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(57) ABSTRACT

Embodiments of the present invention are directed to meth-
ods, apparatuses, and systems for implementing a point-to-
point radio architecture in which the isolation needed
between the transmitter and receiver may be achieved through
the use of separate antennas. One embodiment is directed at a
radio head comprising a transmitter configured to operate at a
first frequency, a receiver configured to operate at a second
frequency, and a processor coupled to both the transmitter and
the receiver. The transmitter is further coupled to a first
antenna interface coupled to a first antenna configured to
transmit signals at the first frequency. The receiver is further
coupled to a second antenna interface coupled to a second
antenna configured to receive signals at the second frequency.
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TRANSMITTER FOR POINT-TO-POINT
RADIO SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to co-pending U.S.
patent application Ser. No. 13/836,081 entitled “Transmitter
for Point-to-Point Radio System” to Charles Bowman and
Behzad Moeenziai, filed on Mar. 15, 2013, which is incorpo-
rated by reference. This application is also a continuation of
U.S. non-provisional application Ser. No. 13/950,112 entitled
“Simultaneous Bidirectional Transmission for Radio Sys-
tems,” to Charles Bowman and Behzad Moeenziai, filed Jul.
24,2013, and claims the benefit of priority of co-pending U.S.
Provisional Patent Application Ser. No. 61/676,269 entitled
“Simultaneous Bidirectional Transmission for Radio Sys-
tems,” to Charles Bowman and Behzad Moeenziai, filed Jul.
26,2012, and claims the benefit of priority to U.S. Provisional
Patent Application Ser. No. 61/676,263 entitled “Transmitter
for Point-to-Point Radio System,” to Charles Bowman and
Behzad Moeenziai, filed Jul. 26, 2012. Priority of the filing
date of Jul. 26, 2012 is hereby claimed, and the disclosures of
the above-referenced patent applications are hereby incorpo-
rated by reference.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The subject matter of this disclosure relates to data

communications and, more particularly, to signal transmis-
sion in point-to-point radio systems.

[0004] 2. Description of the Related Art

[0005] As the need for the transmission of voice, video, and
data have constantly escalated with the increasing use of
wireless access devices, the importance of maximizing the
utilization of radio frequency (RF) spectrum has increased
sharply. For licensed band point-to-point systems, combina-
tions of mechanisms have been employed to increase avail-
able data rates. Two principal philosophies can be employed:
(1) Increase the number of data bits sent per Hz of bandwidth
(b/Hz), or (2) increase the amount of bandwidth (Hz) used.
[0006] Increases in the b/Hz rate have been constantly
growing through improving digital processing techniques
and improved analog fidelity in the analog RF circuits, and
increases in the bandwidth have increased to a limited extent
by using wider licensed bandwidths, by using both horizontal
and vertical polarizations along with digital processing tech-
niques (cross polarization interference cancellation or
“XPIC”). The most aggressive techniques employ both.
[0007] However, existing systems implementing these
techniques incorporate filters, diplexers, couplers, Ortho-
Mode Transducer (OMT), and/or other elements that lead to
signal loss and degradation of signals, higher costs, more
weight, increased complexity, constraints on transmission
range of components, and additional design problems.
Accordingly, there is a need for a point-to-point communica-
tion radio system that avoids the cost, electrical losses,
weight, tuning range limitations, and parametric limitations
associated with the filters, diplexers, couplers, and OMT
combining networks of present systems.

SUMMARY

[0008] Embodiments disclosed herein implement a radio
architecture in which the isolation needed between the trans-

Jan. 30, 2014

mitter and receiver may be achieved through the use of sepa-
rate antennas. The separate antennas may have sufficient iso-
lation to (1) block the high power levels of the transmitter
from desensitizing or damaging the receiver circuits within
the transmitted spectrum, and (2) block the noise transmitted
by the transmitter within the receive spectrum.

[0009] Inaccordance with the disclosure, one embodiment
is directed to a radio head in a point-to-point communication
system. The radio head comprises a transmitter configured to
operate at a first frequency, a receiver configured to operate at
a second frequency, and a processor coupled to both the
transmitter and the receiver. The transmitter is further coupled
to a first antenna interface coupled to a first antenna config-
ured to transmit signals at the first frequency. The receiver is
further coupled to a second antenna interface coupled to a
second antenna configured to receive signals at the second
frequency.

[0010] Inanother aspect of the radio head, the radio head is
a first radio head and the processor is a first processor. The
first processor is coupled to a second processor of a second
radio head. The second radio head comprises a second trans-
mitter configured to operate at a third frequency, a second
receiver configured to operate at a fourth frequency. The
second processor is coupled to both the second transmitter
and the second receiver, the second transmitter is further
coupled to a third antenna interface coupled to a third antenna
configured to transmit signals at the third frequency, the sec-
ond receiver is further coupled to a fourth antenna interface
coupled to a fourth antenna configured to receive signals at
the fourth frequency. The first radio head and the second radio
head may operate alternately, wherein the first frequency and
the third frequency are the same, and wherein the second
frequency and the fourth frequency are the same.

[0011] In another aspect of the radio head, the first radio
head and the second radio head operate simultaneously,
wherein the first frequency and the third frequency are differ-
ent, and wherein the second frequency and the fourth fre-
quency are different.

[0012] In another aspect of the radio head, the first radio
head and the second radio head operate simultancously on
different frequencies and are configured to send and receive
signals on orthogonally different polarizations.

[0013] In another aspect of the radio head, the first radio
head and the second radio head operate simultaneously on the
same frequencies but send and receive signals on orthogo-
nally different polarizations.

[0014] In another aspect of the invention, a point-to-point
radio communication system implementing two or more
radio heads described above.

[0015] Other features and advantages of the disclosure
should be apparent from the following description of the
preferred embodiment, which illustrates, by way of example,
the disclosed principles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows a typical prior art point-to-point radio
system.
[0017] FIG. 2 shows an example of an assigned channel in

the 15 GHz band with 315 MHz Transmit to Receive (TR)
frequency spacing.

[0018] FIG. 3 shows a typical frequency response for trans-
mit and receive filters adequate to provide isolation between
the transmitter and receiver with a 315 MHz Transmit to
Receive (TR) frequency spacing.
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[0019] FIGS. 4A and 4B show a block diagram of transmit-
ter to receiver isolation from diplexer and filter/circulator
configurations.

[0020] FIG. 5 shows a filter frequency response for a low
side radio diplexer to provide transmit to receive isolation,
with the resulting division of the band into sub-bands.
[0021] FIG. 6 shows a block diagram of an exemplary
bonded channel XPIC configuration.

[0022] FIGS.7A-7C show a block diagram of conventional
point-to-point radio with reflective antenna and diplexer iso-
lation of a transmitter and a receiver.

[0023] FIGS. 8A-8C show a block diagram of a multiple
aperture antenna radio with separate transmit and receive
antennas.

[0024] FIGS. 9A-9C show a block diagram of a multiple
aperture radio with integrated separate transmit and receive
antennas.

[0025] FIGS. 10A-10C show a block diagram of a conven-
tional 1+1 protected radio terminal with couplers providing
isolation between radios.

[0026] FIGS.11A-11C show a block diagram of a multiple
aperture protected radio terminal with 4 integrated high iso-
lation antenna apertures providing isolation between trans-
mitters, receivers, and radios.

[0027] FIGS. 12A-12C show a block diagram of a conven-
tional XPIC radio terminal with an ortho-mode transducer
(OMT) providing isolation between radios.

[0028] FIGS. 13A-13C show a block diagram of a multiple
aperture radio terminal with 4 integrated high isolation
antenna apertures providing isolation between transmitters,
receivers, and radios.

[0029] FIGS. 14A-14C show a block diagram of a conven-
tional multiple channel XPIC radio terminal with couplers
and an OMT providing isolation between radios.

[0030] FIGS.15A-15C show a block diagram of a multiple
aperture multiple channel radio terminal with 6 integrated
CTS antenna apertures providing isolation between transmit-
ters, receivers, and radios.

[0031] FIGS.16A-16C show a block diagram of a multiple
aperture multiple channel radio terminal with 4 integrated
CTS antenna apertures providing isolation between transmit-
ters, receivers, and radios.

[0032] FIG.17 shows ablock diagram of an exemplary data
and signal processor of a radio head according to exemplary
embodiments of the present invention.

DETAILED DESCRIPTION

[0033] Embodiments of the present invention implement a
radio architecture in which the isolation needed between the
transmitter and receiver may be achieved through the use of
separate antennas. The separate antennas may have sufficient
isolation to (1) block the high power levels of the transmitter
from desensitizing or damaging the receiver circuits within
the transmitted spectrum, and (2) block the noise transmitted
by the transmitter within the receive spectrum.

[0034] By combining two or more high isolation antennas
into separate or integrated antenna arrays, isolation can be
achieved between the transmitter and receiver of point-to-
point radio heads (or equivalent radio heads implemented as
multiple channel transmitters and multiple channel receivers
whether as separate modules or integrated at any level), with
the radio heads arranged to operate alternately on the same
frequency and same polarization (as in a 1+1 protected con-
figuration); on the same frequency and different polarizations
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(as in a cross polarized XPIC configuration); or on different
frequencies (as in a 2+0 or bonded channel configuration). In
each case the point-to-point radio system following this con-
cept avoids the cost, electrical losses, weight, or parametric
limitations associated with the filter/diplexer, coupler, and
OMT combining networks.

[0035] A licensed band Point-to-Point (PtP) communica-
tions system uses two radios, one at each of the two locations,
with the radios working together referred to as a radio link.
point-to-point radio links are used worldwide to carry con-
tinuous bidirectional data, voice, and video information in
both public and private networks. FIG. 1 shows a typical prior
art point-to-point radio system 100 comprising a first radio
head 110 configured to communicate 130 with a second radio
head 120. The second radio head 120 may be identical to the
first radio head 110. The information flow in each direction
between the two points (i.e., radio heads) may be separated by
Frequency Division Duplex (FDD) techniques where infor-
mation in one direction is carried within an allocated band-
width on a center frequency (F1) and the information in the
reverse direction is carried within an identical allocated band-
width on a different center frequency (F2).

[0036] FIG.2 shows anexample of an assigned channel 210
in the 15 GHz band with 315 MHz Transmit to Receive (TR)
frequency spacing. The frequency difference between F1 211
and F2 212 is the transmit-to-receive frequency difference
213 and is referred to as the TR difference, or more simply the
TR. The TR 213 forms the basis for separating the total band
210 into a lower band 214 and a higher band 215 with the
radios in the lower band 214 transmitting on one frequency
and receiving on the other frequency, while the other radio is
the reverse of that. For example, a first radio head may trans-
mit on F1 (e.g., 14,669 MHz) 211 and receive on F2 (e.g.,
14,984 MHz) 212 while a second radio head may transmit on
F2 (e.g., 14,984 MHz) and receive on F1 (e.g., 14,669 MHz)
211. In cases where the total bandwidth of the allocated band
of frequencies exceeds the assigned TR, the lower band and
higher bands may overlap.

[0037] The point-to-point bands are divided into a lower
and upper range of frequencies (which may overlap) and the
radios are commonly identified with the portion of the band
that they transmit on, therefore a “low band” radio transmits
on the lower part of the band 214 (i.e., transmits on F1 211)
and a “high band” radio transmits on the higher part of the
band 215 (i.e., transmits on F2 212). These may also be
referred to as the “go” radio and the “return” radio or the
“East” radio and the “West” radio. The two frequency ranges
214, 215 are licensed together as a single communications
channel 210 using one low band radio and one high band
radio in a link.

[0038] The licensed use, antenna locations, frequencies,
TR spacing, required spectral efficiency, antenna parameters,
and other required technical parameters of the link may be
defined by the licensing agency in each country, and may
differ somewhat throughout the world. FIG. 1 shows an
example of the frequency assignments within a band 210 and
the relationship of the frequencies for a point-to-point link in
the 15 GHz band 210 with a 28 MHz bandwidth 216 and 315
MHz TR 213.

[0039] In current practice the transmit and receive circuits
for each radio are connected to a common antenna and these
circuits are isolated from each other by either a set of filters or
a combination of filters, circulators, and/or Isolators which
connect them to the antenna, yet separate (isolate) them from
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each other. The isolation between the receiver and transmitter
of each radio is needed for two reasons: (1) prevention of
damage or reduced function of the receiver from the high RF
power levels in the frequency range being transmitted by the
transmitter; and (2) desensitizing the receiver by noise com-
ing from the transmitter in the frequency range of the signal
desired to be received by the receiver.

[0040] Isolationis needed to prevent the high level of power
from the transmitter (which will be transmitting to the far side
over the assigned bandwidth at a center frequency of either F1
or alternatively F2) from reaching the sensitive circuits of the
receiver (which will be receiving from the far side at a center
frequency either F2 or alternatively F1), and either desensi-
tizing or damaging those receiver circuits. The isolation
needed to prevent receiver loss of sensitivity or damage may
be accomplished by a combination of circulators and isolators
which allow most of the energy entering the transmitter port
of the network to pass in one direction to a common antenna
port, but prevent essentially all of that energy from being
passed to the receiver port; or by filters between the common
antenna port and the receiver port which block the higher
power at F1 (F2) from the receiver but allow essentially all
energy at the desired receive frequency F2 (F1) to pass from
the antenna to the receiver, or by a combination of circulators,
isolators, and filters.

[0041] In common practice, the level of power that may
desensitize or cause damage to a receiver is on the order of
-10 dBm to —20 dBm and the level of transmitted power is on
the order of +15 dBm to +35 dBm, requiring isolation
between the receiver and transmitter in the most extreme
cases on the order of 55 dB.

[0042] The noise generated and being transmitted by the
near end transmitter circuits is broadband in nature and much
stronger than the background noise inherent in the atmo-
sphere. This higher level of noise includes noise in the fre-
quency range of the far end transmitter, which is the desired
signal ofthe near end receiver, and this transmitted noise must
be prevented from reaching the near end receiver and block-
ing the information coming from the radio on the other end of
the link.

[0043] The highest level of transmitted noise allowed to be
broadcast is set by the licensing agencies and is typically 50
dB below the power level of the intentionally transmitted
data. The highest typical power level of noise exiting from the
transmitter occurs when the transmitter is operating at the
highest output power and for a typical point-to-point trans-
mitter is in the range of —15 dBm (50 dB below the highest
typical transmitted power of approximately +35 dBm). The
threshold level of the receivers is affected by the noise band-
width set by the channel bandwidth filters (typically from
3.75 MHz to 56 MHz) and typically falls into a range of =90
dBm to -65 dBm, with the highest threshold occurring with
the widest bandwidth.

[0044] The noise entering the receiver from the transmitter
must be well below the threshold level of the receiver, set by
the noise received from the ambient environment, and typi-
cally is limited to about 15 dB below the threshold value. So,
the isolation required from the transmitter to the receiver is on
the order of 65 dB to 90 dB, with the smaller (65 dB) isolation
applicable to the wider bandwidths presently used for high
capacity radios. The transmitted noise that occurs in the fre-
quency range of the receiver is commonly reduced by the use
of a filter in the path from the transmitter to the common
antenna which allows the desired transmitter frequencies to
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pass to the antenna while blocking the noise energy from the
transmitter in the frequency range of the receiver. The fre-
quency response of filters in the transmitter path capable of
providing the isolation needed to reject the transmitted noise
from entering the receiver and in the path of the receiver
capable of providing the isolation needed to prevent damage
to the receiver from the high transmitter power in its intended
operating frequency range is shown in FIG. 3. FIG. 3 shows a
typical frequency response for transmit and receive band-
width filters adequate to provide isolation between the trans-
mitter and receiver with a 315 MHz Transmit to Receive (TR)
frequency spacing.

[0045] FIGS.4A-4B show ablock diagram oftransmitter to
receiver isolation from diplexer (FIG. 4A) and filter/circula-
tor configurations (FIG. 4B). The required level of isolation is
achieved in most cases by the use a three port device referred
to as a diplexer (or duplexer) 412, which is a combination of
the two filters 413, 414 with one filter 413 from the transmitter
to the common antenna port 416 used to block transmitted
noise energy that falls outside of the desired transmit fre-
quency range 310 from leaving the transmitter 411 and the
second filter 414 from the common antenna port 416 to the
receiver 415 that blocks energy from entering the receiver 415
that falls outside of the desired receive frequency range 320.
The isolation of the transmit filter 413 is set by the isolation
needed to block the noise from the transmitter 411 that falls
into the desired receive frequency range 320, and the isolation
of'the receive filter 414 is set by the level needed to prevent the
high power transmitted signal from damaging or desensitiz-
ing the receiver 415. The level of isolation to prevent
unwanted noise from entering the receiver 415 is typically
greater than the level ofisolation needed to prevent damage to
the receiver 415, and in current practice may be in the order of
65 dB. In most cases the filters 413, 414 are designed to be
meet the most demanding isolation case so that the same
diplexer 412 can be used with either side connected to either
the transmitter 411 or receiver 415 and therefore the same part
can be used in both the go and return radio.

[0046] Additionally, as shown in FIG. 4B, as an alternative
optionto the diplexer or integrated as a part of the diplexer, the
filters 423, 424 may be separate and connected to the common
antenna port 426 through a circulator 422, which also directs
transmit energy to the antenna 427 and received energy to the
receiver 425. The circulator 422 may be used with separate
filters 423, 424, or as described above it may be connected to
form a three port diplexer (not shown) to provide the combi-
nation of connections to the transmitter 421, receiver 425, and
antenna ports 426 as well as the filter functions. Of the
options, the most common method is the 3-port diplexer
without a circulator as shown in FIG. 4A.

[0047] While the guidelines of the International Telecom-
munications Union’s Radiocommuncation (ITU-R) Sector
are followed by most countries, resulting in some level of
consistency between countries, in many cases the parameters
may vary between countries. As an example, in the 15 GHz
Band used for the examples above, there are 8 different TRs
commonly in use (315 MHz, 322 MHz, 420 MHz, 475 MHz,
490 MHz, 640 MHz, 644 MHz, and 729 MHz), with each
having a unique set of band edge frequencies.

[0048] FIG. 5 shows a filter frequency response 300 for a
low side radio diplexer to provide transmit to receive isola-
tion, with the resulting division of the band 210 into sub-
bands 214A-215C. The diplexer filters 413, 414 that isolate
the transmitter 411 and receiver 415 should have a practical
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separation from the upper edge of the pass band 310 of the low
side 214 to the lower edge of a stop band 312 for the high side
215. The typical diplexer shown in FIGS. 3 and 4A for the
same 15 GHz band example discussed above is reproduced in
FIG. 5, along with the frequency scale and the separation of
the band 210 into three sub-bands 214A-215C to allow for
diplexers 412 to isolate the transmitters 411 and receivers 415
with practical diplexer filters 413, 414. The bandwidth 310 of
the filters 413, 414 may be set by the bandwidth 324 of the
rejection slope 311, 321 of each filter (e.g., 176 MHz) and the
TR spacing 323 (315 MHz in the example), which for the
example of FIG. 515 315-176=139 MHz. The total number of
sub-bands required to provide for achievable filters is then set
by the maximum pass band per filter and the total allocated
bandwidth 210 of the frequency band (e.g., 2x315=730
MHz). For the examples provided in FIGS. 1-4, six diplexers
are used, three in the low part of the band and three in the high
part of the band. Other configurations of diplexers and fre-
quencies may be used without departing from the teachings in
this disclosure. With appropriate design, the three lower and
three upper diplexers can utilize the same parts and can be
installed in reverse to create the six possible sub-bands.
[0049] From the examples, with four to six diplexer con-
figurations required for each of the eight TR’s assigned in
various parts of the world to the 15 GHz Band, there are on the
order of forty different diplexer filter combinations required
for the same transmitter and receiver to be able to operate
together as links in the various countries. When the fourteen
different frequency bands commonly used for point-to-point
communications around the world are considered (6 GHz
lower, 6 GHz upper, 7 GHz, 8 GHz, 11 GHz, 13 GHz, 15 GHz,
18 GHz, 23 GHz, 26 GHz, 28 GHz, 32 BHz, 38 GHz, and 42
GHz), along with the various TRs assigned by the licensing
agencies, hundreds of filter combinations may be required for
effective coverage.

[0050] Use of Frequency Bandwidth and Signal Polarity to
Increase Data Rates

[0051] The increasing use of wireless communications and
the need to connect (backhaul) the resulting increase in the
amount of data passing through the wireless networks, such
as data from cellular telephone sites connecting to the central
switching circuits of the wireless system operators, has
caused a demand for higher data rates to be carried by the wire
line, fiber, and wireless point-to-point communication sys-
tems that provide the backhaul.

[0052] For the licensed band point-to-point systems, com-
binations of mechanisms have been employed to increase
available data rates. Two principal philosophies can be
employed: (1) Increase the number of data bits sent per Hz of
bandwidth (b/Hz), or (2) increase the amount of bandwidth
(Hz) used. Increases in the b/Hz rate have been constantly
growing through improving digital processing techniques
and improved analog fidelity in the analog RF circuits, and
increases in the bandwidth have increased to a limited extent
by using wider licensed bandwidths, by using both horizontal
and vertical polarizations along with digital processing tech-
niques (cross polarization interference cancellation or
“XPIC”). The most aggressive techniques employ both.
[0053] Doubling the data bandwidth, such as, for example,
using 112 MHz wide channels in place of 56 MHz channels,
and dual polarity/XPIC processing, can each double the data
capacity of a point-to-point link, resulting in as much as four
times the capacity of most of the current 56 MHz bandwidth
single-polarity high capacity point-to-point links. The use of
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a wide channel, such as, for example, the ETSI 112 MHz
channels can be accomplished by either (1) spreading the
total information across a single wide bandwidth signal (i.e.,
implementing a wide channel) or (2) by dividing the infor-
mation into two separate but adjacent narrow bandwidth (e.g.,
56 MHz) signals and sending the two narrow bandwidth
signals through the wide bandwidth (e.g., 112 MHz) channel
or alternately through two separate (and separated) narrow
bandwidth (e.g., 56 MHz) channels. When the data is split
into two separate signals and recombined at the other end, the
process is referred to as “bonding” the channels (i.e., using
bonded channels). When adequately licensed, either wide
channels or bonded channels can be sent through a single
polarity or doubled by sending through dual polarity XPIC
signals.

[0054] The use of wide channels is not yet in common
practice, as the digital processing and high speed mixed sig-
nal components needed to accomplish this remains limited,
and the availability of the wide channels is restricted in many
localities to newly assigned frequency bands as increasing
use of the microwave spectrum limits the number of unused
wide channels.

[0055] Where separated channels (non-adjacent) are
bonded, typically two separate radios (or the equivalent cir-
cuitry) must be connected to an antenna in such a way as to
provide isolation between the two Radios to prevent distor-
tion of the individual signals. The most common method for
this is coupling the radios through an equal loss (3 dB) cou-
pler which isolates the radios at the expense of inserting a
somewhat greater than 3 dB loss (typically 3.5-3.8 dB) into
the path of each radio. FIG. 6 shows a block diagram 600 of
an exemplary bonded channel XPIC configuration. With this
device, the signal from the antenna 610 is split equally
between the two devices (i.e., the horizontal polarization
radio head 618 and the vertical polarization radio head 619)
with each device isolated from the other by approximately 3
dB. The signal to the antenna 610 from the device suffers the
same 3 dB loss from the coupler 612, 613. This configuration
has been used for some time and is referred to as a 2+0
configuration.

[0056] An identical hardware architecture has also been in
common use for some time in protected radio applications
where only one ofthe two radios 618, 619 is in use at any time,
while the other is powered and standing by, ready to take over
if the primary radio fails to operate properly. This configura-
tion is referred to as a 1+1 configuration. The difference in the
two uses of this configuration (2+0 and 1+1) is that the two
radios 618, 619 in the first use are operating at the same time
on different channels (e.g., see FIGS. 14A-14C) while in the
protected architecture both radios are set to the same channel
and only one transmits at any given time (e.g., see FIGS.
10A-10C).

[0057] To use XPIC techniques, the signals from two sepa-
rate transmitters 621/641, 631/651 may be coupled to an
antenna 610 structure in such a way as to allow the two
separate signals to be transmitted in the orthogonal (horizon-
tal and vertical or “H” and “V”) polarities (i.e., orthogonal
polarizations) and received at the far end of the link and
routed to the correct receiver 625/642, 635/655. The XPIC
digital processing then aids recovery of the data from each of
the polarities by using the signal from each receiver 625/642,
635/655 to help remove the distortion of the other receiver
from unwanted coupling between the polarities. This is typi-
cally done using two separate radios 618, 619 and connecting



US 2014/0030979 Al

them to an antenna 610 using an ortho-mode transducer
(OMT) 611 which combines the two radio signal paths into
orthogonal paths for connection to an antenna 610 capable of
sending and receiving dual polarity signals. The OMT 611
inserts a loss on the order of 0.5 to 1.0 dB into the signal path
of'each antenna 610. The OMT 611 can be implemented as a
part of the antenna 610, a part of the radio 618, 619, or as a
separate mechanical device 611.

[0058] Implementation of wide channel XPIC systems
typically use two separate radios (or the equivalent circuitry)
620/640, 630/650 for each polarity, or four radios (or the
equivalent circuitry) total 620-640, with two sets 618, 619 of
two radios 620/640, 630/650 combined through an equal loss
coupler 612, 613, and each of those sets 618, 619 connected
to the antenna 610 through an OMT 611. The combination
adds the loss of one coupler 611, 612 (3.5-3.8 dB) plus the
loss of the OMT 611 (0.5-1.0 dB) to each radio path for a total
loss of approximately 4.0 to 4.8 dB to each end of the link, or
a net loss of 8.0 to 9.6 dB to the system gain.

1. Use of Two or More Separate Antennas (Multiple
Apertures) for Receive and Transmit Functions

[0059] Embodiments of the present invention implement a
radio architecture in which the isolation needed between the
transmitter and receiver may be achieved through the use of
separate antennas. The separate antennas may have sufficient
isolation to (1) block the high power levels of the transmitter
from desensitizing or damaging the receiver circuits within
the transmitted spectrum, and (2) block the noise transmitted
by the transmitter within the receive spectrum.

[0060] Conventional antenna structures use parabolic or
near-parabolic shaped reflector lens structures to redirect
energy from a waveguide feed mechanism into a narrower
beam, however, the level of isolation for these antennas is
limited. Improved isolation is available from high isolation
antenna structures, such as, for example, those with port to
port isolations of 50 dB or greater when the antennas are
mounted side by side including, a Horn, Horn with a dielectric
lens (Lensed Horn), Slotted Waveguide Array (SWA),
Waveguide Trough Array (WTA), or a Continuous Transverse
Stub (CTS) antenna. Although the WTA or CTS antennas
have not been previously utilized for the purposes described
herein, they may be used in a preferred embodiment of the
multiple aperture concept of the present invention. The oper-
ating frequency of the radio may affect the choice of the high
isolation antenna structure, where lower frequencies such as
below 10 GHz may favor a SWA structure, very high frequen-
cies such as above 50 GHz may favor a Horn or Lensed Horn
structure, and frequencies between 10 GHz and 50 GHz may
favor a WTA or CTS structure.

[0061] By combining two or more high isolation antennas
into separate or integrated antenna arrays, isolation can be
achieved between the transmitter and receiver of point-to-
point radio heads (or equivalent radio heads implemented as
multiple channel transmitters and multiple channel receivers
whether as separate modules or integrated at any level), with
the radio heads arranged to operate alternately on the same
frequency and same polarization (as in a 1+1 protected con-
figuration); on the same frequency and different polarizations
(as in a cross polarized XPIC configuration); or on different
frequencies (as in a 2+0 or bonded channel configuration). In
each case the point-to-point radio system avoids the cost,
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electrical losses, weight, and parametric limitations associ-
ated with the filter/diplexer, coupler, and OMT combining
networks.

[0062] For an equivalent antenna gain, and equal antenna
efficiencies, the use of the two apertures may increase the
overall aperture area by a factor of 2. Conversely if the total
antenna apertures are the same, only one-half of the area is
available for each antenna, representing a loss in antenna gain
of 3 dB.

[0063] The eliminating of the Diplexer, Coupler, and/or
OMT may be achieved through the use of an array of two or
more antennas which exhibit a high level ofisolation between
the antennas. The antennas may be fully integrated into a
common structure, closely mounted, or widely separated.
When fully integrated into a common structure or closely
mounted to a common mounting structure, a means of indi-
vidually pointing or aligning the antennas may be provided to
account for angular shifts between the main radiating beam of
the antennas, as different main beam angular alignment rela-
tively to the antenna mounting features may exist between
different antennas, including any angular shift of the main
beam as a function of frequency. One preferred antenna con-
figuration is referred to as the Waveguide Trough Antenna
(WTA) and a second preferred antenna is the Continuous
Transverse Stub (CTS) architecture.

[0064] An underutilized feature of certain high isolation
antennas including the Horn, Lensed Horn, SWA, WTA and
CTS architectures are extremely high port-to-port isolation of
adjacent antennas. This high isolation, when optimized for
this parameter, allows the signals transmitted by one antenna
to be isolated from an adjacent or nearby antenna, aligned to
the same distant point, by a sufficient amount to prevent
meaningful interaction between the receiver and the transmit-
ter. This allows the use of independent antennas (and antenna
apertures) to coexist at the same location and eliminates limi-
tations of the components needed to connect them to a single
antenna.

[0065] Additionally, the inherently rectangular structure of
the WTA and CTS antennas allows close packing of the
independent apertures, compared to the typical round aper-
tures of reflector-based antenna architectures, to form a mini-
mal area form factor.

[0066] Inthe preferred embodiment implementing WTA or
CTS antennas, the WTA and CTS antennas may in some
implementations be slightly more efficient than reflective lens
antennas, and with the elimination of a diplexer when using
the multiple aperture concept, the reduced loss from not using
a diplexer offsets much of the lost gain from the smaller size
of each (receive and transmit) antenna. Accordingly, where
equal antenna visible aperture size is desired embodiments of
the present invention eliminate the band coverage limitations
of'the diplexer coupled transmitters and receivers. Where the
antenna visible aperture size is allowed to grow, although
some low loss filtering may be needed for system optimiza-
tion, the reduced antenna gain can be totally offset or even
increased by the eliminated loses. As a design parameter, the
antenna size can be increased as desired to add gain where
aesthetic and mechanical limitations allow. Accordingly, a
realistic expectation of a system embodying the multiple
aperture present invention would use an antenna array large
enough to offset the difference in the combination of antenna
gain and diplexer plus coupler plus OMT loses to create an
equal system gain equivalent configuration. Additionally, by
utilizing the preferred WTA or CTS antennas, the inherent
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low side-lobe performance without the use of shrouds com-
mon to the reflective lens antennas, and the integration of the
radio head electronics into the antenna structure, provides for
a thinner total outline and therefore an overall lower volume,
cost, and weight even though the total antenna aperture area
may be larger.

[0067] The basic configuration for a conventional point-to-
point radio is shown in FIGS. 7A-7C, a multiple aperture
antenna radio with separate receive and a transmit antennas is
shown in FIGS. 8A-8C, and a multiple aperture radio with
integrated separate antennas is shown in FIGS. 9A-9C. The
radio head may include only the radio frequency (RF) and
analog portions of the radio or may also contain the digital
portions associated with modem and other digital processing
functions.

[0068] FIGS.7A-7C show block diagrams of various levels
of abstraction for a conventional point-to-point radio 700
with an antenna 720 and a radio head 710 with diplexer
isolation 713 of a transmitter 717 and a receiver 715. FIG. 7A
shows a perspective view of an antenna aperture 720 of aradio
700 in one end of a conventional point-to-point radio com-
munication system. FIG. 7B shows a block diagram of a
single antenna 720 coupled to a single radio head 710 in one
side of a conventional point-to-point radio communication
system with radios 700 with diplexer isolation 713.

[0069] FIG. 7C shows a block diagram of the components
of the radio head 710. The radio head 710 may comprise a
transmitter 711 coupled to a diplexer 712. The diplexer 712 is
coupledto a single antenna 720. The diplexer comprises a first
filter 713 coupled to the transmitter 711 that is configured to
filter transmit signals before being passed to the antenna 720
from the transmitter 711. The diplexer 712 further comprises
a second filter 714 coupled to the receiver 715 that is config-
ured to filter received signals from the antenna 720 before
being passed to the receiver 715. The transmitter 711 and the
receiver 715 are both coupled to a modem and data processor
716 that is further coupled to a data input 717 and data output
718 for the radio head 710. A processor 716 may control the
operation of the radio head 710 as well as process the received
data signals, transmitted data signals, data input 717, and data
output 718. The processor 716 may be optional depending on
the type of communication system and the configuration of
the radio head 710. The radio head 710 may transmit and
receive communications to a second radio head (not shown)
on the other side of a point-to-point radio system link through
the antenna 720.

[0070] FIGS. 8A-8C show block diagrams of various levels
of abstraction for a multiple antenna point-to-point commu-
nication radio 800 with a separate transmit antenna 814 and
receive antenna 817, according to embodiments of the present
invention. FIG. 8A shows perspective views of a multiple
antenna apertures 814, 817 of a radio 800 in one end of a
point-to-point radio communication system, according to
embodiments of the present invention.

[0071] FIG. 8B shows a radio 800 of one end of a point-to-
point radio communication system with multiple separate
antennas 814, 817 coupled to a single radio head 810 through
separate antenna interfaces 813,816. The radio head 810 is
coupled to a transmit antenna interface 813 which couples the
radio head 810 to a first antenna (i.e., transmit antenna) 814.
The radio head 810 is further coupled to a receive antenna
interface 816 which couples the radio head 810 to a second
antenna (i.e., receive antenna) 817.
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[0072] FIG. 8C shows a block diagram of a radio head 810
according to embodiments of the present invention. The radio
head 810 may comprise a modem and data processor 811
coupled to a transmit circuit (i.e., transmitter) 812 that is
configured to operate at a first frequency (F1). The transmitter
812 may be coupled to a transmitter antenna interface 813 that
couples the transmitter 812 to an antenna 814 that is config-
ured to transmit signals at the first frequency. The transmit
antenna interface 813 may be configured such that the
antenna interface 813 does not cause a substantial electrical
loss for a signal passed from the transmitter 812 to the trans-
mit antenna 814. Accordingly, the transmit antenna interface
813 may include, for example, an electrical wire, waveguide,
lead, or any other suitable material, path, transmitter and
receiver, or other suitable transmission element that passes
signals from a transmit circuit 812 to an antenna 814 without
causing more than negligible electrical losses.

[0073] The processor 811 may also be coupled to a receive
circuit (i.e., receiver) 815 configured to operate at a second
frequency (F2). The receiver 815 may further be coupled to a
receive antenna interface 816 that couples the receiver 815 to
an antenna 817 that is configured to receive signals at the
second frequency (F2). The receive antenna interface 816
may be configured such that the receive antenna interface 816
does not cause a substantial electrical loss for a signal passed
from the receive antenna 817 to the receiver 815. Accord-
ingly, the receive antenna interface 816 may include, for
example, an electrical wire, waveguide, lead, or any other
suitable material, path, transmitter and receiver, or other suit-
able transmission element that passes signals from a receive
antenna 817 to a receiver 815 without causing more than
negligible electrical losses. The receive antenna 814 may be
separate and independent from the second antenna 817.

[0074] In other embodiments, the two antennas may be
integrated into a single antenna array. For example, FIGS.
9A-9C show block diagrams of various levels of abstraction
for a multiple antenna point-to-point communication radio
900 with a separate transmit antenna 914 and receive antenna
917 that have been incorporated into a single antenna array
920. FIG. 9A shows perspective views of a multiple antenna
apertures 914, 917 of a radio 900 at one end of a point-to-point
radio communication system, according to embodiments of
the present invention. FIG. 9B shows a block diagram of a
radio head 910 coupled to multiple antenna apertures incor-
porated into a single antenna array 920 with a transmit
antenna 914 and a receive antenna 917. The radio head 910 is
coupled to a transmit antenna interface 913 which couples the
radio head 910 to a first antenna (i.e., transmit antenna) 914.
The radio head 910 is further coupled to a receive antenna
interface 916 which couples the radio head 910 to a second
antenna (i.e., receive antenna) 917. Accordingly, the point-
to-point communication system radio head 910 shown in
FIGS. 9A-9C is identical to that described in reference to
FIGS. 8A-8C above. However, in the radio 900 shown in
FIGS. 9A-9C, the multiple antennas 914, 917 of the radio
head 910 have been incorporated into a single integrated
antenna array 920.

[0075] By integrating the antennas into an array, and inte-
grating the radio head electronics into the same mechanical
structure, interconnections between radio segments and func-
tions that allow coordination of command and control and
aggregation of the data streams through multiple radio carri-
ers, is greatly simplified and provides for higher levels of
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integration of the system resulting in a high capacity multi-
gigabit data rate system in a single package.

II. Use of Sets of Separate Receive and Transmit
Antennas (Multiple Apertures) for Protected Radio
Configurations

[0076] An extension of the basic point-to-point radio is the
combination of two radios for operation of one or the other at
any given time. In this configuration both radios are tuned to
the same frequency and the primary radio operates in a nor-
mal fashion while the other radio (i.e., protection radio)
remains off but ready to operate in the event of a malfunction
of'the active radio (i.e., primary radio). This configuration is
typically called a 1+1 protected system.

[0077] FIGS. 10A-10C show block diagrams of various
levels of abstraction for a conventional point-to-point radio
implementing a 1+1 protected radio terminal 1000 with cou-
plers 1030 providing isolation between a primary radio head
1010 and a protection radio head 1020. As shown in FIG. 10B,
141 protected radio systems 1000 typically use a coupler
1030 to connect the two radios 1010, 1020 to a common
antenna 1040 through either an equal power splitting (3 dB
coupling loss to each path) or an unequal power splitting such
as from a 10 dB coupler (approximately 0.5 dB coupling loss
through one path and approximately 9.5 dB coupling loss
through the other). The couplers 1030 may have an added
insertion loss (typically in the order of 0.5 dB) making the
actual loss either 3.5 dB per path for the equal loss case or
approximately 1.0 dB and 10.0 dB for the 10 dB coupler case.
When compared to a single radio with a conventional circular
antenna (e.g., the radio of FIGS. 7A-7C), the configuration
with an equal loss coupler will have approximately 3.5 dB per
radio or 7 dB added to the link loss for both the primary 1010
and the protection radio 1020.

[0078] FIGS. 11A-11C show block diagrams of various
levels of abstraction for a multiple aperture protected radio
terminal 1100 with high isolation antenna apertures 1114/
1124, 1117/1127 (e.g., integrated continuous transverse stub
(CTS) antenna apertures) providing isolation between trans-
mitters 1112, 1122, receivers 1115,1125, and radios 1110,
1120, according to an exemplary embodiment of the present
invention. The multiple aperture protected radio terminal
1100 may comprise two radio heads, a first radio head that is
a primary radio head and a second radio head that is a pro-
tection radio head. The primary radio head and the protection
radio head may operate alternately, and the transmitters 1112/
1122 of the primary radio head 1110 and the protection head
1120 may be configured to operate on the same frequency.
Accordingly, the receivers 1115/1125 of the primary radio
head 1110 and the protection head 1120 may also be config-
ured to operate on the same frequency.

[0079] The primary radio head 1110 may be identical to the
radio heads described in reference to FIGS. 9A-9C and FIGS.
10A-10C above, and the protection radio head 1120 may be
identical to the primary radio head 1110. Accordingly, the
141 protected radio terminal 1100 may comprise four anten-
nas 1114/1124, 1117/1127 including two separate antennas
for each radio head 1110, 1120.

[0080] In comparison, the combination of gains and losses
for the four aperture 1+1 protected radio terminal 1100 com-
pared to a single radio with a conventional circular antenna
(e.g., the radio 700 shown in FIGS. 7A-7C) of equal total
visible area is a net loss of approximately 3.8 dB to 4.2 dB,
with 6 dB of loss from the smaller antenna apertures and 0.8
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dB to 2.2 dB gain from not having the diplexer loss. This is
equal to 7.6 dB to 8.4 dB of added link loss.

[0081] Therefore, as a comparison between the equal loss
coupler configuration (e.g., the radio 1000 shown in FIGS.
10A-10C) and an equal-aperture-area multiple-aperture
equivalent (e.g., the radio 1100 shown in FIGS. 11A-11C)
implemented in current embodiments of the present inven-
tion, the four aperture approach will have as much as 1.4 dB
more loss than the configuration with the coupler. For
example, with corrections for the added area to the conven-
tional antennas for side-lobe reduction shrouds and the simi-
lar mechanical borders to the WTA or CTS antennas for a
radome to the visible areas of each, for equal system gain the
net increase in the total surface area for the multiple aperture
concept using WTA or CTS antennas is approximately 10%.
However, embodiments of the present invention provide an
added benefit of lower total occupied volume and no diplexer
restrictions.

[0082] The unequal loss coupler configuration allows
lower loss in the primary path (i.e., primary head 1010 to
antenna 1040), while a higher loss is seen in the protection
path (i.e., protection head 1020 to antenna 1040). Accord-
ingly, when all is well, the principal path may have less
overall loss than with the equal power configuration, but at the
expense of more loss when the primary radio 1010 fails and
the protection radio 1020 is called into action. In both cases
the losses add to both ends of the link and at best are approxi-
mately 2 dB for the primary radio 1010 and at worst approxi-
mately 20 dB for the protection radio 1020.

[0083] For the case of the conventional 10 dB coupler con-
figuration, a comparison of visible antenna frontal area for the
four-aperture multiple-aperture approach 1100, when cor-
rected for the shrouds and borders as above, shows that an
increase of approximately 56% in total visible aperture area
1130 will provide equal gain for the primary radio 1110. As
the multiple-aperture case 1100 has equal gain for both radios
1110, 1120, the same increase provides an 18 dB increase in
system gain for the radio providing protection 1120 and again
provides the benefit of less total occupied volume and no
diplexer restrictions.

[0084] Therefore, in embodiments of the invention, the
antenna size may be used as a system design parameter, where
the antenna size can be adjusted as needed to increase gain or
reduce size to provide the same or more gain as a conventional
system, as aesthetic and mechanical limitations allow.
[0085] Accordingly, embodiments of the present invention
provide the benefit that the multiple aperture approach for any
chosen gain configuration eliminates the tuning range limita-
tions of the diplexer coupled transmitters and receivers inher-
ent in the conventional systems, and eliminates the cost,
weight, and mechanical constraints of the diplexers and cou-
plers contained in the conventional systems. However, in
some applications, such as the unequal gain coupler typically
used in protected systems, embodiments of the present inven-
tion can increase the system gain for some modes of operation
even though the individual apertures are much smaller than
the conventional antennas when the total antenna surface area
is held constant.

III. Use of Sets of Separate Receive and Transmit
Antennas (Multiple Apertures) for Bonded Channel
Radio Configurations

[0086] A very similar approach to the 1+1 protected system
is a 240 radio system in which the same combination of two
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radios are used differently by setting the two radios to differ-
ent channels (i.e., operating at different frequencies) and
operating them at the same time (i.e., simultaneously). The
2+0 configuration may double the data capacity and if the data
stream is configured to be divided between the two radio sets,
the radios are said to be “Bonded”. The systems are similar to
those shown in FIGS. 10A-10C and 11A-11C. Accordingly,
the systems are not shown in the figures. Refer to the above
description and referenced figures for descriptions of the
systems.

[0087] When implemented in a conventional system (not
shown), the bonded radios may be configured through equal
loss couplers as they are expected to be equally capable. For
this case, the comparison to the multiple aperture concept (not
shown) is equivalent to the equal loss couplers described
above and the area of the total multiple apertures must be
approximately 12% greater than a typical conventional sys-
tem using separate radios combined using couplers to a single
reflective lens antenna.

[0088] As with the 1+1 radio system, the primary benefit
from the multiple aperture approach is the elimination of the
tuning range limitations of the diplexer coupled transmitters
and receivers inherent in the conventional systems, as well as
the eliminated cost, weight, and mechanical constraints of the
diplexers and couplers contained in those conventional sys-
tems.

IV. Use of Sets of Separate Receive and Transmit
Antennas (Multiple Apertures) for Cross Polarized
(XPIC) Radio Systems

[0089] One of the most discussed conventional approaches
to increasing the capacity of point-to-point radio systems is
the use of two radio systems operating on the same channel
but using orthogonal polarities (horizontal and vertical) to
reduce the interference of one radio with the other. This
configuration is similar in many respects to the 240 system in
which the radios operate on different channels but are typi-
cally on the same polarity.

[0090] The dual polarity system requires additional digital
processing of the received signals to further reduce the dis-
tortions of each signal by the signal on the opposite polarity.
This processing uses the received signal from the opposite
polarity receiver to remove the distortions and is referred to as
cross polarity interference cancellation (XPIC) and the sys-
tem using this process is often referred to as an XPIC system.
[0091] FIGS. 12A-12C show block diagrams of various
levels of abstraction for a conventional XPIC radio terminal
1200 with an ortho-mode transducer (OMT) 1230 providing
isolation between radio heads 1210, 1220. As shown in FIG.
12B, in an XPIC system 1200 the two radios 1210, 1220 are
connected to a common antenna 1240 through an Ortho-
Mode Coupler (OMT) 1230. The OMT 1230 combines the
signals in a waveguide structure to send them on to the
antenna 1240, which must be capable of accepting and cou-
pling the signals to the air interface for both polarities. The
electrical loss of the OMT 1230 is much less than from a
coupler and is typically in the order of 0.5 to 1.0 dB.

[0092] In the multiple aperture concept, the OMT 1230 is
eliminated and each of the two radios are connected directly
to an individual antenna aperture with a transmit aperture and
a receive aperture assigned to each the horizontal and vertical
polarity. FIGS. 13A-13C show block diagrams of various
levels of abstraction for a multiple aperture radio terminal
with high isolation antenna apertures 1314/1324, 1317/1327
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(e.g., integrated continuous transverse stub (CTS) antenna
apertures) providing isolation between transmitters 1312,
1322, receivers 1315,1325, and radios 1310, 1320, according
to an exemplary embodiment of the present invention. The
multiple aperture radio terminal 1300 may comprise two
radio heads 1310, 1320, a first radio head 1310 that is con-
figured to operate at a first frequency channel (transmit at a
first frequency and receive at a second frequency) and a
second radio head 1310 that is configured to operate at a
second frequency channel (transmit at a third frequency and
receive at a fourth frequency). The first radio head 1310 and
the second radio head 1320 may operate simultaneously, and
the transmitters 1312/1322 of'the first radio head 1310 and the
second radio head 1320 may be configured to operate on
different frequencies. Accordingly, the receivers 1315/1325
of the first radio head 1310 and the second radio head 1320
may also be configured to operate on different frequencies.
[0093] As in the cases described above, the OMT coupled
paths of the conventional system 1200 have the loss of both
the diplexer filter and the OMT, totaling approximately 2.0 to
3.0 dB, while the multiple aperture concepts 1300 do not.
However with the multiple aperture approach 1300, given an
equal area presented to a viewer, each aperture 1314/1324,
1317/1327 is smaller with an associated reduced gain.
[0094] For the best case of the conventional approach (e.g.,
FIGS. 12A-12C), the net gain difference between it and the
multiple aperture design (e.g., FIGS. 13A-13C) provides a 4
dB loss on each end of the link for the multiple apertures.
Considering the differences in supporting area for shrouds for
the reflective lens antenna and a radome for the CTS, a net
increase in the order of 73% is needed for the multiple aper-
ture design to have equal system gain.

[0095] Again, as the primary benefit, the multiple aperture
approach for any chosen gain configuration eliminates the
tuning range limitations of the diplexer coupled transmitters
and receivers inherent in the conventional systems, and elimi-
nates the cost, weight, and mechanical constraints of the
diplexers and couplers contained in the conventional systems.
And, as a system design parameter, the antenna size can be
adjusted to increase gain or reduce size.

V. Use of Sets of Separate Receive and Transmit
Antennas (Multiple Apertures) for Combined
Bonded Channel and Cross Polarized (XPIC) Radio
Systems

[0096] The highest capacity point-to-point systems accu-
mulate bandwidth where available and use spectrum efficient
modulation techniques to maximize the amount of data that is
sent over that bandwidth. Duplicate licensed band point-to-
point bandwidth is available in horizontal and vertical polar-
ization polarities and systems using both polarities combined
with the greatest available bandwidth, whether as continuous
wide channels or as combined bonded channels, provide the
highest capacities. The channels will be the widest that
present technical and licensing restrictions allow, with the
technical limitations typically coming into play for current
available devices at a maximum of 56 MHz bandwidth and
licensing limitations at 112 MHz bandwidth.

[0097] Currently, based on hardware limitations, these high
capacity implementations may use two separate 56 MHz
Bandwidth data channels to provide for a total of 112 MHz of
assigned bandwidth, and duplicate these for the horizontal
and vertical polarity (e.g., four radio heads). FIG. 14A-14C
show block diagrams of various levels of abstraction of a
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conventional multiple channel XPIC radio terminal 1400
with couplers 1412, 1413 and an OMT 1411 providing iso-
lation between radios 1420, 1430, 1440, 1450. While the
hardware may be separated or integrated into single housings,
the four radio head circuits carrying these four separate data
streams may have two radio head circuits combined using an
equal loss coupler 1412, 1413 for each polarity with a loss of
3.5 dB to 3.8 dB for the coupler 1412, 1413. The two radio
head sets 1420/1430, 1440/1450 may be connected to the
antenna 1410 using an OMT 1411 to place them in orthogonal
polarities, with a typical 0.5 to 1.0 dB loss for the OMT 1411.
For this combination each end of the link will see a total loss
of approximately 4 dB to 4.8 dB.

[0098] Additionally the conventional radio head (e.g. radio
head 1420), using a diplexer 1422 to combine the transmitter
1421 and receiver paths 1425 will have a loss in the diplexer
1422 of 1.0 dB to 2.0 dB. This causes a total loss from the
transmitter 1421 or receiver 1425 to the antenna 1410 of 5.0
dB to 6.8 dB for each terminal and 10.0 dB to 13.6 dB for the
link.

[0099] FIGS. 15A-15C show block diagrams of various
levels of abstraction with multiple aperture multiple channel
radio terminal 1500 with 6 integrated WTA or CTS antenna
apertures 1514, 1524, 1534, 1544, 1554, 1552 providing iso-
lation between transmitters 1512, 1522, 1532, 1542, receivers
1515, 1525, 1535, 1545, and radios 1510, 1520, 1530, 1540.
Using the multiple aperture approach eliminates the diplexer,
coupler, and OMT and couples each transmitter and receiver
directly to the antenna through an antenna interface, with the
antenna isolation providing the same functions as described
in embodiments above, to prevent meaningful interaction
between the transmitters 1512, 1522, 1532, 1542 and receiv-
ers 1515, 1525, 1535, 1545.

[0100] As there are four transmitters in this configuration,
for maximum transmitted power, each transmitter may be
connected to a separate antenna aperture. The antennas may
be of the same type, or of different types, or a combination of
types. However, with the loss of output power for a single data
stream, the two horizontal transmit channels and the two
vertical transmit channels may be combined such as to cause
each of the polarities to use a single set of transmitter output
stages along with a single transmit antenna aperture. FIGS.
16A-16C show block diagrams having at levels of abstraction
for a multiple aperture multiple channel radio terminal 1600
with four integrated WTA or CTS antenna apertures 1652,
1654, 1656, 1658 providing isolation between transmitters
1612, 1622, 1632, 1642, receivers 1614, 1624, 1634, 1644,
and radios 1610, 1620, 1630, 1640 and implementing a dual
transmit function to reduce complexity further at the expense
of transmit power (i.e. two transmit antennas instead of four).
Combining the transmit data streams through the single trans-
mitter final stages (after all frequency determining functions
have been accomplished) effectively creates a dual transmit
function. Combining these signals reduces the output power
by a minimum of 3 dB, although in many cases nonlinearities
of' the final stages may cause distortion concerns that further
reduce the available output power from the combined signals.

[0101] Thus, either two antenna apertures may be used for
the transmit function by combining channels (as shown in
FIGS. 16A-16C) or, for maximum transmit output power,
four antenna apertures may be used with a separate antenna
and power output amplifier allocated for each of the four data
channels (as shown in FIGS. 15A-15C).
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[0102] Two receive channels may be combined through a
single low noise amplifier (LNA) 1653, 1657 to allow for
separately receiving two data streams, effectively creating a
dual receiver. Using such a dual receiver has little or no
performance penalties and the two horizontal receive chan-
nels may use the same antenna aperture 1654, and the two
vertical receive channels can be combined through a single
antenna aperture 1658. Thus, only two receive apertures are
required, one for horizontal signals and one for vertical sig-
nals. Both multiple aperture approaches provide the benefits
of eliminating the frequency restrictions of the diplexer fil-
ters.

V1. Technical Advantages

[0103] Embodiments of the present invention provide a
number of technical advantages. For example, the elimination
of a diplexer from a radio head removes the tuning range
limitations set by the diplexer filter bandwidths and allows a
much smaller number of radio head designs, in some cases
even a single design, to be capable of covering the available
band in each of the defined point-to-point operating bands.
This concept also allows using the same radio head to be used
for any Transmit to Receive (TR) frequency spacing rather
than having a set of diplexers for essentially each TR, whether
the TR is presently defined or presently unused due to con-
ventional filter limitations, including allowing side by side
TR spacing where the passband edge of the transmit band-
width is the same as one passband edge of the receive band-
width, which allows operation in otherwise unusable narrow
licensed and unlicensed bands, in which total bandwidth limi-
tations prevent the use of current FDD equipment. Eliminat-
ing the diplexer also greatly reduces the cost of designing and
manufacturing the radio heads, and allows pre-building and
stocking of the lower number of products which reduces the
lead time in procuring new and spare radio heads. Typical
reductions in the number of designs to cover the most com-
mon 14 licensed bands for point-to-point applications is in the
order of several hundred unique parts being reduced to as few
as 14 unique parts.

[0104] Removal of the diplexer also removes the cost of the
diplexer and the electrical loss of those circuits to increase the
available transmit power and lower the receiver sensitivity
such that the link gain of the system for equal gain antennas is
increased in the order of typically 1.6 dBto 4.4 dB (0.8 t0 2.2
for each radio). Alternately, the increased system gain can be
used to offset the larger total aperture size of two antennas
compared to a single antenna, and taking the advantage
through the wide TR spacing allowed to a single radio.
[0105] The removal of couplers from protected point-to-
point systems, where two (or more) radio heads share the
same antenna, with one of the radio heads serving as a backup
for the other(s), thereby providing protection for the link from
complete data loss in the event of a failure of one of the radio
heads, removes both the cost of the coupler(s) and the added
loss, which will typically range from 1 dB to 4 dB for the
primary radio head(s) and from 4 dB to 11 dB for the backup
radio head. The removal of the coupler also reduces the
weight of the combined radio head, coupler, and antenna
assembly which reduces the loading of the antenna mounting
structure.

[0106] Removal of the OMT from a cross polarized (or-
thogonal) radio head system, where two (or more) radio heads
are combined to increase spectral efficiency by using the
same frequency for two separate data streams on orthogonal
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polarities, eliminates the cost, weight, and electrical loss
(which typically range from 0.5 to 1.5 dB) of the OMT.
[0107] Forequal antenna gain, use of the multiple antennas,
or multiple antenna apertures in an integrated array, will
increase the total area of the antenna surface, and if equal
surface area is required, the gain for each antenna will be
reduced. However, the reduced losses offset some or all of this
reduced gain and in some cases provide a net positive gain for
equal total antenna aperture area. The relative gain trade-off
for various configurations is discussed below. In each case,
whether the system gain is reduced or increased, the advan-
tage of the wide tuning range and low number of designs
exists.

VII. Additional Embodiments

[0108] FIG. 17 shows a block diagram of an exemplary
signal and data processor 1710 of a radio head, according to
embodiments of the present invention. The processor of FIG.
17 may be implemented in any of the embodiments described
above including radio heads shown in FIGS. 6-16C. The
modem and data processor 1710 may comprise a micropro-
cessor (i.e., processor) 1711, a transmitter interface 1712, a
receiver interface 1713, a computer readable medium 1714
including any operational modules 1715 that are necessary to
process received signals and transmit signals or communica-
tions as described herein, and a data interface 1716.

[0109] The transmitter interface 1712 may electrically
couple the modem and data processor 1710 to one or more
transmit circuits of a radio head and subsequently one or more
transmit antennas. The transmitter interface 1712 may deliver
the appropriate data signal from the modem and data proces-
sor to a transmit circuit and subsequently an antenna to be
transmitter or sent to a second radio head.

[0110] The receiver interface 1713 may electrically couple
the modem and data processor 1710 to one or more receive
circuits of a radio head and subsequently one or more receive
antennas. The receiver interface 1713 may deliver the
received data signal from the receive circuits to the modem
and data processor 1710 for further processing. The modem
and data processor 1710 may ensure the radio head receives
transmitted signals from a second radio head, transmits data
inputs to the second radio head, and otherwise ensures the
communication system operates correctly. The modem and
data processor 1710 may also comprise (or be coupled to) any
other processors, software modules, and/or hardware mod-
ules to complete any other tasks or activities necessary to
ensure correct operation of the communication system as
described herein.

[0111] The terms “machine readable medium” and “com-
puter readable medium,” as used herein, refer to any medium
that participates in providing data that causes a machine to
operate in a specific fashion. In an embodiment of the present
invention implemented using a radio head as described
herein, various machine-readable media might be involved in
providing instructions/code to processors for execution and/
or might be used to store and/or carry such instructions/code
(e.g., as signals). In many implementations, a computer read-
able medium is a physical and/or tangible storage medium.
Such a medium may take many forms, including but not
limited to, non-volatile media, volatile media, and transmis-
sion media. Non-volatile media includes, for example, optical
or magnetic disks, such as storage devices. Volatile media
includes, without limitation, dynamic memory, such as the
working memory. Transmission media includes coaxial
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cables, copper wire, and fiber optics, including the wires that
comprise a system bus and interconnect the various elements
of'the signal and data processor shown in FIG. 17, as well as
various components of subsystems such as a communications
subsystem or network delivery interface (and/or the media by
which the communications subsystem provides communica-
tion with other devices).

[0112] Common forms of physical and/or tangible com-
puter readable media include, for example, a floppy disk, a
flexible disk, hard disk, magnetic tape, or any other magnetic
medium, a CD-ROM, any other optical medium, punchcards,
papertape, any other physical medium with patterns of holes,
aRAM, a PROM, an EPROM, a FLASH-EPROM, any other
memory chip or cartridge, or any other medium from which a
computer can read instructions and/or code.

[0113] Various forms of machine-readable media may be
involved in carrying one or more sequences of one or more
instructions to the computer processor for execution. Merely
by way of example, the instructions may initially be carried
on a magnetic disk and/or optical disc of a remote computer.
A remote computer might load the instructions into its
dynamic memory and send the instructions as signals over a
transmission medium to be received and/or executed by
point-to-point radio systems and point-to-multipoint radio
systems as described herein. These signals, which might be in
the form of electromagnetic signals, acoustic signals, optical
signals, and/or the like, are all examples of carrier waves on
which instructions can be encoded, in accordance with vari-
ous embodiments of the invention.

[0114] The present invention has been described above in
terms of presently preferred embodiments so that an under-
standing of the present invention can be conveyed. There are,
however, many configurations of systems for managing the
delivery of progressively downloaded video data not specifi-
cally described herein but with which the present invention is
applicable. The present invention should therefore not be seen
as limited to the particular embodiments described herein, but
rather, it should be understood that the present invention has
wide applicability with respect to video data delivery systems
generally. All modifications, variations, or equivalent
arrangements and implementations that are within the scope
of the attached claims should therefore be considered within
the scope of the invention.

We claim:
1. A radio head in a point-to-point communication system,
the radio head comprising:
a transmitter configured to operate at a first frequency;
a receiver configured to operate at a second frequency; and
aprocessor coupled to both the transmitter and the receiver,
wherein the transmitter is further coupled to a first
antenna interface that is coupled to a first antenna con-
figured to transmit signals at the first frequency, and
wherein the receiver is further coupled to a second
antenna interface that is coupled to a second antenna
configured to receive signals at the second frequency.
2. The radio head of claim 1, wherein the first antenna
interface passes signals substantially without electrical loss
from the transmitter to the first antenna, and wherein the
second antenna interface passes signals substantially without
electrical loss as received from the second antenna to the
receiver.

3. The radio head of claim 1, wherein the first and second
antenna are integrated into a single antenna array.
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4. The radio head of claim 1, wherein the radio head is a
first radio head and wherein the processor is a first processor,
wherein the first processor is coupled to a second processor of
a second radio head, wherein the second radio head com-
prises:

a second transmitter configured to operate at a third fre-

quency;

a second receiver configured to operate at a fourth fre-

quency; and

the second processor coupled to both the second transmit-

ter and the second receiver, wherein the second trans-
mitter is further coupled to a third antenna interface
coupled to a third antenna configured to transmit signals
atthe third frequency, and wherein the second receiver is
further coupled to a fourth antenna interface coupled to
a fourth antenna configured to receive signals at the
fourth frequency.

5. The radio head of claim 4, wherein the first radio head
and the second radio head operate alternately, wherein the
first frequency and the third frequency are the same, and
wherein the second frequency and the fourth frequency are
the same.

6. The radio head of claim 5, wherein the first radio head is
a primary radio head, and wherein the second radio head is a
protection radio head.

7. The radio head of claim 4, wherein the first radio head
and the second radio head operate simultaneously, wherein
the first frequency and the third frequency are different, and
wherein the second frequency and the fourth frequency are
different.

8. The radio head of claim 4, wherein the first radio head
and the second radio head operate simultaneously on differ-
ent frequencies, and wherein the first radio head and the
second radio head are configured to send and receive signals
having orthogonally different polarizations from each other.

9. The radio head of claim 4, wherein the first radio head
and the second radio head operate simultaneously on the
same frequencies, and wherein the first radio head and the
second radio head send and receive signals having orthogo-
nally different polarizations from each other.

10. The radio head of claim 9, wherein the first radio head
is a horizontal polarity radio head, wherein the horizontal
polarity radio head is configured to transmit and receive sig-
nals having a horizontal polarization, wherein the second
radio head is a vertical polarity radio head, and wherein the
vertical polarity radio head is configured to transmit and
receive signals having a vertical polarization.

11. The radio head of claim 1, wherein the first antenna and
the second antenna are high isolation antennas.

12. The radio head of claim 1, wherein at least one of the
first antenna and the second antenna is a WTA or CTS
antenna-type.

13. The radio head of claim 1, wherein the first antenna and
the second antenna are of different antenna types.

14. A point-to-point radio communication system compris-
ing:

two or more radio heads, comprising at least a first radio

head and a second radio head, each of the two or more

radio heads including

a transmitter configured to operate at a first frequency,

a receiver configured to operate at a second frequency,
and

a processor coupled to both the transmitter and the
receiver, wherein the transmitter is further coupled to
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a first antenna interface that is coupled to a first
antenna configured to transmit signals at the first fre-
quency, and wherein the receiver is further coupled to
a second antenna interface that is coupled to a second
antenna configured to receive signals at the second
frequency;

wherein the first radio head and the second radio head are
configured to communicate with each other;

a first antenna coupled to the first antenna interface of the
firstradio head, which is coupled to the transmitter of the
first radio head;

a second antenna coupled to the second antenna interface
of'the first radio head, which is coupled to the receiver of
the first radio head;

a third antenna coupled to the first antenna interface of the
second radio head, which is coupled to the transmitter of
the second radio head; and

a fourth antenna coupled to the second antenna interface of
the second radio head, which is coupled to the receiver of
the second radio head, wherein the transmitter of the first
radio head is configured to transmit a first signal using
the first antenna, wherein the fourth antenna of the sec-
ond radio head is configured to receive the first signal,
wherein the transmitter of the second radio head is con-
figured to transmit a second signal using the third
antenna, and wherein the second antenna of the first
radio head is configured to receive the second signal.

15. The point-to-point radio communication system of
claim 14, wherein the first signal is transmitted at a first
frequency and wherein the second signal is transmitted at a
second frequency, wherein the first frequency and second
frequency are different.

16. The point-to-point communication system of claim 14,
wherein the first signal and the second signal are sent and
received on a first channel, and wherein the system further
comprises a second set of radio heads configured to send and
receive signals on a second channel.

17. The point-to-point communication system of claim 14,
wherein the first signal and the second signal have a first
polarization, and wherein the system further comprises a
second set of radio heads configured to send and receive
signals having a second polarization, and wherein the second
polarization is orthogonal from the first polarization.

18. The point-to-point communication system of claim 16,
wherein the first signal and the second signal have a first
polarization, and wherein the second set of radio heads are
further configured to send and receive signals having a second
polarization, and wherein the second polarization is orthogo-
nal from the first polarization.

19. The point-to-point radio communication system of
claim 14, wherein the first antenna interface of the first radio
head does not cause electrical losses for signals passed from
the transmitter to the first antenna of the first radio head,
wherein the second antenna interface of the first radio head
does not cause electrical losses for signals received from the
second antenna of the first radio head and passed to the
receiver, wherein the first antenna interface of the second
radio head does not cause electrical losses for signals passed
from the transmitter to the first antenna of the second radio
head, and wherein the second antenna interface of the second
radio head does not cause electrical losses for signals received
from the second antenna of the second radio head and passed
to the receiver.



