wireless channel may be obtained from a 

number of sources including, but not limited to, channel condition information received from 

the receiving communications site (e.g., site 220), and channel condition information gathered 

by the transmitting communications site (e.g., site 202) when the transmitting communications 

site last functioned as a receiving communications site.   

[0079] The transceiver module 212 receives the first data stream 246 from the 

combiner/splitter module 208, and the transceiver module 214 receives the second data stream 

248 from the combiner/splitter module 208.  Each of the transceiver modules 212 and 214 may 

modulate their respective data stream onto a carrier signal having a center frequency of the 

wireless channel to be utilized.  The resulting modulated carrier signals 250 and 252, 

respectively, may be provided to the orthogonal transducer module 216.  The transceiver 

module 212 may provide the modulated carrier signal 250 to the horizontal port of the 
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orthogonal transducer module 216.  Likewise, the transceiver module 214 may provide the 

modulated carrier signal 252 to the vertical port of the orthogonal transducer module 216.   

[0080] The orthogonal transducer module 216 may horizontally polarize the modulated 

carrier signal 250 from the transceiver module 212, vertically polarize the modulated carrier 

signal 252 from the transceiver module 214, and provide both polarized signals 254 to the 

antenna 218 for transmission.  The (vertically and horizontally) polarized signals 256 are 

transmitted over the communications link 238, from antenna 218 to antenna 236.  The 

communications link 238 may comprise the wireless channel having the center frequency of 

the polarized carrier signals.   

[0081] Upon receiving the polarized signals, the antenna 236 at wireless communications 

site 220 may provide the polarized signals 258 to the orthogonal transducer module 234.  The 

orthogonal transducer module 234 may depolarize the polarized signals 258 to produce the 

modulated carrier signals 260 and 262.  The modulated carrier signal 260 produced by 

depolarizing the received horizontally polarized signal may be provided to the transceiver 

module 230 handling the horizontal polarization RF path.  Similarly, the modulated carrier 

signal 262 produced by depolarizing the received vertically polarized signal may be provided 

to the transceiver module 232 handling the vertical polarization RF path.   

[0082] The transceiver module 230 may demodulate the modulated carrier signal 260, and 

provides the resulting data stream 264 to the combiner/splitter module 226.  Likewise, the 

transceiver module 232 may demodulate the modulated carrier signal 262 received from the 

orthogonal transducer module 234, and provides the resulting data stream 266 to the 

combiner/splitter module 226.  The combiner/splitter module 226, in turn, may combine or 

concatenate the two data streams 264 and 266 to create a single data stream 268.  For some 

embodiments, the combiner/splitter module 226 combines or concatenates the two data streams 

based on how the combiner/splitter module 208 at site 202 generated data streams from the 

original stream.  Additionally, the combiner/splitter module 226 may perform operations in 

accordance with instructions provided by the control module 210.   

[0083] The combiner/splitter module 226 provides the resulting single data stream 268 to the 

digital signal processor 224.  Subsequent to processing the single data stream, the digital signal 

processor 224 provides resulting data 270 to the data interface module 222.   
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[0084] FIG. 3 is a flowchart illustrating an example of a method 300 for transmitting data in 

accordance with some embodiments.  Method 300 begins at step 302 by receiving data 

intended for transmission.  In some embodiments the source data may be received  by a data 

interface module 204 from a data network (e.g., modem) or a digital device.   

[0085] In step 304, a processed data stream is generated from the data received at step 302, 

where the generated processed data stream corresponds to the data received.  Depending on the 

embodiment, the processed data stream may be generated by a digital signal processor module 

206, and the processed data stream may be in the form of binary data or an analog signal.   

[0086] In step 306, a determination is made whether the wireless channel to be used in 

transmission of the data is experiencing a fading condition (i.e., the wireless channel is a fading 

wireless channel).  In some embodiments, a control module at the transmitting communications 

site may make this determination based on number of factors including, without limitation, 

information shared between the communications sites regarding the condition of the wireless 

channel to be used for data transmission (e.g., RSSI, CSI), and information shared between the 

communications sites regarding the condition of other wireless channels in use between the 

communications sites.   

[0087] If, in step 306, it is determined that the wireless channel to be used in transmission of 

the data is experiencing a fading condition, at step 308 the transmitting communications site 

may generate a first data stream and a second data stream from a higher priority data stream, 

each of which may be redundantly identical to the higher priority data stream and/or each 

other.  For some embodiments, step 306 entails: using a combiner/splitter module 208 at the 

transmitting communications site to generate a first data stream and a second data stream from 

the higher priority data stream, where each of the first and second data streams are redundantly 

identical to each other and to the higher priority data stream, and providing each of the first and 

second data streams to separate transceivers 212 and 214.   

[0088] Those skilled in the art will appreciate the differentiation of the data stream under 

fading condition from the data stream in a non-fading environment.  Under the fading 

condition, the capacity of the higher priority data stream may be approximately 50% of the 

original data stream since the first data stream and the second data stream may be redundantly 

identical. 
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[0089] If, in step 306, it is determined that the wireless channel to be used in transmission of 

the data is not experiencing a fading condition, at step 310 the transmitting communications 

site may divide the original data stream into a first data stream and a second data stream, each 

of which contains a different portion of data of the original data stream.  For some 

embodiments, step 308 entails: using a combiner/splitter module 208 at the transmitting 

communications site to generate a first data stream and a second data stream from the original 

data stream such that the original data stream is split amongst the first and second data streams, 

each of the first and second data streams contains mutually exclusive portions of the original 

data stream, and portions of the first and portions of the second data streams can be 

concatenated together by the receiving communications site to create a single data stream.  

Subsequently, each of the first and second data streams may be provided by the 

combiner/splitter module 208 to separate transceivers 212 and 214.   

[0090] It also should be noted that in some embodiments, where a data stream generated 

during step 304 is in the form of binary data, the data streams generated at steps 308 or 310 

may be in the form of binary data, and where a data stream generated during step 304 is in the 

form of an analog signal, the data streams generated at steps 308 or 310 may be in the form of 

an analog signal.   

[0091] Subsequently, in step 312, the first data stream is modulated onto a first carrier signal, 

and in step 314, the second data stream is modulated onto a second carrier signal.  Depending 

on the embodiment, steps 312 and 314 may be performed in any order (e.g., sequentially), or 

concurrently.  The first and second carrier signals utilized may have the center frequency of the 

wireless channel.  Additionally, in some embodiments, modulating the first and second data 

streams onto the first and second carrier signals, respectively, involves applying a digital 

modulation scheme.  Examples of digital modulation schemes that may be used include, 

without limitaiton, QAM, PSK, FSK, and TCM.   

[0092] For some embodiments, the modulation of the data streams onto carrier signals entails 

the use of a transceiver module 212 or 214 or transmitter module for each polarization-diverse 

signal to be transmitted to the receiving communications site.  Accordingly, in the case of 

method 300, some embodiments utilize two transceiver modules 212 and 214 or transmitter 

modules to modulate the first and second data streams onto the first and second carrier signals ( 

one module for the horizontally polarized signal to be transmitted to the receiving 
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communications site, and another module for the vertically polarized signal to be transmitted to 

the receiving communications site).   

[0093] In step 316, a first polarized carrier signal is generated from the first carrier signal, 

and in step 318, a second polarized carrier signal is generated from the second carrier signal.  

Generally, the first and second polarized carrier signals have the center frequency of the 

wireless channel to be used during data transmission.  In some embodiments, the first polarized 

carrier signal is a horizontally polarized signal, while the second polarized carrier signal is a 

vertically polarized signal.  Additionally, the first and second polarized signals may be 

generated using an orthogonal-mode transducer module 216 having one port to receive a first 

carrier signal, and another port to receive a second carrier signal.   

[0094] Once the polarized signals are generated, in step 320, the first and second polarized 

carrier signals are transmitted over the wireless channel to a remote antenna at a receiving 

communications site.  In some embodiments, the first and second polarized carrier signals are 

transmitted using an antenna 218 capable of transmitting polarization-diverse signals, either 

simultaneously or sequentially.   

[0095] FIG. 4 is a flowchart illustrating an example of a method for receiving data in 

accordance with some embodiments.  Turning now to FIG. 4, the method 400 begins at step 

402 by receiving a first polarized carrier signal and a second polarized carrier signal from a 

remote antenna at a transmitting communication site.  Generally, the first and second polarized 

carrier signals have the center frequency of the wireless channel being used to receive data.  

For some embodiments, the first and second polarized carrier signals are received using an 

antenna 236 capable of receiving polarization-diverse signals, either simultaneously or 

sequentially.  In some embodiments, the first polarized carrier signal is a horizontally polarized 

signal, while the second polarized carrier signal is a vertically polarized signal.   

[0096] In step 404, the first polarized carrier signal is depolarized to a first carrier signal, and 

in step 406, the second polarized carrier signal is depolarized to a second carrier signal.  In 

some embodiments, a orthogonal transducer module 234 performs the depolarization steps 

(e.g., sequentially or concurrently) upon receiving the first and second polarized carrier signals 

from an antenna 236.  Subsequently, the resulting first and second carrier signals may be 

provided to transceivers 230 and 232 through designated ports of the orthogonal transducer 

module 234.   
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[0097] In some embodiments, the first and second carrier signals that result from the 

depolarization steps are modulated to carry a data stream.  Where such is the case, in step 408 

the first carrier signal is demodulated to extract a first data stream from the first carrier signal, 

and in step 410, the second carrier signal is demodulated to extract a second data stream from 

the second carrier signal.  The steps 408 and 410 may be performed in any order (e.g., 

sequentially), or concurrently.  Usually, the first and second carrier signals utilized have the 

center frequency of the wireless channel being used to receive data.  For some embodiments, 

the first and second carrier signals are modulated using a digital modulation scheme and, as 

such, must be demodulated according to such scheme in order to extract the first and second 

data streams from the first and second carrier signals.  Examples of digital modulation schemes 

that may be used include, but are not limited to, QAM, PSK, FSK, and TCM.   

[0098] For some embodiments, the demodulation of the carrier signals to extract data 

streams entails the use of a transceiver module 230 or 232 or receiver module for each 

polarization-diverse signal received from the transmitting communications site.  In one 

example, two transceiver modules 212 and 214, or receiver modules, are utilized to demodulate 

the carrier signals to data streams- one module to demodulate the carrier signal originating 

from the received horizontally polarized signal, and the other module to demodulate the carrier 

signal originating from the received vertically polarized signal. 

[0099] In step 412, a determinate is made whether the wireless channel to be used in 

transmission of the data is experiencing a fading condition (i.e., the wireless channel is a fading 

wireless channel).  This determination may be based on number of factors including, without 

limitation, information shared between the communications sites regarding the condition of the 

wireless channel to be used for data transmission (e.g., RSSI, CSI), and information shared 

between the communications sites regarding the condition of other wireless channels in use 

between the communications sites.   

[00100] If, in step 412, it is determined that the wireless channel to be used in transmission of 

the data is experiencing a fading condition, at step 414 the transmitting communications site 

may combine the first data stream and the second data stream to create a single data stream, 

where each of the first and second data streams are redundantly identical to each other and the 

single data stream.  For some embodiments, step 412 entails: using a combiner/splitter module 

226 at the receiving communications site to combine the first data stream and the second data 
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stream to create the single data stream; and providing the created single data stream to a digital 

signal processor module 224 for further processing.   

[00101] If, in step 412, it is determined that the wireless channel to be used in transmission of 

the data is not experiencing a fading condition, at step 416 the receiving communications site 

may concatenate portions of the first data stream with portions of the second data stream to 

create a single data stream.  For some embodiments, step 416 entails: using a combiner/splitter 

module 226 at the receiving communications site to concatenate portions of the first data 

stream with portions of the second data stream to create the single data stream; and providing 

the created the single data stream to a digital signal processor module 224 for further 

processing.   

[00102] Depending on the embodiment, the data stream may be in the form of binary data or 

an analog signal.  For instance, where a combiner/splitter module 226 operates in the analog 

domain, the data stream generated would be an analog signal, and where a combiner/splitter 

module operates in the digital domain, the data stream generated would be a binary data 

stream.   

[00103] In step 418, data is generated from the single data stream, where the data corresponds 

to the single data stream created.  For some embodiments, the data may be generated using a 

digital signal processor module 224, which may subsequently provide the resulting data to a 

data network or digital device through a data interface module 222.   

[00104] FIG. 5 is a block diagram illustrating an example of a microwave wireless 

communications system 500 in accordance with some embodiments.  The example microwave 

communications system 500 is a split-mount wireless system comprising indoor units 

(IDU)/signal processing units (SPU) 506 and 516, outdoor units (ODU)/radio frequency units 

(RFU) 508 and 518, and antennas 510 and 520 at each of two communications sites 502 and 

512.  As shown, the microwave wireless communications system 500 facilitates 

communications between the network 504 at site 502 and the network 514 at site 512.   

[00105] The IDU/SPUs 506 and 516 may function as the signal processing units (SPU) for the 

microwave communications system 500.  Generally, locating the signal processing equipment 

in the IDU/SPU helps minimize the amount of equipment that has to be located in the 

ODU/RFUs 508 and 518, which is usually closer to the antennas 510 and 520.  For some 
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embodiments, each of the IDU/SPUs 506 and 516 comprises a digital signal processor module, 

a combiner/splitter module, a modem module, a power supply modules, and possibly auxiliary 

components/modules (e.g., for redundancy).    

[00106] As illustrated, the IDU/SPUs 506 and 516 are coupled to the ODU/RFUs 508 and 

518.  The ODU/RFUs may function as the radio frequency units (RFU) for the microwave 

communications system 500 and, as such, may include the intermediate frequency (IF) and 

radio frequency (RF) equipment needed to transmit and receive wireless signals over a wireless 

channel.  For example, in some embodiments, each of the ODU/RFUs 508 and 518 comprises 

two or more transceivers modules, and a transducer module that connects to the antenna (510 

and 520).  Generally, the ODU/RFUs 508 and 518 are responsible for converting the data 

stream (e.g., binary data or analog signal) from the IDU/SPUs 506 and 516 into corresponding 

wireless signal(s) to be transmitted via the antennas 510 and 520, and converting wireless 

signal(s) received via the antennas 510 and 520 into a corresponding data stream (e.g., binary 

data or analog signal) to be processed by the IDU/SPUs 506 and 516.  As noted herein, the 

antennas 510 and 520 may be configured to transmit and receive wireless signals.   

[00107] While the embodiments describe in FIG. 5 are described in the context of a 

microwave transmission system, some embodiments may be implemented in other wireless 

communications system, including indoor-only systems, and cellular phone systems, WiFi 

systems, and the like.   

[00108] FIG. 6 is a block diagram illustrating an example of an outdoor-unit (ODU)/radio 

frequency unit (RFU) 600 in accordance with some embodiments.  As illustrated, the outdoor 

unit (ODU)/radio frequency unit (RFU) 600 comprises a transceiver module 602 configured to 

handle the radio frequency (RF) path for a vertically polarized signal, a transceiver module 604 

configured to handle the RF path for a horizontally polarized signal, and a orthogonal 

transducer module 606 configured to polarize and depolarize signals.   

[00109] Each of the transceiver modules 602 and 604 is coupled to an IDU via either 

connection 608 or 610, which allows the transceivers to send and receive first and second data 

streams with the IDU.  Each of the transceiver modules 602 and 604 is also coupled to the 

orthogonal transducer module 606 through the vertical polarization and horizontal polarization 

ports of the orthogonal transducer module 606.  In some embodiments, these connections allow 

the transceivers to send non-polarized carrier signals to, and receive depolarized carrier signals 
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from, the orthogonal transducer module 606.  The orthogonal transducer module 606 is 

coupled to an antenna via connection 612, which allows the orthogonal transducer module 606 

to transmit and receive polarized wireless signals using the antenna.   

[00110] FIG. 7 is a block diagram illustrating an example of an indoor-unit (IDU)/signal 

processing unit (SPU) 700 in accordance with some embodiments.  As shown, indoor unit 

(IDU)/signal processing unit (SPU) 700 comprises a data interface module 702, a digital signal 

processor module 704, and a combiner/splitter module 708 configured to combine and split 

data streams.  The data interface module 702 is coupled to a data network via connection 710 

and the digital signal processor module 704, and may be configured to convey data between 

the network and the digital signal processor module 704 via connection 710.   

[00111] The digital signal processor module 704 is coupled to the data interface module 702 

and the combiner/splitter module 708.  According to some embodiments: when the microwave 

communications system is transmitting, the digital signal processor module 704 may be 

configured to convert data received from the data interface module 702 to a processed data 

stream, which is then provided to the combiner/splitter module 708. When the microwave 

communications system is receiving, the digital signal processor module 704 may be 

configured to convert a processed data stream received from the combiner/splitter module 708 

to data, which is then provided to the data interface module 702.   

[00112] The combiner/splitter module 708 is coupled to the digital signal processor module 

704, an ODU, and a controller module 706.  The controller module 706 may be configured to 

control operation of the combiner/splitter module 708 (e.g., how to split or combine data 

streams).  In some embodiments, the combiner/splitter module 708 may be configured to split a 

data stream received from the digital signal processor module 704 into two data streams, which 

are then sent to an ODU via connections 712 and 714.  In various embodiments, the 

combiner/splitter module 708 may be configured to combine a two data streams received from 

an ODU, via connections 712 and 714, into one data stream, and provide the one data stream to 

the digital signal processor module 704 for processing.   

[00113] As used herein, the term set may refer to any collection of elements, whether finite or 

infinite.  The term subset may refer to any collection of elements, wherein the elements are 

taken from a parent set; a subset may be the entire parent set.   
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[00114] As used herein, the term module might describe a given unit of functionality that can 

be performed in accordance with one or more embodiments.  As used herein, a module might 

be implemented utilizing any form of hardware, software, or a combination thereof.  For 

example, one or more processors, controllers, ASICs, PLAs, PALs, CPLDs, FPGAs, logical 

components, software routines or other mechanisms might be implemented to make up a 

module.  In implementation, the various modules described herein might be implemented as 

discrete modules or the functions and features described can be shared in part or in total among 

one or more modules.  Even though various features or elements of functionality may be 

individually described or claimed as separate modules, one of ordinary skill in the art will 

understand that these features and functionality can be shared among one or more common 

software and hardware elements, and such description shall not require or imply that separate 

hardware or software components are used to implement such features or functionality.  

[00115] Where components or modules of some embodiments are implemented in whole or in 

part using software, in some embodiments, these software elements can be implemented to 

operate with a digital device capable of carrying out the functionality described with respect 

thereto.  An example of a digital device is shown in FIG. 8.   

[00116] FIG. 8 is a block diagram of an exemplary digital device 800.  The digital device 800 

comprises a processor 802, a memory system 804, a storage system 806, a communication 

network interface 808, an I/O interface 810, and a display interface 812 communicatively 

coupled to a bus 814.  The processor 802 may be configured to execute executable instructions 

(e.g., programs).  In some embodiments, the processor 802 comprises circuitry or any 

processor capable of processing the executable instructions.  

[00117] The memory system 804 is any memory configured to store data. Some examples of 

the memory system 804 are storage devices, such as RAM or ROM. The memory system 804 

can comprise the ram cache. In various embodiments, data is stored within the memory system 

804. The data within the memory system 804 may be cleared or ultimately transferred to the 

storage system 806.  

[00118] The storage system 806 is any storage configured to retrieve and store data. Some 

examples of the storage system 806 are flash drives, hard drives, optical drives, and/or 

magnetic tape. In some embodiments, the digital device 800 includes a memory system 804 in 

the form of RAM and a storage system 806 in the form of flash data.  Both the memory system 
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804 and the storage system 806 comprise computer readable media which may store 

instructions or programs that are executable by a computer processor including the processor 

802.  

[00119] The communication network interface (com. network interface) 808 can be coupled 

to a data network (e.g., data network 504 or 514) via the link 816. The communication network 

interface 808 may support communication over an Ethernet connection, a serial connection, a 

parallel connection, or an ATA connection, for example. The communication network interface 

808 may also support wireless communication (e.g., 802.11 a/b/g/n, WiMax). It will be 

apparent to those skilled in the art that the communication network interface 808 can support 

many wired and wireless standards.  

[00120] The optional input/output (I/O) interface 810 is any device that receives input from 

the user and output data. The optional display interface 812 is any device that may be 

configured to output graphics and data to a display.  In one example, the display interface 812 

is a graphics adapter.   

[00121] It will be appreciated by those skilled in the art that the hardware elements of the 

digital device 800 are not limited to those depicted in FIG. 8.  A digital device 800 may 

comprise more or less hardware elements than those depicted.  Further, hardware elements 

may share functionality and still be within various embodiments described herein.  In one 

example, encoding and/or decoding may be performed by the processor 802 and/or a co-

processor located on a GPU.   

[00122] FIG. 9 is a block diagram illustrating an example of an outdoor-unit (ODU)/radio 

frequency unit (RFU) 900 in accordance with some embodiments.  Upon receiving polarized 

signals from a remote antenna, a local antenna may provide the polarized signals to the 

orthogonal transducer module 902.  The polarized signal from the remote antenna may be the 

same frequency (e.g., a similar center frequency).  Unfortunately, atmospheric conditions 

and/or other variables may create crosstalk between the horizontal and vertical polarized 

signals. 

[00123] The orthogonal transducer module 902 may depolarize the polarized signals to 

produce modulated carrier signals.  The modulated carrier signal produced by depolarizing the 

received horizontally polarized signal may be provided to the horizontal transceiver module 
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904 handling the horizontal polarization RF path.  Similarly, the modulated carrier signal 

produced by depolarizing the received vertically polarized signal may be provided to the 

vertical transceiver module 906 handling the vertical polarization RF path.   

[00124] The horizontal transceiver module 904 may demodulate the received modulated 

carrier signal and provide the resulting data stream to the combiner/splitter module 908.  

Likewise, the vertical transceiver module 906 may demodulate the modulated carrier signal 

received from the orthogonal transducer module 902, and provide the resulting data stream to 

the combiner/splitter module 908.   

[00125] The combiner/splitter module 908, in turn, may combine or concatenate the two data 

streams from the horizontal transceiver module 904 and the vertical transceiver module 906, 

respectively, to create a single data stream.  For some embodiments, the combiner/splitter 

module 908 combines or concatenates the two data streams based on how the combiner/splitter 

module 908 at the transmitting site generated data streams from the original stream.  

Additionally, the combiner/splitter module 908 may perform operations in accordance with 

instructions provided by a control module 210 (e.g., control module 210 discussed regarding 

FIG. 2).   

[00126] The combiner/splitter module 908 may provide the resulting single data stream to a 

digital signal processor (e.g., digital signal processor 224).  Subsequent to processing the single 

data stream, the digital signal processor may provide resulting data to a data interface module.   

[00127] Those skilled in the art will appreciate that there may be interference between the two 

polarized signals and/or other noise that occurs during transmission of the signals from the 

transmitting antenna to the receiving antenna.  In some embodiments, the noise caused by the 

interference (e.g., residual noise from the horizontally polarized signal in the vertically 

polarized signal and residual noise from the vertically polarized signal in the horizontally 

polarized signal) may be cancelled or otherwise attenuated.  The noise caused by the 

interference may be cancelled and/or attenuated by one or more components of the ODU 900 

and/or the IDU. 

[00128] In various embodiments, the two transceiver modules at a receiving site (e.g., two 

transceiver module of an ODU or IDU associated with a receiving antenna) cancel and/or 

attenuate interference noise.  In one example, the horizontal transceiver module 904 receives a 



      - 33 -  
 

signal based on the vertically polarized signal (e.g., the depolarized modulated carrier signal 

based on the modulated carrier signal produced by depolarizing the vertically polarized signal) 

from the vertical transceiver module 906.  The horizontal transceiver module 904 may utilize 

the signal from the vertical transceiver module 906 to cancel or attenuate the interference 

residual of the modulated carrier signal produced by depolarizing the horizontally polarized 

signal.  Similarly, the vertical transceiver module 906 may receive a signal based on the 

horizontally polarized signal (e.g., the depolarized modulated carrier signal based on the 

modulated carrier signal produced by depolarizing the horizontally polarized signal) from the 

horizontal transceiver module 904.  The vertical transceiver module 906 may utilize the signal 

from the horizontal transceiver module 904 to cancel or attenuate the interference residual of 

the modulated carrier signal produced by depolarizing the vertically polarized signal. 

[00129] The signal based on the modulated carrier signal produced by depolarizing the 

vertically polarized signal provided from the vertical transceiver module 906 to the horizontal 

transceiver module 904 may be provided over a first cable.  The signal based on the modulated 

carrier signal produced by depolarizing the horizontally polarized signal provided from the 

horizontal transceiver module 904 to the vertical transceiver module 906 may be provided over 

a second cable.  The cables may be any kind of cables.  In one example, the cables are coaxial 

cables.  In some embodiments, the cables may be coupled between any two RF heads.  In one 

example,  the cables may each be coupled to ports on the horizontal transceiver module 904 

and the vertical transceiver module 906. 

[00130] The signal based on the modulated carrier signal produced by depolarizing the 

vertically polarized signal and the signal based on the modulated carrier signal produced by 

depolarizing the horizontally polarized signal may be at an intermediate frequency.  For 

example, the ODU, IDU, or both, may convert the frequency of signals received by the 

receiving antenna to an intermediate frequency (e.g., by utilizing one or more down 

converters).  Those skilled in the art will appreciate that the signal based on the modulated 

carrier signal produced by depolarizing the vertically polarized signal and the signal based on 

the modulated carrier signal produced by depolarizing the horizontally polarized signal may be 

at any frequency. 

[00131] Further, although FIG. 9 depicts the horizontal transceiver module 904 and the 

vertical transceiver module 906 as being within the ODU/RFU 900, those skilled in the art will 
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appreciate that the horizontal transceiver module 904 and/or the vertical transceiver module 

906 may be within the ODU or IDU.  Further, the horizontal transceiver module 904 and/or the 

vertical transceiver module 906 may be within any device even if the device is not a split 

mount system. 

[00132] The noise caused by interference may be cancelled or attenuated in any number of 

ways.  For example, the horizontal transceiver module 904 may comprise a processor or 

system on a chip that performs adaptive noise cancellation or noise attenuation on the 

modulated carrier signal produced by depolarizing the horizontally polarized signal.  The 

processor or system on a chip may detect or otherwise cancel noise utilizing the signal based 

on the vertically polarized signal (e.g., signal based on the modulated carrier signal produced 

by depolarizing the vertically polarized signal).  Those skilled in the art will appreciate that 

there may be any number of ways (e.g., separate passive and/or active components) to cancel 

or attenuate residual noise caused by cross polarization interference. 

[00133] In some embodiments, the horizontal transceiver module 904 may configure settings 

of an equalization module to attenuate or cancel components of the modulated carrier signal 

and then perform equalization based on the settings.  The settings may be based on the 

modulated carrier signal produced by depolarizing the vertically polarized signal from the 

vertical transceiver module 906.  Similarly, the vertical transceiver module 906 may also 

configure settings of an equalization module to attenuate or cancel components of the 

modulated carrier signal from the orthogonal transducer module 902 and then perform 

equalization based on the settings.  The settings of the vertical transceiver module 906’s 

equalization module may be based on the modulated carrier signal produced by depolarizing 

the horizontally polarized signal from the horizontal transceiver module 904.  Those skilled in 

the art will appreciate that there are many ways to cancel or attenuate residual noise caused by 

cross polarization interference utilizing signals associated with the noise to be cancelled or 

reduced.  

[00134] In some embodiments, to utilize the system depicted in FIG. 9, a pair of cables and 

multiple ports are required.  Multiple cables and multiple ports may add unnecessary cost.  

Further, during installation of an antenna, IDU, and/or ODU, workers may be required to bring 

extra cables and ports and install the extra equipment.  If the receivers are a part of the ODU or 

are otherwise outside, the ports and/or cables may be weatherized to protect against the 
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elements.  Further, weather and other factors (e.g., connecting cables on a tower) may make 

installation of the multiple cables and ports outside difficult. 

[00135] Fig. 10 is a block diagram 1000 of a vertical polarization receiver 1002 and a 

horizontal polarization receiver 1004 configured to cancel noise caused by cross polarization 

interference utilizing a single cable 1010 in some embodiments.  The block diagram 1000 

comprises a vertical polarization receiver 1002, a horizontal polarization receiver 1004, power 

splitters 1006 and 1008, and cable 1010. 

[00136] The vertical polarization receiver 1002 and the horizontal polarization receiver 1004 

may be any receivers configured to demodulate a carrier signal and/or process a signal.  In 

some embodiments, the vertical polarization receiver 1002 may demodulate a modulated 

carrier signal received from an orthogonal transducer module and provide the resulting data 

stream to a combiner/splitter.  Likewise, the horizontal polarization receiver 1004 may 

demodulate the modulated carrier signal received from the orthogonal transducer module, and 

provide the resulting data stream to the combiner/splitter.  In some embodiments, the vertical 

polarization receiver 1002 may be or may comprise an orthogonal transducer module (e.g., the 

orthogonal transducer module 902 in FIG. 9).  In some embodiments, the horizontal 

polarization receiver 1004 may be or may comprise an orthogonal transducer module (e.g., the 

orthogonal transducer module 904 in FIG. 9). 

[00137] The power splitters 1006 and 1008 may be any coupler, summer, power summer, or 

power splitter.  In some embodiments, the power splitter 1006 is a reactive power splitter that 

allows for at least some isolation between two inputs 1012 and 1014 coupled to the vertical 

polarization receiver 1002.  In one example, the power splitter 1006 provides for a 20-25 dB 

loss between the input 1012 and the input 1014.  For example, any leakage of the V to H signal 

that may reach the input 1014 may be reduced by 25 dB.  Those skilled in the art will 

appreciate that there may be any degree of attenuation, dB loss, and/or isolation between two 

inputs of the power splitters.  In some embodiments, the power splitter 1006 and 1008 are each 

transformers with a center tap and a resistor between windings.   

[00138] In various embodiments, the power splitter 1008 is a reactive power splitter that 

allows for at least some isolation between two inputs 1016 and 1018 coupled to the horizontal 

polarization receiver 1004.  In one example, the power splitter 1008 provides for a 20-25 dB 

loss between the input 1016 and the input 1018.  For example, any leakage of the V to H signal 
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that may reach the input 1018 may be reduced by 25 dB.  Those skilled in the art will 

appreciate that there may be any degree of attenuation, dB loss, and/or isolation between two 

inputs of the power splitters.   

[00139] The power splitters 1006 and 1008 may be coupled to the vertical polarization 

receiver 1002 and horizontal polarization receiver 1004, respectively, over contacts.  In some 

embodiments, the splitters 1006 and 1008 may be coupled to the vertical polarization receiver 

1002 and horizontal polarization receiver 1004 utilizing cables. 

[00140] In some embodiments, the power splitters 1006 and 1008 may be any router.  The 

power splitters 1006 and 1008 may be resistive power splitters.  In one example, the power 

splitters 1006 and 1008 may be resistive power splitters with matched impedance and/or 

isolation between two or more inputs 1012 and 1014 and/or 1016 and 1018  (e.g., increased 

isolation between inputs of the power splitter that are coupled to a receiver).  In various 

embodiments, impedance is matched on all ports and inputs of a power splitter.  For example 

impedance of inputs 1012 and 1016 as well as the interface with the cable 1010 (e.g., a port). 

[00141] In various embodiments, the vertical polarization receiver 1002 cancels or otherwise 

attenuates interference (e.g., cross polarization interference) caused by the horizontally 

polarized signal.  The vertical polarization receiver 1002 may receive a first modulated carrier 

signal from the orthogonal transducer module and may receive the second modulated carrier 

signal from the horizontal polarization receiver 1004 via the power splitter 1006, power splitter 

1008, and the cable 1010.  The vertical polarization receiver 1002 may cancel or attenuate the 

interference within the first modulated carrier signal caused by the horizontally polarized 

signal by utilizing the second modulated carrier signal to generate a clean signal.  In various 

embodiments, the vertical polarization receiver 1002 comprises a PVG 610 system on a chip 

capable of cancellation and/or attenuation based on a received signal.  The cleaned signal may 

be provided to a combiner module (e.g., combiner/splitter module 908). 

[00142] Similarly, in some embodiments, the horizontal polarization receiver 1004 cancels or 

otherwise attenuates interference caused by the vertically polarized signal.  The horizontal 

polarization receiver 1004 may receive a first modulated carrier signal from the orthogonal 

transducer module and may receive the second modulated carrier signal from the vertical 

polarization receiver 1002 via the power splitter 1006, power splitter 1008, and the cable 1010.  

The horizontal polarization receiver 1004 may cancel or attenuate the interference within the 
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first modulated carrier signal caused by the horizontally polarized signal by utilizing the 

second modulated carrier signal to generate a clean signal.  The cleaned signal may be 

provided to the combiner module (e.g., combiner/splitter module 908). 

[00143] The cable 1010 may be any cable including, for example, a coaxial cable. 

[00144] FIG. 11 is a method for cancelling noise within a noisy signal based on a vertically 

polarized signal and cancelling noise within a noisy signal based on a horizontally polarized 

signal in some embodiments.  Steps 1102-1110 may operate simultaneously or near 

simultaneously with steps 1112-1120. The steps 1102-1120 may be in any order (e.g., all or 

some steps of 1102-1110 may occur before or after any or all of the steps of 1112-1120). 

[00145] In step 1102, a first device 1002, such as a transceiver or receiver, may receive a 

noisy signal based on a vertically polarized signal.  In one example, the vertically polarized 

signal and a horizontally polarized signal with the same or similar frequencies may be received 

by an antenna.  The polarized signals may be depolarized and provided to the first and second 

devices, respectively.  The modulated signal (e.g., noisy signal) based on the vertically 

polarized signal may include noise (e.g., interference) caused by cross polarization of the 

horizontally polarized signal.  Similarly, the modulated signal (e.g., noisy signal) based on the 

horizontally polarized signal may include noise caused by cross polarization of the vertically 

polarized signal.   

[00146] In some embodiments, the modulated signal based on the horizontally polarized 

signal may be used to adaptively cancel the interference from the vertically polarized signal 

caused by the horizontally polarized signal.  In one example, the first device 1002 may 

adaptively cancel or attenuate noise of the modulated signal based on the horizontally 

polarized signal utilizing the modulated signal based on the vertically polarized signal. 

[00147] Similarly, the modulated signal based on the vertically polarized signal may be used 

to adaptively cancel the interference from the horizontally polarized signal caused by the 

vertically polarized signal.  In one example, the second device may adaptively cancel or 

attenuate noise of the modulated signal based on the vertically polarized signal utilizing the 

modulated signal based on the horizontally polarized signal. 

[00148] In step 1104, a first power splitter 1006 receives a first noise signal from a second 

power splitter 1008 via a single cable 1010.  The first power splitter 1006 provides the first 
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noise signal to the first device 1002.  The first power splitter 1006 may be coupled to a second 

power splitter 1008 by the single cable 1010.  The first noise signal may be based or a 

modulated signal (e.g., the modulated signal based on the horizontally polarized signal).   

[00149] In step 1106, the first power splitter 1006 receives a second noise signal from the first 

device 1002 and provides the first noise signal to the second power splitter 1008 via a single 

cable 1010.  The second noise signal may be based or a modulated signal (e.g., the modulated 

signal based on the vertically polarized signal).  The second noise signal may be utilized to 

cancel or attenuate noise from a signal (e.g., a noisy signal based on the horizontally polarized 

signal). 

[00150] In step 1108, the first device 1002 receives the first noise signal based on the 

horizontally polarized signal from the first power splitter 1006.  In step 1110, the first device 

1002 cancels or attenuates first noise from the noisy signal based on the vertically polarized 

signal by utilizing the first noise signal received from the first power splitter 1006.  In some 

embodiments, the first device 1002 adaptively cancels energy within the noisy signal caused by 

interference.  In various embodiments, the first device 1002 attenuates the energy within the 

noisy signal caused by interference. 

[00151] In some embodiments, while any or all steps 1102-1110 occur, any or all steps 1112-

1120 may be performed.  In step 1112, a second device 1004, such as a transceiver or receiver, 

may receive a noisy signal based on a horizontally polarized signal.   

[00152] In step 1114, a second power splitter 1008 receives the second noise signal from the 

first power splitter 1006 via the single cable 1010.  The second power splitter 1008 provides 

the second noise signal to the second device 1004.  The second noise signal may be based or a 

modulated signal (e.g., the modulated signal based on the vertically polarized signal).   

[00153] In step 1116, the second power splitter 1008 receives a first noise signal from the 

second device 1004 and provides the first noise signal to the first power splitter 1006 via the 

single cable 1010.  The first noise signal may be based or a modulated signal (e.g., the 

modulated signal based on the horizontally polarized signal). 

[00154] In step 1118, the second device 1004 receives the second noise signal based on the 

vertically polarized signal from the second power splitter 1008.  In step 1120, the second 

device 1004 cancels or attenuates second noise from the noisy signal based on the horizontally 
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polarized signal by utilizing the second noise signal received from the second power splitter 

1008.  In some embodiments, the second device 1004 adaptively cancels energy within the 

noisy signal caused by interference.  In various embodiments, the second device 1004 

attenuates the energy within the noisy signal caused by interference. 

[00155] In step 1122, a combiner may combine the first clean signal and the second clean 

signal to generate a combined signal.  The combined signal may be provided to an interface 

that leads to an IDU or digital device. 

[00156] Fig. 12 is a block diagram 1200 of a vertical polarization receiver 1202 and a 

horizontal polarization receiver 1204 configured to cancel noise caused by cross polarization 

interference utilizing a single cable 1210 in some embodiments.  The block diagram 1200 

comprises a vertical polarization receiver 1202, a horizontal polarization receiver 1204, power 

splitters 1206 and 1208, and cable 1210.  The vertical polarization receiver 1202 comprises a 

master receiver 1212 and a slave receiver 1214.  The horizontal polarization receiver 1204 

comprises a master receiver 1216 and a slave receiver 1218. 

[00157] As discussed regarding the vertical polarization receiver 1002 and the horizontal 

polarization receiver 1004, the vertical polarization receiver 1202 and the horizontal 

polarization receiver 1204 may be any receivers configured to demodulate a carrier signal 

and/or process a signal.  In some embodiments, the vertical polarization receiver 1202 may 

demodulate a modulated carrier signal received from an orthogonal transducer module and 

provide the resulting data stream to a combiner/splitter.  Likewise, the horizontal polarization 

receiver 1204 may demodulate the modulated carrier signal received from the orthogonal 

transducer module, and provide the resulting data stream to the combiner/splitter. 

[00158] In various embodiments, the master receiver 1212 and the slave receiver 1214 

comprise the same type of hardware or software.  In one example, the master receiver 1212 and 

the slave receiver 1214 both include a system on a chip (e.g., PVG610).  In some 

embodiments, the master receiver 1212 and the slave receiver 1214 comprise hardware 

configured to perform adaptive cancellation and/or attenuation.  Those skilled in the art will 

appreciate that the master receiver 1212 and the slave receiver 1214 may not include the same 

kind of hardware and/or software. 
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[00159] In various embodiments, the master receiver 1212 and the slave receiver 1214 each 

comprise an equalizer, adaptive cancellation module, and/or other attenuation component.  The 

slave receiver 1214 may cancel or attenuate the first noise signal utilizing the equalizer, 

adaptive cancellation module, and/or other attenuation component to generate a filtered signal.  

The slave receiver 1214 may provide settings of the equalizer, adaptive cancellation module, 

and/or other attenuation component to the master receiver 1212.  The master receiver 1212 

may utilize the settings to configure the equalizer, adaptive cancellation module, and/or other 

attenuation component of the master receiver 1212.  The master receiver 1212 may cancel or 

attenuate noise from the noisy signal based on the vertically polarized signal utilizing the 

configured equalizer, adaptive cancellation module, and/or other attenuation component.  The 

noisy signal based on the vertically polarized signal may be a modulated carrier signal 

produced by depolarizing the received vertically polarized signal.  The modulated carrier 

signal may include at least some noise caused by cross polarization interference. 

[00160] The slave receiver 1214 may be configured to receive the first noise signal from the 

horizontal polarization receiver 1204.   The first noise signal may be a sample or other signal 

based on the modulated horizontally polarized signal.  In various embodiments, the horizontal 

polarization receiver 1204 samples the modulated signal based on the horizontally polarized 

signal and provides the sampled signal as the first noise signal to the vertical polarization 

receiver 1202 via the single cable 1210 and the two power receivers 1206 and 1208. 

[00161] The first power splitter 1206 may receive the first noise signal from the second power 

splitter 1208 via the single cable 1210 and provide the signal to the vertical polarization 

receiver 1202.  In some embodiments, the vertical polarization receiver 1202 is coupled to the 

first power splitter 1206 by two inputs 1220 and 1222.  Input 1220 may couple the first power 

splitter 1206 to the master receiver 1212.  Input 1222 may couple the first power splitter 1206 

to the slave receiver 1214.   The first power splitter 1206 may provide the first noise signal to 

both inputs 1220 and 1222.  In one example, the first power splitter 1206 may provide half of 

the first noise signal to the master receiver 1212 and half of the first noise signal to the slave 

receiver 1214. 

[00162] Since the master receiver 1212 may not be configured to receive signals from the first 

power splitter 1206, any signal received from the first power splitter 1206 may be attenuated 
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due to impedance (e.g., the master receiver 1212 may operate as a 50 Ohm source or as a 

source of any impedance).   

[00163] In some embodiments, the slave receiver 1214 may be configured to receive the first 

noise signal from the first power splitter 1206.  In some embodiments, the slave receiver 1214 

receives and analyzes the first noise signal.  In one example, the slave receiver 1214 may 

provide the master receiver 1212 with equalization settings, attenuation settings, and/or 

cancellation settings.  The master receiver 1212 may utilize the settings to cancel or attenuate 

noise (e.g., interference) from the modulated signal based on the vertically polarized signal 

caused by cross polarization interference.  

[00164] The slave receiver 1214 may provide the noise signal and/or a filtered signal to the 

master receiver 1212.  In some embodiments, the slave receiver 1214 cancels or attenuates all 

or part of the noise signal to generate the filtered signal.  The filtered signal may then be 

provided to the master receiver 1212.   

[00165] In some embodiments, the master receiver 1212 may compare the modulated signal 

based on the vertically polarized signal to the noise signal and/or filtered signal received from 

the slave receiver 1214.  In various embodiments, the master receiver 1212 cancels and/or 

attenuates noise based on settings received from the slave receiver 1212 to generate the first 

clean signal.  The master receiver 1212 may compare the first clean signal to the noise signal 

and/or the filtered signal and generate an error signal.  The error signal may be correlated with 

leakage (e.g., remaining noise from cross polarization).  The error signal may be provided by 

the master receiver 1212 to the slave receiver 1214.  The slave receiver 1214 may utilize the 

error signal (e.g., attempt to minimize the error) from the master receiver 1212 to generate 

updated settings.  For example, the slave receiver 1214 may utilize the error signal to change 

cancellation or equalization of the received first noise signal.  In a further example, the slave 

receiver 1214 may utilize the error signal from the master receiver 1212 to configure taps of an 

equalizer to adaptively cancel all or parts of the first signal.  Updated settings based, at least in 

part, on the error signal may then be provided to the master receiver 1212.  The master receiver 

1212 may utilize the updated settings to attenuate or cancel noise from the noisy signal based 

on the vertically polarized signal. 

[00166] In various embodiments, there may be leakage between the input ports 1220 and 1222 

of the first power splitter 1206 (e.g., the input ports coupling the first power splitter 1206 to the 



      - 42 -  
 

vertical polarization receiver 1202).  Those skilled in the art will appreciate that any leakage of 

the second signal (e.g., a sample signal based on the modulated signal of the vertically 

polarized signal) may be attenuated by the input port isolation as discussed herein.  Further, the 

slave receiver 1214 and/or the master receiver 1212 may cancel or attenuate at least some of 

the remaining energy associated with the leakage. 

[00167] In various embodiments, the master receiver 1216 and the slave receiver 1218 

comprise the same type of hardware or software.  In one example, the master receiver 1216 and 

the slave receiver 1218 both include a system on a chip (e.g., PVG610).  In some 

embodiments, the master receiver 1216 and the slave receiver 1218 comprise hardware 

configured to perform adaptive cancellation and/or attenuation.  Those skilled in the art will 

appreciate that the master receiver 1216 and the slave receiver 1218 may not include the same 

kind of hardware and/or software. 

[00168] In various embodiments, as discussed regarding the master receiver 1212 and the 

slave receiver 1214, the master receiver 1216 and the slave receiver 1218 may each comprise 

an equalizer, adaptive cancellation module, and/or other attenuation component.  The slave 

receiver 1218 may cancel or attenuate the second noise signal utilizing the equalizer, adaptive 

cancellation module, and/or other attenuation component to generate a filtered signal.  The 

slave receiver 1218 may provide settings of the equalizer, adaptive cancellation module, and/or 

other attenuation component to the master receiver 1216.  The master receiver 1216 may 

utilize the settings to configure the equalizer, adaptive cancellation module, and/or other 

attenuation component of the master receiver 1216.  The master receiver 1216 may cancel or 

attenuate noise from the noisy signal based on the horizontally polarized signal utilizing the 

configured equalizer, adaptive cancellation module, and/or other attenuation component.  The 

noisy signal based on the horizontally polarized signal may be a modulated carrier signal 

produced by depolarizing the received horizontally polarized signal.  The modulated carrier 

signal may include at least some noise caused by cross polarization interference. 

[00169] The slave receiver 1218 may be configured to receive the second noise signal from 

the vertical polarization receiver 1202.   The second noise signal may be a sample or other 

signal based on the modulated vertically polarized signal.  In various embodiments,  the 

vertical polarization receiver 1202 samples the modulated signal based on the vertically 

polarized signal and provides the sampled signal as the second noise signal to the horizontal 
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polarization receiver 1204 via the single cable 1210 and the two power receivers 1206 and 

1208. 

[00170] The second power splitter 1208 may receive the second noise signal from the first 

power splitter 1206 via the single cable 1210 and provide the signal to the horizontal 

polarization receiver 1204.  In some embodiments, the horizontal polarization receiver 1204 is 

coupled to the second power splitter 1208 by inputs 1224 and 1226.  Input 1224 may couple 

the second power splitter 1208 to the master receiver 1216.  Input 1226 may couple the second 

power splitter 1208 to the slave receiver 1218.   The second power splitter 1208 may provide 

the second noise signal to both inputs 1224 and 126.  In one example, the second power splitter 

1208 may provide half of the second noise signal to the master receiver 1216 and half of the 

second noise signal to the slave receiver 1218. 

[00171] Since the master receiver 1216 may not be configured to receive signals from the 

second power splitter 1208, any signal received from the second power splitter 1208 may be 

attenuated due to impedance (e.g., the master receiver 1216 may operate as a 50 Ohm source or 

as a source of any impedance).   

[00172] In some embodiments, the slave receiver 1218 may be configured to receive the 

second noise signal from the second power splitter 1208.  In some embodiments, the slave 

receiver 1218 receives and analyzes the second noise signal.  In one example, the slave 

receiver 1218 may provide the master receiver 1216 with equalization settings, attenuation 

settings, and/or cancellation settings.  The master receiver 1216 may utilize the settings to 

cancel or attenuate noise (e.g., interference) from the modulated signal based on the 

horizontally polarized signal caused by cross polarization interference.  

[00173] The slave receiver 1218 may provide the noise signal and/or a filtered signal to the 

master receiver 1216.  In some embodiments, the slave receiver 1216 cancels or attenuates all 

or part of the noise signal to generate the filtered signal.  The filtered signal may then be 

provided to the master receiver 1216.   

[00174] In some embodiments, the master receiver 1216 may compare the modulated signal 

based on the horizontally polarized signal to the noise signal and/or filtered signal received 

from the slave receiver 1218.  In various embodiments, the master receiver 1216 cancels and/or 

attenuates noise based on settings received from the slave receiver 1218 to generate the second 
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clean signal.  The master receiver 1216 may compare the second clean signal to the noise 

signal and/or the filtered signal and generate an error signal.  The error signal may be 

correlated with leakage (e.g., remaining noise from cross polarization).  The error signal may 

be provided by the master receiver 1216 to the slave receiver 1218.  The slave receiver 1218 

may utilize the error signal (e.g., attempt to minimize the error) from the master receiver 1216 

to generate updated settings.  For example, the slave receiver 1218 may utilize the error signal 

to change cancellation or equalization of the received first noise signal.  In a further example, 

the slave receiver 1218 may utilize the error signal from the master receiver 1216 to configure 

taps of an equalizer to adaptively cancel all or parts of the second signal.  Updated settings 

based, at least in part, on the error signal may then be provided to the master receiver 1216.  

The master receiver 1216 may utilize the updated settings to attenuate or cancel noise from the 

noisy signal based on the horizontally polarized signal. 

[00175] In various embodiments, there may be leakage between the input ports 1224 and 1226 

of the second power splitter 1208 (e.g., the input ports 1224 and 1226 coupling the second 

power splitter 1208 to the horizontal polarization receiver 1204).  Those skilled in the art will 

appreciate that any leakage of the first signal (e.g., a sample signal based on the modulated 

signal of the horizontally polarized signal) may be attenuated by the input port isolation as 

discussed herein.  Further, the slave receiver 1218 and/or the master receiver 1216 may cancel 

or attenuate at least some of the remaining energy associated with the leakage. 

[00176] The cleaned signals may be provided to the combiner module (e.g., combiner/splitter 

module 908). 

[00177] The power splitter 1206 and 1208 may be similar to power splitters 1106 and 1108.  

The power splitter 1206 may receive the first signal from the master receiver 1212 and provide 

the first signal to the slave receiver 1218 of the horizontal polarization receiver 1204 via the 

single cable 1210 and the power splitter 1208.  Similarly, the power splitter 1208 may receive 

the second signal from the master receiver 1216 and provide the second signal to the slave 

receiver 1214 of the horizontal polarization receiver 1202 via the single cable 1210 and the 

power splitter 1206. 

[00178] The cable 1210 may be any cable including, for example, a coaxial cable. 
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[00179] Those skilled in the art will appreciate that impedance may be matched on ports 

associated with the first power splitter 1206 and ports associated with the second power splitter 

1208.  For example, the power splitter 1206 may be terminated with impedance (e.g., 50 

ohms).The above-described functions and components can be comprised of instructions that 

are stored on a storage medium such as a computer readable medium. The instructions can be 

retrieved and executed by a processor. Some examples of instructions are software, program 

code, and firmware. Some examples of storage medium are memory devices, tape, disks, 

integrated circuits, and servers. The instructions are operational when executed by the 

processor to direct the processor to operate in accord with some embodiments. Those skilled in 

the art are familiar with instructions, processor(s), and storage medium.  
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Claims 

What is claimed is: 

1.  A system comprising: 

 a first device configured to receive a vertically polarized signal and a first noise 

component generated from a horizontally polarized signal, and to provide a first adaptive 

cancellation of a portion of vertically polarized noise in the vertically polarized signal, the first 

adaptive cancellation being based on the first noise component, and the first adaptive 

cancellation generating a first adaptively canceled signal; 

 a second device configured to receive the horizontally polarized signal and a second 

noise component generated from the vertically polarized signal, and to generate a second 

adaptive cancellation of a portion of horizontally polarized noise in the horizontally polarized 

signal, the second adaptive cancellation being based on the second noise component, and the 

second adaptive cancellation generating a second adaptively canceled signal; 

 a single cable coupled to the first device and to the second device, the single cable 

adapted to facilitate transmission of the second noise component from the second device to the 

first device, and adapted to facilitate transmission of the first noise component from the first 

device to the second device. 

2.   The system of claim 1 further comprising a first power splitter coupled to the first device 

and to the single cable, the first power splitter configured to provide the first noise component 

to the first device over a first port and the first power splitter configured to receive the second 

noise component from the first device over a second port, the first port being at least partially 

isolated from the second port. 

3.  The system of claim 1 further comprising a first power splitter coupled to the first device 

and to the single cable, and a second power splitter coupled to the second device, one or more 

of the first power splitter and the second power splitter comprising a reactive power splitter. 

4.   The system of claim 1 wherein one or more of the first device and the second device 

comprises a receiver coupled to an antenna configured to receive the signal. 

5.   The system of claim 1 wherein the first device is configured to equalize the vertically 

polarized noise based at least partially on the second noise component to attenuate at least 

some of the portion of the vertically polarized noise. 
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6.   The system of claim 1 wherein the first device is configured to attenuate at least some of 

the vertically polarized noise based at least partially on the first noise component. 

7.   The system of claim 1 wherein one or more of the vertically polarized noise and the 

horizontally polarized noise results from cross polarization interference. 

8.   The system of claim 1 further comprising a combiner coupled to the first device, the 

combiner configured to generate a combined signal based on the first adaptively canceled 

signal and the second adaptively canceled signal.  

9.   The system of claim 1 further comprising an orthogonal transducer coupled to an 

antenna, to the first device, and to the second device, the orthogonal transducer configured to: 

receive the vertically polarized signal and the horizontally polarized signal, provide the 

vertically polarized signal to the first device, and provide the horizontally polarized signal to 

the second device. 

10.   The system of claim 9 further comprising a waveguide filter configured to filter the 

vertically polarized signal and the horizontally polarized signal from the antenna and provide 

the filtered vertically polarized signal and the filtered horizontally polarized signal to the 

orthogonal transducer. 

11.  A method comprising: 

 receiving, by a first device, a vertically polarized signal; 

 receiving, by the first device, a first noise component generated from a horizontally 

polarized signal, the first device receiving the first noise component through a single cable; 

 providing a first adaptive cancellation, by the first device, of a portion of vertically 

polarized noise from the vertically polarized signal, the adaptive cancellation being based on 

the first noise component, and the first adaptive cancellation generating a first adaptively 

canceled signal; 

 receiving, by a second device, a second noise component generated from the vertically 

polarized signal, the second device receiving the second noise component through the single 

cable; 

 receiving, by the second device, the horizontally polarized signal; 
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 providing a second adaptive cancellation, by the second device, of a portion of the 

horizontally polarized signal, the second adaptive cancellation being based on the second noise 

component, and the second adaptive cancellation generating a second adaptively canceled 

signal. 

12.   The method of claim 11 further comprising providing, using a first power splitter, the 

first noise component to the first device over a first port, and receiving, using the first power 

splitter, the second noise component from the first device over a second port, the first port 

being at least partially isolated from the second port. 

13.  The method of claim 12 wherein the first power splitter comprises a reactive power 

splitter. 

14.   The method of claim 11 wherein one or more of the first device and the second device 

comprises a receiver. 

15.   The method of claim 11 wherein the first adaptive cancellation comprises equalizing the 

vertically polarized noise based at least partially on the second noise component to attenuate at 

least some of the portion of the vertically polarized noise. 

16.   The method of claim 11 wherein the first device is configured to attenuate at least some 

of the vertically polarized noise based at least partially on the first noise component. 

17.   The method of claim 11 wherein one or more of the vertically polarized noise and the 

horizontally polarized noise results from cross polarization interference.  

18.   The method of claim 11 further comprising generating a combined signal based on the 

first adaptively canceled signal and the second adaptively canceled signal.  

19.  The method of claim 11 further comprising: 

 receiving, by an orthogonal transducer, the vertically polarized signal and the 

horizontally polarized signal; 

 providing the vertically polarized signal to the first device; and  

 providing the horizontally polarized signal to the second device. 
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20.  The method of claim 19 further comprising:  

 filtering, by a waveguide filter, the vertically polarized signal and the horizontally 

polarized signal from the antenna; and  

 providing the filtered vertically polarized signal and the filtered horizontally polarized 

signal to the orthogonal transducer. 

21.  A system comprising: 

 a first transceiver means configured to receive a vertically polarized signal and a first 

noise component generated from a horizontally polarized signal, and to provide a first adaptive 

cancellation of a portion of vertically polarized noise in the vertically polarized signal, the first 

adaptive cancellation being based on the first noise component, and the first adaptive 

cancellation generating a first adaptively canceled signal; 

 a second transceiver means configured to receive the horizontally polarized signal and a 

second noise component generated from the vertically polarized signal, and to generate a 

second adaptive cancellation of a portion of horizontally polarized noise in the horizontally 

polarized signal, the second adaptive cancellation being based on the second noise component, 

and the second adaptive cancellation generating a second adaptively canceled signal; 

 a single cable coupled to the first transceiver means and to the second transceiver means, 

the single cable adapted to facilitate transmission of the second noise component from the 

second transceiver means to the first transceiver means, and adapted to facilitate transmission 

of the first noise component from the first transceiver means to the second transceiver means. 

 


