TIME-DIVISION DUPLEX (TDD) ANTENNA SYSTEM

RELATED APPLICATIONS
[0001] This application claims priority from U.S. Provisional Application
No. 62/741311, filed 4 October 2018, and U.S. Provisional Application No. 62/768026,

filed 15 November 2018, which are both incorporated herein by reference in their entirety.

TECHNICAL FIELD
(0002} This disclosure relates generally to communication systems, and more specifically

to a time-division duplex (TDD) antenna system.

BACKGROUND
16003] An antenna array (or array antenna) is a set of multiple antenna elements that
work together as a single antenna to transmit or receive radio waves. The individual antenna
elements can be connected to a receiver and/or transmitter by circuitry that applies an appropriate
amplitude and/or phase adjustment of signals received and/or trausmitied by the antenna
clements. When nsed for transmitting, the radio waves radiated by cach individuoal antenna
element combine and saperpose with each other, adding together (interfering constructively) to
enhance the power radiated in desired directions, and cancelling (interfering destructively) to
reduce the power radiated in other directions. Similarly, when osed for receiving, the separate
received signals from the individual antenna elements are combined with the appropriate
amplitude and/or phase relationship to enhance signals received from the desired directions and

cancel signals from undesired directions.

SUMMARY
[0004] One example includes a self-synchronizing TDD antenna system. The system
inclades an antenna to compunicate transmit and receive signals and an antenna circuit coupled
to a user communication system via a transmission line cable. The antenna circnit includes a
transmission line measurement circuil to determine signal loss through the transmission line

cable and an amplitnde adjustment circnit to adjust amplitode of the transmit and/or receive
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signals based on the determined signal loss. The antenna circuit also includes a transmit
detection circuit to monitor signal power of the transmit signal, and a controller to switch the
amplitude adjustment circuit from a receive mode to a transruit mode in response to the
monitored signal power exceeding a predetermined threshold. In the receive mode, the
adjustment circuit applies a receive amplitude adjustment to the receive signal, and in the
transmit mode the adjustment circuit applies a transimit amplitude adjustment to the transmit
signal.

[0005] Another example includes a method for commumicating at least one of a transmit
signal and a receive signal via a time-division duplex (TDD) antenna systemn comprising an
antenna. The method includes providing a calibration signal from an anlenna ¢ircuit associated
with the antenna system {0 a user conununication system on at least one transmission line cable.
The method also includes receiving a returned signal corresponding to the calibration signal
retransmitted back from the user communication system to the antenna circuit and determining
signal loss between the user communication system and the antenna circuit through at least one
transmission line cable based on the returned signal. The method also includes monitoring signal
power of the transmit signal obtained from the user communication system via the af least one
transmission line cable and adjusting an amplitade of the receive signal in a receive mode based
on the determined signal loss. The method further includes switching an amplitude adjustment
circuit from the receive mode to a transmit mode in response to the monitored signal power
exceeding a predetermined threshold, and adjusting an amplitude of the transmit signal in the

transmit mode based on the determined signal loss.

BRIEF DESCRIFTION OF THE DRAWINGS

[0006] FIG. 1 tllustrates an exarmple of a communication sysiem.

[0007] FIG. 2 illustrates an example of an antenna system.

[0008] FIG. 3 illustrates an example diagram of calibration of a communication system.
(0009} FIG. 4 illustrates another example diagram of calibration of a communication
system.

(00101 FIG. § tllustrates an exaraple of a calibration circuit.

[0011] FIG. 6 illustrates another example of a calibration circnit.
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[0012] FIG. 7 illustrates an example of a transmission line measurement circuit.

[0013] FIG. § illustrates an example of a controller.

[0014] FIG. 9 illustrates an example of a TDD communication stream.

[0015] FIG. 10 illustrates an example of an amplitude adjustment circuit.

[0016] FIG. 11 tllustrates another example of an amplitude adjustment circuit.

[0017] FIG. 12 illustrates another example of an amplitude adjustment circuit.

[6018] FIG. 13 illustrates another example of an amplitude adjastment circuit.

[6019] FIG. 14 illustrates another example of an amplitude adjustment circuit.

[0020] FIG. 15 illustrates another example of an amplitude adjustment circuit.

[0021] FIG. 16 illustrates an example of a method for communicating at least one of a

transmit signal and a receive signal via a time-division duplex (TDD) antenna systern comprising

an antenna.

DETAILED DESCRIPTION
[0022] This disclosure relates generally to communication systems, and more specifically
to a time-division duplex {TDD) antenna system. A communication system can be implemented
that includes a user communication system and an antenna system. As an example, the
communication system can be implemented as a wireless broadband communication system,
such as using a Long Term Evolution (LTE) communication standard. The antenna system can
be physically cornmunicatively coupled (e.g., via a transmission line cable) to the user
communication system to provide enhanced wireless communication capability for the
communication system, such as to provide wircless extension or capability of the user
communication system fo communicate with a base station (e.g., in a time-division duplex
(TDD) manner). For example, the antenna system can provide wireless communication
capability for the user communication system based on the user communication system being
iocated in a location that prohibits or impedes wireless connection to g base station based on, for
example, intervening physical barriers or extreme range.
[0023] The antenna system includes one or more antenna arrays and an antenna circuit.
The antenna array(s) can be arranged as any of a variety of antenna arrays to provide a respective

one or more wireless signals to be transmitted from and/or received at the antenna system. For

s
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example, the antenna array(s) can include an arrangement of antenna elements {e.g., sirip-line
conductors) to provide signal diversity between two or more respective signal paths, such as
based on polarization diversity (e.g., orthogonal polarizations of two separate signal paths). The
antenna array{(s) can thus each transmit signal(s) and receive signal(s), such as in a TDD manner
based on a defined standard on which the user comrmunication system operates. As described
herein, the antenna circuit can determine cable losses of the interconnection between the antenna
system and the user communication system, such as in a calibration procedure. As a result, the
antenna circuit can be implemented to provide attenuation of transmitted signals (hereinafter
“transmit signals”) provided from the user communication system via the antenna array(s) in a
manner that allows the transmit signals to be transmitted at or below a predetermined effective
isotropic radiated power {EIRP), such as defined by the operating standard of the user
communication system. Additionally, as also described herein, the antenna circuit can be
configured to monitor signal power on the respective communication paths to facilitate the TDD
operation of the communication system without any input {rom the user communication system.
As aresult, the antenna system can be installed to cooperate with the user communication system
in a manner that is substantially agnostic of the interconnection between the antenna system and
the user communication system, and without active communication between the antenna system
and the user communication system.

[0024] FIG. 1 illustrates an example of a communication system 10, The communication
system 10 can be implemented as a wireless broadband communication system, such as using a
Long Term Evolution (LTE) communication standard. In the example of FIG. 1, the
communication system 10 includes a user communication system 12 and an antenna system 14,
As an example, the user communication system 12 can correspond (o a wireless gateway, such as
to facilitate wireless communications {e.g., Wi-Fi, Bluetooth, and/or cellular communication)
between one or more user devices and a wireless network, such as a cellular network or other
wide-arca network (WAN).

[0025] In the example of FIG. 1, the antenna system 14 is communicatively coupled to a
calibration circuit 15 via at least one transmission line cable 16 (e.g., an RG6 cable), such that
the calibration circuit 15 interconnects the user communication system 12 and the antenna

system 14, As an example, the calibration circuit 15 can include at least one bias-tee configured
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to inject a DC voltage onto the transmission line cable(s) 16 that are provided to the antenna
system 14, Alternatively, the user communication syster 12 can provide the DC voltage
injection onto the transmission line cable(s) 16. As a result, the DC voltage can provide input
power to the antenna system 14, as described in greater detail herein.

[0026] As an example, the antenna systern 14 can provide enhanced wireless
communication capability for the user commmunication system 12, such as {o provide wireless
cxtension or capability of the nser communication system 12 to communicate with a base station
(e.g., in a time-division duplex (TDD) manner). For example, the antenna system 14 can provide
wireless communication capability for the user communication systemn 12 based on the user
communication system 12 being located in a location that prohibits or impedes wireless
connection to a base station based on. for example, intervening physical barriers or extreme
range.

10027} The antenna systerm 14 includes one or more antenna arrays 18 and an antenna
circuit 20. The antenna array(s) 18 can be arranged as any of a variety of antenna arrays to
provide a respective one or more wireless signals to be transmitted {rom and/or received at the
antenna system 14. For example, the antenna array(s) 18 can include an arrangement of antenna
clements {(e.g., strip-line conductors) to provide signal diversity between two or more respective
signal paths, such as based on polarization diversity. For cxample, the antenna array(s) 18 can
include two separate arrays of orthogonally polarized antenna elements to provide orthogonal
polarizations of signals propagating in two scparate respective signal paths through the antenna
circuit 20. The antenna array(s) 18 can thus each transmit signal(s) and receive signal(s), such as
bidirectionally in a TDD manner based on a defined standard on which the user communication
systerm 12 operates. In the example of FIG. 1, signals transmitted from and received at the
antenna array{s) 18§ are demonstrated as signals “RF”, and the same signals propagating
bidirectionally along the transmission line cable(s) 16 are demonstrated as signals “TS”.

[0028] The antenna circuit 20 inclodes a transmission line measurement circuit 22 and an
amplitade adjustment circuit 24. The transmission line measurement circuit 22 is configured to
determine a signal loss between the user communication system 12 (e.g., the calibration

circuit 15} and the antenna circuit 14 through the at least one transmission line cable 16. For

example, doring installation of the antenna systern 14 and/or periodically thereafter, the

(91
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transmission line measurement circuit 22 can initiate a calibration operation {e.g., in response to
a calibration command). As an example, during the calibration operation, the transmission line
measurement circuit 22 can be configured to generate a calibration signal, such as a radio
frequency (RF) signal, that can be transmitted to the user communication system 12 from the
antenna system 14 via the transmission line cable(s) 16, such that the calibration signal can be
retransmitied back to the antenna system 14 from the user communication system 12 via the
transmission line cable(s) 16. As a result, the transmission line measurement circuit 22 can
measure af least one characteristic of the return signal (e.g., power) to determine signal loss
exhibited by the transmission line cable(s) 16.

160241 In response to determining the signal loss, the amplitude adjustment circuit 24 can
be configured to adjust an amplitude of at least one of transmit signals transmitted from the
antenna system 14 and receive signals received at the antenna system 14 based on the determined
signal loss. As described herein, the term “transmit signals” refers to signals that are originated
at the user communication system 12, propagate through the transmission line cable(s) 16 as a
signal TS, and are transmitied from the antenna system 14 via the antenna array(s} 18 as a signal
RF. Similarly, the term “receive signals” refers to signals that are received at the antenna

system 14 via the antenna array(s) 18 as a signal RF, propagate through the transmission line
cable(s) 16 as a signal TS, and are provided to the user communication system 12. The
amplitude adjustroent circuit 24 can therefore adjust the amplitude of the transmit and receive
signals in scparate respective signal paths in the antenna circuit 20 based on the signal loss
determined during the calibration operation.

(00301 For example, the communication system 1{ can be configured to operate based on
a predetermined communication standard that can dictate a predetermined maximum cffective
isotropic radiated power {EIRP), such as +23 dBwm for the transmit signals. As an example, the
amplitude adjustment circuit 24 can include one or more variable circuit elements (VCEs) to
amplify or atienuate the transmit signals (e.g., down to less than the predetermined maximum
EIRP) and/or the receive signals {¢.g., down to less than a maximum saturation power associated
with the antenna circuit 14 and/or the user communication system 12). For example, the antenna
array{s) 18 can be designed with sufficient gain, or the antenna circuit 20 can be sufficiently high

to provide the transmit signals at a power level that is greater than the predetermined maximum
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EIRP (e.g., to overcome power fosses of the transmission lne cable(s) 16 regardless of the length
of the transmission line cable(s) 16), such that the transmit signals can be attenuated down to
approximately the predetermined maxirourn EIRP. Therefore, the antenna systern 14 can be
installed in a manner that is substantially agnostic of the length and/or loss characteristics of the
transmission line cable(s) 16 based on the calibration operation to determine the signal loss of
the transmission line cable(s) 16.

[0031] In the example of FIG. 1, the antenna circuit 20 also includes a transmit detection
circuit 26 and a controller 28, As described previously, the communication system 10 can
operate based on a TDD communication standard, such that the transmit signals and the receive
signals can be interleaved with cach other on a given signal path between the user
communication system 12 and the antenna array(s) 18. The transmit detection circuit 26 can be
configured to roeasure power on a given signal path in the antenna circuit 20 to determine if user
communication system 12 is transmitting a transmit signal. Therefore, in response o
determining if the user communication system 12 is transmitting a transroit signal, the

confroller 28 can switch the adjustment circuit 24 from a receive mode (e.g., as a default mode)
to a transmit mode to facilitate transmission of the transmit signal from the antenna system 14
via the antenna array(s) 18. Additionally, in response to the transmit detection circuif 26
detecting a decrease in the power of the signal path (e.g., less than the predetermined threshold),
the controller 28 can switch the adjustment circuit 24 back to the receive mode from the transmit
mode {(e.g., upon expiration of a timer).

(00321 In response to the transmit detection circuit 26 determining that the user
communication system 12 is transmitting a transmit signal, such as based on the power on the
signal path being greater than a predetermined threshold, the controller 28 can provide a signal to
the amplitude adjustment circnit 24 to switch the signal path from a receive mode to a transmit
mode. Therefore, the amplitade adjustment circuit 24 can provide the appropriate amplitude
adjustment to the transmit signal (e.g., via a VCE) to {acilitate transmission of the transmit signal
from the antenna systermn 14 via the antenna array(s) 18. As an example, the amplitude
adjustment circuit 24 can include power aroplifier and/or a filter in each of the transmit and
receive swiichable portions of the signal path, and/or can include a short-circuit bypass path in

one of the transmit and receive signal paths.
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[0033] As a result, the antenna system 14 can operate to facilitate the bidirectional TDD
communications between transmit and receive signals without requiring communication or signal
transfer from the user comumunication system 12. Therefore, the antenna system 14 can be
installed in a simplistic manner that is largely independent of the operation of the user
communication system 12. Additionally, as previously described, the antenna systern 14 can bhe
instalied in a manner that is agoostic of the length of the transmission line cable(s) 16
interconnecting the antenna systerm 14 and the user cornmunication system 12, Accordingly, and
as described in greater detail herein, the antenna system 14 can be simplistically installed to
efficiently facilitate wireless communication between the user communication system 12 and a
network hub (e.g., a base station).

[0034] FIG. 2 illustrates an example of an antenna system 50. The antenna system 50
can correspond (o the antenna system 14 in the example of FIG. 1. Therefore, reference is to be
made to the example of FIG. 1 in the following description of the example of FIG. 2.

[0035] The antenna system 50 includes an antenna circuit 52 that is demonstrated in the
example of FIG. 2 as including a first signal path 54 and a second signal path 56 that can each
correspond to a separate signal diversity type, as described in greater detail herein. The antenna
system 50 also includes a first antenna array 58 and a second antenna array 60 that can cach be
associated with the respective signal diversity types. The antenna arrays 58 and 60 can be
arranged as any of a variety of antenna arrays to provide a respective one or more wireless
signals to be transmitted from and/or received at the antenna system 50, demonstrated as
respective signals RF; and RF:z. For example, the antenna arrays 58 and 60 can include an
arrangement of antenna elements {e.g., strip-line conductors) to provide the signal diversity
between the two respective signal paths, such as based on polarization diversity. As an example,
the antenna arrays 58 and 60 can be configured as separate respective arrays of orthogonally
polarized antenna elements to provide orthogonal polarizations of signals propagating in the
respective signal paths. The antenna arrays 58 and 60 can thus each transmoit and receive signals
a TDD manner based on a defined standard on which the user communication system (not shown
in the example of FIG. 2) operates.

[0036] Additionally, the antenna system 50 is communicatively coupled to the user

communication system {e.g., the user communication system 12} via a first transmission line
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cable 62 configured to propagate a signal TS, between the user communication system and the
antenna circuit 52 and a second transmission line cable 64 configured to propagate a signal TS»
between the user communication system and the antenna circuit 52, For exarple, the
transmission line cables 62 and 64 can be connected to a calibration circuit {(e.g., the calibration
circuit 15} that is coupled to the user communication system. The transmission line cables 62
and 64 can each be associated with the respective signal diversity types, and thus the respective
signal paths of the antenna circuit 32. For example, the transmission linc cables 62 and 64 can
be configured as RGO cables or other types of transmission line cables. In the example of

FIG. 2, the antenna circuit 52 includes an extraction circuit 66 that can be configured as a DC
decoupler {e.g., a bias-tee) that is coupled to the transmission line cables 62 and 64 to extract a
DC voltage, demonstrated as a voltage Vpc, that is provided, such as from the calibration

circuit 15, to power the electronics of the antenna circuit 52. Therefore, the antenna system 30
does not require a local power source, such that the antenna system 50 can be installed in a more
flexible manner.

[0037] The antenna circuit 52 also includes a transmission line measwrement circuit 68,
The transmission line measurement circuit 68 is configured to determine a signal loss between
the user communication system and the antenna circuit 50 through the transmission line

cables 62 and 64. For example, during installation of the antenna system 50 and/or periodically
thereafter, the transmission line measurement circuit 68 can initiate a calibration operation in
response to a calibration command CAL. As an example, the calibration command CAL can be
provided in response to a user input, such as via a physical input on the antenua system 50 or the
calibration system 15 (e.g., a physical button or a button on a touchscreen), in response to power-
up of the antenna system 50 (c.g., automatically in response to initially receiving the voltage
Vne), periodically from a processor or controller device (e.g., at periodic or programmable
intervals}), or from any of a variety of other means.

[0038] In the example of FIG. 2, the transmission line measurement circuit 68 includes a
calibration signal generator 70, a signal monitor 72, and a memory 74. The transmission line
measurement circuit 68 1s communicatively coupled to the first transroission line cable 62 (via
the extraction circuit 66) through a first switch SW1 and to the second transmission line cable 64

{via the extraction circuit 66) through a second switch SWa. In the example of FIG. 2, the
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switches SWy and SW1 are demonstrated as being set to a normal operating mode state, and are
controlled via the calibration command CAL. Therefore, in the normal operating mode, as in the
state demonstrated in the example of FIG. 2, the switch SWy connects the first signal path 534 to
the first transmission iine cable 62 and the switch SW2 connects the second signal path 54 to the
second transmission line cable 64 to facilitate propagation of the transmit and receive signals
between the user communication system and the antenna arrays 58 and 56 via the respective
signal paths 54 and 56 and the respective transmission line cables 62 and 64. However, ina
calibration mode, such as initiated by the calibration command CAL, the switches SW1 and SW»
can be switched to coupling the transmission line measurement circuit 68 to the first transmission
line cable 62 via the first switch 8Wy and to the second transmission line cable 64 via the second
switch SW2 to facilitate the calibration operation.

[6039] During the calibration operation, the calibration signal generator 70 can be
configured to generate a calibration signal, such as a dumimy RF signal having a predefined
frequency. In the example of FIG. 2, the calibration signal 1s demonstrated as a first calibration
signal CSy and a second calibration signal CS» corresponding, respectively, to the first and
second transmission line cables 62 and 64. The transmission line measurcment circuit 68 can
thus transmit one or both of the calibration signals CS1 and CS; to the user communication
system via the respective one of the transmission line cables 62 and 64.

[0040] The user communication system can be configured to retransmit the calibration
signal(s} C8: and/or CS2 back to the antenna system 50 from the user communication system as
respective return signal(s) via the transmission line cables 62 and 64 during the calibration
procedure. In response to receiving the return signal{s), the signal monitor 72 can be configured
to measure at least one characteristic of the return signal(s) to determine signal loss exhibited by
the transmission line cables 62 and 64. For example, the characteristic of the return signal can be
power, such that the signal monitor 72 can calculate a power ratio between one of the calibration
signals C5y and C5: and the respective return signal. Accordingly, the signal monitor 72 can
determine the signal loss exhibited by the transmission line cable(s} 62 and 64 based on the
power ratio between the calibration signal(s) C3; and C37 and the respective return signal.
Additionally, other types of characteristics can be monitored instead of or in addition to power,

such as delay time, to determine the signal loss exhibited by the transmission line cable(s) 62

10
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and 64. The transmission line measarement circuit 68 can then store the determined signal loss
in the memory 74. For example, the memory 74 can store signal loss information for both of the
transmission line cables 62 and 64 individually or 1n combination, and can store the signal loss
information for each calibration operation or for the most recent calibration operation. As an
example, the memory 74 can be configured as a non-volatile mernory, such that the memory 74
can retain the calculated signal loss information during power loss of the antenna system 50. As
a result, the calculated signal loss can be retrieved from the memory 74 after power is returned to
the antenna system 50 to facilitate operation of the antenna system 50 without the need for a
calibration operation.

100411 FIGS. 3 and 4 illustrate example diagrams 160 and 150, respectively, of
calibration of a communication system. In the example of FIG. 3, the communication system
mcludes a calibration circnit 102 and an antenna systern 104 that are communicatively coapled
by a first transmission line cable 106 and a second transmission line cable 108. In the example
of FIG. 4, the communication system includes a calibration circuit 152 and an antenna

system 154 that are communicatively conpled by a first transmission line cable 156 and a second
transmission line cable 158, The calibration circuits in the examples of FIGS. 3 and 4 can cach
correspond 1o the calibration circuit 15 in the example of FIG. 1. As an example, the calibration
circuits 102 and 152 can correspond to the calibration circuit 15, the antenna systems 104

and 154 can correspound to the antenna systems 14 and/or 50, and the transmission luoe

cables 106 and 108 and the transmission line cables 156 and 158 can correspond to the
transmiission line cable(s) 16 an/or the transmission line cables 62 and 64. Therefore, reference
is to be made to the examples of FIGS. 1 and 2 in the following description of the examples of
FIGS. 3and 4.

[0042] In the diagram 100, the antenna circuit 104 includes a transmission line
measurement circuit 110, During the calibration operation, the transmission line measurement
circuit 110 can be configured {e.g., via the calibration signal generator 70) to generate a first
calibration signal CS) that is transmitted by the transmission line measurement circuit 110 along
the first fransmission line cable 106, The calibration circuit 102 can be configured to retransroit
{(e.g., reflect) the calibration signal CS1 back to the antenna system 104 as a respective return

signal RTN; via the first transmission line cable 106. Therefore, in the diagram 100, the first

11
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transmission line 106 is configured to propagate both the calibration signal CS1 and the reflected
retarn signal RTNy. In response to receiving the return signal RTNy, the transmission line
measurement circuit 110 can be configured (e.g., via the signal monitor 72) to measure the at
least one characteristic of the reflected return signal RTN; to determine the signal loss exhibited
by the first transmission Hue cable 106. For example, the characteristic of the reflected return
signal R'TN; can be power, such that the transmission line measurement circuit 110 can calculate
a power ratio between the calibration signal CS1 and the respective reflected return signal RTN:
to determine the signal loss exhibited by the first transimission line cable 106.

(0043} Similarly, the transmission line measurement circuit 110 can repeat the previously
described calibration procedure with respect to the second transmission line cable 108, For
example, the transmission line measurement circuit 110 can also be configured to generate a
second calibration signal C352 that is transmitted by the transmission line measurement

circuit 110 along the second transmission line cable 108. The calibration circuit 102 can be
configured to retransmit {e.g., reflect) the calibration signal CS; back to the antenna system 104
as a respective return signal RTN; via the second transmission line cable 108. In response to
receiving the reflected return signal RTNo, the transmission line measurement circuit 110 can be
configured {e.g., via the signal monitor 72} to measure the at least one characteristic of the
reflected return signal RTN: to determine the signal loss exhibited by the second transmission
line cable 108, similar to as described previously with respect to the first transmission line

cable 1006.

[0044] In the diagram 150, the antenna circuit 154 includes a transmission line
measurement cirenit 160. During the calibration operation, the transmission line measurement
circuit 160 can be configured (e.g., via the calibration signal generator 70) to generate a first
caltbration signal CS that is tranamitted by the transmission line measurement circuit 160 along
the first transmission line cable 156. The calibration circuit 152 can be configured to retransmit
the calibration sigonal CSy back to the antenna system 154 as a respective return signal RTNy via
the second transmission line cable 158, Therefore, in the diagram 150, the first transmission
line 156 is configured to propagate the calibration signal CSy and the second fransmission line
cable 158 is configured to propagate the return signal RTN,. In response to receiving the return

signal RTNy, the transmission line measurement circoit 160 can be configured {e.g., via the
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signal monitor 72) to measure the at least one characteristic of the return signal RTNy to
determine the signal loss exhibited by the first and second transniission line cables 156 and 158,
For exarmple, the characteristic of the return signal RTNy can be power, such that the
transmission line measurement circuit 160 can calculate a power ratio between the calibration
signal C81 and the respective retorn signal RTNy to deterrnine the signal loss exhibited by the
first and second transmission line cables 156 and 158. As an example, the transmission line
measurement circuit 160 can either conclude the calibration operation, or can repeat the
previously described calibration procedure with respect to switching the first and second
transmission line cables 156 and 158 with respect to transmission of the calibration signal CS
and receipt of the return signal RTN.

[0045] FIG. 5 illustrates an example of a calibration circuit 200. The calibration

circuit 200 can correspond to the calibration circuit 15 of the example of FIG. 1. Therefore,
reference is to be made to the example of FIG. 1 in the following description of the example of
FIG. 5. The calibration circuit 200 is configured to connect to the user communication system
(e.g., the user communication system 12) to provide DC power to the antenna system 50. For
example, the DC power can be a DC bias voltage that is provided on the transmission line
cables 62 and 64, such that the extraction circuit 66 extracts the voltage Vpc to provide power to
the electronic components of the antenna system 50.

[0046] The calibration circuit 200 includes a power block 202 that is configured (o
generate or receive the DC voltage Ve (e.g.. approximately 3.3 volts). For example, the power
block 202 can be configured as a low-dropout (LDO) voltage regulator, such as to generate the
DC voltage Ve from a higher input voltage (e.g.. approximately 5 volts). The power block 202
provides the DC voltage Vpc to a first injection circuit 204 and a second injection circuit 206.
For example, the injection circuits 204 and 206 can be configured as bias-tees. The ingection
circuits 204 and 206 are each coupled to the transmission line cables 62 and 64 on which the
transmit and receive signals TSy and TSy, respectively, are propagated. Therefore, the injection
circuits 204 and 206 are configured to provide the DC voltage Ve onto the transmission line
cables 62 and 64.

(00477 The calibration circuit 200 includes a first signal port 208 and a second signal

port 210 that are coupled to the user communication system 12. The first signal port 208 is
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configured to propagate the transmit and receive signals TSy and the second signal port 210 is
configured to propagate the transmit and receive signals TSz, The first signal port 208 is coupled
to the first transmission line cable 62 via a first switch SW3 and the second signal port 210 is
coupled to the second transmission line cable 64 via a second switch SWy. In the example of
FIG. 5, the switches SW3 and SW4 are demonstrated as being set to a normal operating mode
state, and are conirolled via the calibration command CAL. For example, the calibration
command CAL can correspond to the same calibration command CAL described in the example
of FIG. 2, or can be a different calibration command (e.g., {acilitated by a user) that is to be
provided during the calibration operation.

10048} Therefore, in the normal operating mode, as in the state demonstrated in the
example of FI(5. 5, the switch SW3 connects the first signal port 208 to the first transmission line
cable 62 and the switch SWy4 connects the second signal port 210 to the second transmission line
cable 64 to facilitate propagation of the transmit and receive signals between the user
communication system and the antenna systern 50 via the respective transmission line cables 62
and 64. However, in the calibration mode, such as initiated by the calibration command CAL,
the switches SWs and SW4 can be switched to provide a short circuit between the transmission
line cables 62 and 64. As a result, the calibration signal CSq, such as provided in the example of
FIG. 4, can be provided from the first transmission line cable 62 and can be retransmitted back to
the antenna systern 50 as the return signal RTN; along the second transmission hine cable 64.
Therefore, with minimal input, the calibration circuit 200 can be implemented in the calibration
operation to deterroine the signal loss of the transmission Hoe cables 62 and 64.

[0049] FIG. 6 illustrates an example of a calibration circuit 230. The calibration

circuit 230 can correspond to the calibration circuit 15 of the example of FIG. 1. Thercfore,
reference 15 to be made to the example of FIG. 1 in the following description of the example of
FIG. 6. The calibration circuit 230 is configured to connect to the user communication system
{e.g., the user communication system 12) to provide DC power to the antenna system 50. For
example, the DC power can be a DC bias voltage that is provided on the transmission line

cables 62 and 64, such that the extraction circnit 66 extracts the voltage Ve to provide power to

the electronic components of the antenna systenm 50.
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[0050] The calibration circuit 230 includes a power block 232 that is configured (o
generate or receive the DC voltage Ve (e.g.. approximately 3.3 volts). For example, the power
block 232 can be configured as an LDO voltage regulator, such as to generate the DC voltage
Vpc from a higher input voltage {¢.g., approximately 5 volts). The power block 232 provides the
DC voltage Vo to a first injection circuit 234 and a second injection circait 236. For example,
the injection circuifs 234 and 236 can be configured as bias-tees. The injection circuits 234

and 236 are each coupled to the transmission line cables 62 and 64 on which the transmit and
receive signals TSy and T52, respectively, are propagated. Therefore, the injection circuits 234
and 236 arc configured to provide the DC voltage Vpe onto the transmission line cables 62

and 64.

[0051] The calibration circuit 230 includes a first signal port 238 and a second signal
port 240 that are coupled to the user communication system 12, The first signal port 238 is
coufigured to propagate the transmit and receive signals TS and the second signal port 240 is
configured to propagate the transmit and receive signals TSz, The first signal port 238 is coupled
to the first transmission line cable 62 via a first switch SW3 and the second signal port 240 is
coupled to the second transmission line cable 64 via a second switch SW4. In the example of
FIG. 6, the switches SW3 and SW4 are demonstrated as being set to a normal operating mode
state, and are controlied via the calibration command CAL. For example, the calibration
command CAL can correspond to the same calibration command CAL described in the example
of FIG. 2, or can be a different calibration command (e.g.. facilitated by a user) that is to be
provided during the calibration operation.

100521 Therefore, in the normal operating mode, as in the state demonstrated in the
example of FIG. 6, the switch SW3 connects the first signal port 238 to the first transmission line
cable 62 and the switch SW4 connects the second signal port 240 to the second transmission fine
cable 64 to facilitate propagation of the transmit and receive signals between the user
cornmunication system and the antenna system 50 via the respective transmission line cables 62
and 64. However, in the calibration mode, such as initiated by the calibration command CAL,
the switches SW3 and SWa can be switched to couple each of the transmission line cables 62

and 64 to ground. As a result, the calibration signal Sy, such as provided in the example of

FIG. 3, can be provided from the first transmission line cable 62 and can be reflected back to the
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antenna system 50 as the return signal RTN; along the first transmission line cable 62. Similarly,
the calibration signal CS;, such as provided in the example of FIG. 3. can be provided from the
second transmission Iine cable 64 and can be reflected back to the antenna system 50 as the
return signal RTN: along the second transmission line cable 64. Therefore, with minimal input,
the calibration circuit 230 can be implemented in the calibration operation to determine the
signal loss of the transmission line cables 62 and 64.

[0053] FIG. 7 illustrates an example of a transmission line measurement circuit 250. The
transmission line measurement circnit 250 can correspond to the transmission line measurement
circuit 68 in the example of FIG. 2. Therefore, reference is to be made to the examples of

FIGS. 2-6 in the following description of the example of FIG. 7.

[0054] As described previously, the transmission line measurement circuit 250 is
configured to determine a signal loss between the user communication systera and the antenna
cireunit 50 through the transmission line cables 62 and 64. In the example of FIG. 7, the
transmission line measurement circuit 250 includes a calibration signal generator 252 and a
signal monitor 254. The calibration signal generator 252 includes an RF signal source 256 that is
configured to generate a calibration signal that can correspond to the first calibration signal CS1.
As an example, the first calibration signal C51 can correspond to a dummy RF signal (e.g., a
sinusoidal signal) having a predefined frequency. In the example of FIG. 7, the calibration signal
generator 252 includes a resistive network 258 that includes a first vesistor Ry and a second
resistor Rz that are each connected to the RF signal source 256 and to a third resistor Rs opposite
the RF signal source 256 and interconnecting the first and second resistors Ry and Ry, The
resistive network 238 can thus provide a divided version of the first calibration signal €Sy that
can be provided to the first transmission line cable 62 (e.g., via the switch SW1) in the calibration
mode. The transmission line measurement circuit 250 can thus transmit the calibration signal
(81 to the user communication system 12 via the transmission line cable 62.

[0055] As described previously, the user corumunication sysiem 12 can be configured (o
retransmit the calibration signal CSy back to the antenna system 50 from the user communication
system 12 as respective return signal RTNy on the transmission line cable 64, such as described
in the example of FIG. 4 during the calibration procedure. In the example of FIG. 7, the return

signal RTN is provided to the signal monitor 254 via a diode D1. The signal monitor 254 is also
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configured to receive a divided version of the first calibration signal CSy, demonstrated as a
signal CS1p, via a diode D2, Therefore, as an example, the signal monitor 254 can be configured
to measure a power of each of the return signal RTN; and the signal CSip. As aresult, the signal
monitor 254 can calculate a power ratio between the return signal RTN; and the signal CSip.
Accordingly, the signal monitor 254 can determine the signal loss exhibited by the transmission
line cables 62 and 64 based on the power ratio between the return signal RTN1 and the signal
CSip. The power monitor 254 can thus provide the calculated signal loss, demonstrated as a
signal PWR_LS, to the memory 74.

[0056] While the fransmission line measurement circuit 250 is configured to provide the
calibration operation demoustrated in the example of FIG. 4, it is to be anderstood that the
transmission line measurement circuit 250 is not limited to the example of FIG. 7. For example,
the transmission line measurerment circoit 230 can be arranged in a manner to facilitate the
calibration signal C8; and the retarn signal RTN; or the calibration signal CS» and the return
signal RTN: to be propagated along a given one of the transmission line cables 62 and 64, such
as described in the example of FIG. 3.

[0057] Referring back to the example of FIG. 2, the antenna circuit 52 also includes a
controller 76. In response to the delermining the signal loss, the transmission Hoe measurement
circuit 68 can provide the determined signal loss, demonstrated in the example of FIG. 2 as
“SM”, to the controller 76 (e.g., {rom the memory). In response to the determined signal loss
SM, the controller 76 can be configured to adjust an amplitude of at least one of the transmit
signals transmitied from the antenna systern 50 and the receive signals received at the antenna
system 50 based on the determined signal loss. As an example, the controller 76 can include a
processor that is configured to determine the appropriate adjustments to the amplitude of cach of
the respective transmif and receive signals based on the determined signal loss SM. While the
controller 76 is described as including a processor, the term “processor” can be used to describe
other types of processing devices, such as a field-programmable gate array (FPGA), an
application specific integrated circnit (ASIC), or other type of processing device.

[0058] In the example of FIG. 2, the antenna circuit 52 includes a first amplitude
adjustment circuit 78 that is provided in the first signal path 54 and a second amplitude

adjustment circuit 80 that is provided in the second signal path 56. As an example, the amplitude
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adjustment circuits 78 and 80 can each include at feast one variable circuit element (VCE) in the
respective signal paths 54 and 56. For example, the VCEs can be configured as variable
atienators, variable gain amplifiers, and/or fixed gain armplifiers. In the exarople of FIG. 2, the
controlier 76 is configured to provide control signals, demonstrated as “A'T” and “AT.”,
respectively, to the amplitede adjustroent circuits 78 and 80 based on the determined signal loss
SM, as well as based on whether the signal paths 54 and/or 56 are in the transmit mode or the
receive mode.

[0059] For example, the communication systern 10 can be configured to operate based on
a predetermined communication standard that can dictate a predetermined maximuom cffective
isotropic radiated power (EIRP), such as +23 dBm for the transmit signals. Therefore, the
controller 76 provides the control signals AT and AT to the respective amplitude adjustment
circuits 78 and 80 in the transmit mode to attenuate the transmit signals down to less than the
predetermined maximum EIRP. For example, the antenna arrays 58 and 60 can be designed with
sufficiently high gain to provide the transmit signals at a power level that is greater than the
predetermined maximum EIRP to overcome power losses of the transmission line cables 62

and 64 regardless of the length of the transmission line cables 62 and 64, such that the transmat
signals can be attenuated down 1o approximately the predetermined maxinum EIRP.
Additionally or alternatively, the signal paths 54 and 56 can include sufficient power
amplification in the transmit mode, as described in greater detail herein, to overcome power
losses of the transmission line cables 62 and 64 regardless of the length of the transmission line
cables 62 and 64, such that the transruit signals can be atienuated down {o approxirnately the
predetermined maximum EIRP. Similarly, the controller 76 provides the control signals ATy and
AT, to the respective amplitude adjustment circuits 78 and 80 in the receive mode to attenuate
the receive signals down to less than an acceptable operational level {e.g., 2 maximum saturation
power associated with the antenna circuit 50 and/or the user communication system 12).
Thereflore, the antenna system 50 can be installed in a manner that is substantially agnostic of the
length and/or loss characteristics of the transmission line cables 62 and 64 based on the
calibration operation to determine the signal loss of the transroission line cables 62 and 64,
[0060] As described previously, the communication system 10 can operate based on a

TDD communication standard, such that the transmit signals and the receive signals can be
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interleaved with each other on a given sigoal path between the user conmununication system 12
and the antenna arrays 38 and 60. In addition, as described previously, the signal paths 54

and 56 of the antenna circuit 52 can operate in either a transmit mode or a receive mode
corresponding to transmission of the transmit signals or receipt of the receive signals in the TDD
manner along the respective signal paths 54 and 56. In the example of FIG. 2, the antenna
circuit 52 also includes a first transmit detection circuit 90 associated with the first signal path 54
and a second transmit detection circnit 92 associated with the second signal path 56. The
transmit detection circuits 90 and 92 can be configured to measure power on the respective
signal paths 54 and 56 to determine if the user communication system 12 is fransmitting a
fransmif signal.

[0061] For example, the transmit detection circuits 90 and 92 can each include a bi-
directional coupler with a terminated load to determine if the power on the respective one of the
signal paths 54 and 56 is greater than a predetermined threshold to determine if the user
communication system 12 is fransmitting a transmit signal. In the example of FIG. 2, the
transmit detection cirenits 90 and 92 are configured to generate mode signals TX 1 and TX, that
arc provided to the controller 76, such as to indicate that the respective one of the signal paths 54
and 56 is in the transmit mode. Therefore, in response to the transmit detection circuits 96

and 92 determining if the user communication system 12 is transmitting a transmit signal, the
coniroller 76 can switch the respective signal paths 54 and 56 [ror the receive mode as a default
mode to a transmit mode to facilitate transmission of the transmit signal from the antenna
system 50 via the antenna arrays 58 and 60. Similarly, in response to the transmit detection
circuits 90 and 92 detecting a decrease in the power of the signal path (e.g., ess than the
predetermined threshold), the controller 76 can switch the respective signal paths 54 and 56 back
to the receive mode from the transmit mode (e.g., upon expiration of a timer).

[06062] As described previously, the controller 76 can be configured to adjust the
respective control signal(s) AT and AT based on the indication of the transmit mode or the
receive mode of the respective one of the signal paths 54 and 56, such as based on the respective
mode signals TXy and TX;. Therefore, the amplitude of the transmit and receive signals can be
adjusted (e.g., attenuated) based on whether the respective signai path 54 or 56 is in the transmit

mode or the receive mode. As another example, as described previously, the amplitude
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adjustment circuits 78 and 80 can switch between a transmit mode signal path and a receive
mode signal path for cach of the amplitude adjustment circuits 78 and 80 via switches.
Therefore, the controller 76 can also include a switch controller 94 that is configured to control
the switches of the amplitude adjustment circuits 78 and 80.

[0063] As an cxample, the switch controller 94 can be configured to generate mode
signals MDDy and MD:, respectively, to control the mode of the respective one of the signal
paths 54 and 56. For example, the amplitude adjustment circuit 78 can be controlled by the first
switching signal MDy and the amplitude adjustment circuit 80 can be controlled by the second
switching signal MDa. In response to one of the transmit detection circuits 90 and 92
determining that the user communication system 12 is transmitting a transmit sigoal along the
respective one of the signal paths 54 and 56, the respective one of the transmit detection

circuits 90 and 92 coramands the controller 76 (e.g.. via the mode signals TX1 and TX2) to
provide the respective one of the switching signals MD: and MD» to the respective one of the
amplitude adjustroent circuits 78 and 80. In response to the respective one of the switching
signals MDDy and MD:, the respective amplitude adjustment circuit 78 and 80 can activaie at least
one switch to switch the respective amplitude adjustment circuit 78 or 80 from the default
receive mode to the transmit mode to facilitate transmission of the transmit signal ajong the
respective signal path 54 and 56 and from the respective antenna array 58 and 60.

[0064] FIG. 8 illustrates an example of a controller 300, The controller 300 can
correspond to the controller 76 in the example of FIG. 2. Therefore, reference is to be made to
the example of FIG. 2 in the following description of the exaruple of FIG. 8.

[0065] The controller 300 includes a processor 302. For example, the processor 302 can
communicate with or include the amplitude adjustment circuits 78 and 80. In the example of
FIG. 8. the processor 302 receives the signal SM corresponding to the signal loss of the
transmission line cables 62 and 64. Therefore, the processor 302 can be confignred to calculate
the appropriate arnount of aroplification {e.g., attenuation) to provide to the amplitude adjustruent
circuits 78 and 80, such as to provide the appropriate attenuation to the signal paths 54 and/or 56
based on the respective mode (e.g., transmit mode or receive mode). In the exarople of FIG. 7,

the processor 302 is demonstrated as generating the control signals AT, and AT; that are
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provided to the amplitude adjustment circuits 78 and 80, such as to provide the appropriate
attenuation fo the signal paths 54 and/or 56 based on the respective mode.

[6066] As described previously, the controller 76 in the example of FIG. 2 can inclade
the switching controiler 94 to control the switches of the amplitude adjustment circuits 78

and 80. In the example of FIG. 8, the controller 300 can include a switching controller 304 that
can provide a switching signal MD {or one of the amplitude adjostment circuits 78 and 80.
Therefore, it is to be understood that the controller 300 can include a switching controller 304 for
each of the signal paths 54 and 56. The switching controlier 304 includes a first comparator 306
and a second comparator 308, The first comparator 306 is configured to compare a voltage Vrx
corresponding to an approximate power of the receive signals with a threshold voltage Vax_ra.
Similarly, the second comparator 308 is configured to compare a voltage V1x corresponding to
an approximate power of the transmit signals with a threshold voltage Vo ra. As an example,
the voltages Vrx and V1x can correspond to the same voltage {¢.g.. corresponding to the signal
power on a given one of the signal paths 54 and 56, as measured by the transmit detection
systemi{s} 90 and 92. Therefore, the comparators 306 and 308 can be configured to provide an
asserted output corresponding to the mode of the respective signal path 54 or 56.

[0067] The switching controller 304 includes a first sequence of D laiches (e.g.,
flip-flops). demonstrated as 310, 312, and 314. The first D latch 310 receives the output of the
first comparator 306 as an input, with the D latches 310, 312, and 314 being configured in a
cascaded arrangement from output to input. Hach of the D latches 310, 312, and 314 receives a
clock signal CLK from an oscillator 316. The output of the second D latch 312 and the third D
latch 314 are provided as inputs to an AND-gate 318, with the input received from the third D
latch 314 being inverted. In a similar arrangement, the switching controller also includes a
second sequence of D latches, demonstrated as 320, 322, and 324. The first D latch 320 receives
the output of the second comparator 308 as an input, with the D latches 320, 322, and 324 being
configured in a cascaded arrangernent from output to joput. Each of the D latches 320, 322,

and 324 likewise receives the clock signal CLK. The output of the second D latch 322 and the
third D latch 324 are provided as inputs to an AND-gate 326, with the ioput recetved from the

third D latch 324 being inverted.
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[0068] The output of the AND-gate 318 is provided as a set input to an SR laich 328, and
the cutput of the AND-gate 326 is provided as a reset input to the SR latch 328. The SR

latch 328 likewise the clock signal CLK, and is configured to generate the respective switching
signal MD (e.g.. one of the switching signais MD; and MD2). Therefore, the SR latch 328 is
configared to rapidly change the state of the switching signal MD in response to a change 1n
amplitude of the voltages Vrx and/or Vex. For example, in response to a change of the
amplitude of the voltages Vrx and/or Vry, the logic sequence of the D latches 310, 312, 314,
320, 322, and 324, the AND-gates 318 and 326, and the SR latch 328 can be configured to
change the state of the switching signal MD in a time of approximately 10 microseconds or less,
such as to satisfy the TDD communication standard.

[06069] The processor 302 can be configured to receive a plurality of inputs associated
with the switching logic of the switching controller 304. In the example of FIG. 8, the

processor 302 receives as inputs the ouiput of the D latches 314 and 324, as well as the outputs
of the AND-gates 318 and 326. For example, the processor 302 can be configured as a state
machine to monitor the state of the signal path (e.g., the signal path 54 or 56), such that the
inputs to the inputs to the processor 302 are configured to set flags and/or registers for operation
of the antenna circuit 52. As another example, the oscillator 316 can be included in the
processor 302, such that the processor 302 generates the clock signal CLK. Additionally, the
processor 302 is demonstrated as generating the predetermined threshold voltages Vx 1o and
Vroota, which can be programmable via input to the processor 302, or can have fixed voltage
amplitudes.

1060701 in the example of FIG. 8, the processor 302 includes timers 330 {e.g., one for each
of the signal paths 54 and 56). As an example, the timers 330 can correspond to watchdog timers
for controlling timing associated with the mode selection of the respective signal paths 54

and 56. For example, in response to the inputs provided to the processor 302 indicating that the
mode 15 set for transmit mode for a given one of the signal path(s) 54 and 56, but the transmit
power is less than the predetermine threshold (e.g., the voltage Vx is less than the
predetermined threshold Vi 1n), the respective timer 330 can begin counting a predetermined
timing threshold. As an example, in response to the respective timer 330 counting fora

predetermined time duration {e.g.. approximately one millisecond), the processor 302 can switch
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back to a defanlt receive mode {or the given signal path 54 or 56, such as to change the
amplitude of the respective one of the control signals AT and ATy, Additionally, the

processor 302 can assert an output to the SR latch 328 (e.g., to a “clear” input of the SR

latch 328). Therefore, the SR latch 328 can reset to change the state of the switching signal MD
to indicate switching the mode from the transmit mode back to the receive mode. As aresult, the
signal path{s} 54 and/or 56 can be returned to the default receive mode in response to the timed
indication of no more transmit signals being transmitted from the user communication system 12.
10071} In order to satisfy a given TDE communication standard, the confro} signals AT
and ATz and the amplitude adjustment circuits 78 and 80 may be required to switch between the
transmit mode and the receive mode as quickly as possible. FIG. 9 illustrates an example
diagram 350 of 2 TDD communication stream. The TDD communication stream includes a first
set of receive signal sub-frames, demonstrated at 352, a first set of transmit signal sub-frames,
demonstrated at 354, and a second set of receive mode sub-frames 356. As an example, the TDD
communication stream can continue thereafter with alternating sets of transmit signal sub-frames
and receive signa sub-frames in a TDD manper. The transmit and receive signal sub-frames are
demonstrated in the example of FIG. 9 as being demonstrated as a function of time. While cach
of the transmit and receive signal sub-frames are demonstrated as being approximately equal in
time, it is to be understood that the transmit and receive signal sub-frames are not necessarily
equal in length of time, and that the elements of the time domain demonstrated in the example of
FIG. 9 are not necessarily illustrated to scale.

[0072] In the example of FIG. 9, between each of the sets of receive signal sub-frames
(e.g., the receive signal sub-frames 352} and transmit signal sub-frames {e.g., the transmit signal
sub-frames 354) is a time Tvr. The time Ty can, for cxample, correspond to a substantial
maximum infermediate time between propagation of the receive signal sub-frames and the
transmit signal sub-frames on a given signal path, such as between the user communication
system 12, along a transmission Huoe cable 62 or 64, along a respective signal path 54 or 56 in the
antenna circuit 52, and a respective one of the antenna arrays 38 or 60, such as defined by the
predetermined TDD communication standard.

[0073] in the example of FIG. 9, the time Ty between each of the transmit and receive

signal sub-frames includes a first portion of time 358 and a second portion of time 360. The first
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portion of time 358 can correspond o a switching time {e.g., approximately 10 microseconds or
icss), such as to generate the appropriate switching signal(s) MD: and MD; and/or to activate the
respective swilches of the amplitude adjustment circuits 78 and 80. The second portion of

time 360 can correspond to switch settling time {e.g., likewise approximately 10 microseconds or
less), such as a time for the respective switches to settle to a saturation region and/or to dissipate
parasitic effects {e.g., capacitance and/or inductance) of the circuit components of the switching
controller 304 and/or the respective amplitude adjustment circuits 78 and 80. Therefore, the
hardware-based logic circuit of the switching controller 304 can implement rapid state-changes
of the switching signal(s) MD1 and MD; to satisfy the rapid switching requirements dictated by
the TDD communication standard.

[0074] FIGS. 10-15 demonstrate examples of amplitude adjustment circuits. The
example of FIG. 10 demonstrates an amplitade adjustrnent circunit 370, the example of FIG. 11
demonstrates an amplitude adjastment circuit 400, the example of FIG. 12 demonstrates an
amplitnde adjostuent circuit 450, the example of FIG. 13 demonstrates an amplitude adjustment
circuit 500, the example of FIG. 14 demonstrates an amplitude adjustment circuit 550, and the

example of FIG. 15 demonstrates an amplitude adjustment circuit 600. Any of the amplitude

circuits 78 and 80 in the example of FIG. 2. Therefore, reference is to be made to the example of
FIG. 2 in the following description of the examples of FIGS. 10-14. Additionally, the amplitude
adjustment circuits 370, 400, 450, 500, 550, and 600 are not limited to the examples

demonstrated in the examples of FIGS. 10-14. For example, the amplitude adjustmoent

filters, and the like that can be arranged in the respective transmit path, receive path, or both.
Furthermore, the swiiches described in the amplitude adjustment circuits 400, 450, 500, 550,
and 600 can be implemented as transistor devices, such as to provide very rapid switching times
between the transmit mode and the receive mode.

[0075] In the example of FIG. 10, the amplitude adjustment circuit 370 includes a

VCE 372 in the signal path (e.g.. the signal path 54 or 56). The VCE 372 is demonstrated as
being controlled by a control signal AT {e.g., one of the control signals ATy or AT2). For

example, the VCE 372 can be configured as a variable attenuator that is controlled by the
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controller 76 to provide attenuation of the transmit signals in the transmit mode and to provide
attenuation of the receive signals in the receive mode {(e.g., based on a respective one of the
mode signals TX; or TXz). Therefore, the mode of the amphitude adjustment cirenit 370 s
controlied by the amount of adjustment (e.g., attenuation) provided by the control signal AT in
each of the transmit mode and the receive mode.

[0078] In the example of FIG. 11, the amplitude adjustment circuit 400 includes a

VCE 401 in the signal path (e.g., the signal path 54 or 56). The VCE 401 is demonstrated as
being controiled by a control signal AT (e.g., one of the control signals ATy or ATz). For
example, the VCE 401 can be configured as a variable attenuator that is controlled by the
controller 76 to provide attenoation of the transmit signals in the transmit mode and to provide
attenuation of the receive signals in the receive mode (e.g., based on a respective one of the
mode signals TX, or TX2). The amplitude adjustrent circuit 400 also includes first switch SWs,
a second switch SWg, and a third switch SW7 that are each controlled by the switching signal
MD. The switches SWs, SWe, and SW7 are demonstrated in a default state corresponding (o the
default state of the receive mode. The first and second switches SWs and SWs are each
demonstrated in the example of FIG. 11 as single-pole double-throw switches that sclect between
a first signal path, demonstrated at 402, and a second signal path, demonstrated at 404. In the
example of FIG. 11, the first signal path 402 can correspond to the receive mode and the second
signal path 404 can correspond to the transmit mode. The second signal path 404 includes a
power amplifier 406 that is configured to amplify the transmit signal in the transmit mode.
Additionally, the amplitude adjustment circuit 400 includes a low-noise amplifier (LNA) 408
that is arranged in paraliel with the third switch SW», arranged as a single-pole single-throw
switch. Therefore, in the receive mode, the receive signal is amplified by the LNA 408, and in
the transmit mode, the transmit signal is provided in a bypass short-circnit through the closed
switch SW7.

[0077] In the example of FIG. 12, the amplitude adjustment civcnit 450 includes a

VCE 451 in the signal path (e.g., the signal path 54 or 56). The VCE 451 is demonstrated as
being controlled by a control signal AT (e.g., one of the control signals AT or AT2). For
example, the VCE 451 can be configured as a variable attenuator that is controlied by the

controller 76 to provide attenuation of the transmit signals in the transmit mode and to provide
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attenuation of the receive signals in the receive mode {(e.g., based on a respective one of the
mode signals TX; or TXz). The amplitude adjustment circuit 450 also includes a first

circulator 452, a second circnlator 434, a first switch SWs, and a second switch SWy that are
cach controlled by the switching signal MD. The switches SWs and SWs are demonstrated in a
default state corresponding to the default state of the receive mode. The first and second
switches SWs and SWg are cach demonstrated in the example of FIG. 11 as single-pole double-
throw switches. The first circulator 452 is demonstrated as a “clockwise” circulator, such that
the transmit signal is provided to the first switch SWs. The first switch SWs selects between an
attenuator 456 in the receive mode and a power amplifier 458 in the transmit rode, and thus is
output from the amplitude adjustment circuit 450 via the second circulator 454 that is also
arranged as a “clockwise” circulator. The second circulator 454 also provides the receive signal
to the second switch SWe. The second switch SW selects between an attenuator 460 in the
transmit mode and an LNA 462 in the receive mode, and thus is output from the amplitude
adjustment circuit 450 via the first circulator 452,

[0078] In the example of FIG. 13, the amplitude adjustment circuit 500 includes a

VCE 501 in the signal path (e.g., the signal path 54 or 56). The VCE 501 is demonstrated as
being controlled by a control signal AT (e.g., one of the control signals ATy or ATz). For
example. the VCE 501 can be configured as a variable attenuator that is controlled by the
controller 76 to provide attennation of the transmit signals in the transmit mode and to provide
attenuation of the receive signals in the receive mode (2.g., based on a respective one of the
mode signals TX; or TX2). The amplitude adjustruent circuit 500 also includes a switch SWs
and a circulator 502. The switch SWs is arranged as a single-pole double-throw switch
controlled by the switching signal MD, and is demonstrated in a default state corresponding to
the default state of the receive mode. The switch SWs selects between a first signal path,
demonstrated at 504, and a second signal path, demonstrated at 506. In the example of FIG. 13,
the first signal path 504 can correspond to the transmit mode and the second signal path 506 can
correspond to the receive mode. The first signal path 504 includes a power amplifier 508 that is
configored to amplify the transmit signal in the transmit mode, and thus is ontput from the
amplitude adjustment circuit 500 via the circulator 502 that is also arranged as a “clockwise”

circulator. The second signal path 506 includes an LNA 510, such that the circulator 502
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provides the receive signal on the second signal path 506 to be amplified by the LNA 510 and
output from the amplitude adjustment circuit 500 via the switch SWs in the receive mode.
16079} In the example of FIG. 14, the amplitude adjustment civcnit 550 includes a

V{E 551 in the signal path {e.g., the signal path 54 or 56). The VCE 551 is demonstrated as
being controlled by a control signal AT {e.g., one of the control signals AT or ATz). For
example, the VCE 551 can be configured as a variable attenuator that is controlied by the
controller 76 to provide attenuation of the transmit signals in the transmit mode and to provide
attenuation of the receive signals in the receive mode {(e.g., based on a respective one of the
mode signals TX; or TX2). The amplitude adjustment circuit 550 also includes a switch SWs
and a circulator 552. The switch SWs is arranged as a single-pole double-throw switch
controlied by the switching signal MD, and is demonstrated in a default state corresponding to
the default state of the receive mode. The switch SWs selects between a first signal path,
demonstrated at 554, and a second signal path, demonstrated at 556. In the example of FIG. 14,
the first signal path 554 can correspond to the transmit mode and the second signal path 556 can
correspond to the receive mode. The first signal path 554 is demounstrated as a bypass short-
circuit to output the transmit signal from the amplitude adjustment circuit 550 via the

circulator 552 that is also arranged as a “clockwise” circulator. The second signal path 556
includes an LNA 55§, such that the circulator 552 provides the receive signal on the second
signal path 556 to be amplified by the LNA 558 and output from the amplitude adjustment
circuit 550 via the switch SWs in the receive mode.

[0080] In the example of FIG. 185, the amplitude adjustment circuit 600 inchudes a

V{H 601 in the signal path (e.g., the signal path 54 or 56). The VCE 601 is demonstrated as
being controlled by a control signal AT (e.g., onc of the control signals ATy or AT;). For
example, the VCE 601 can be configured as a variable atiennator that is controlied by the
controller 76 to provide attenuation of the transmit signals in the transmit mode and to provide
atienation of the receive signals in the receive mode (e.g., based on a respective one of the
mode signals TX; or TX2). The amplitade adjustment circuit 600 also includes a switch SWs
conirolled by the switching signal MD. The swiich SW3 is demonstrated as a single-pole single-
throw switch in a default state corresponding to the default state of the receive mode. The

amplitude adjustment circuit 600 includes an LNA 602 that is arranged in parallel with the
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switch SWs. Therefore, in the receive mode, the receive signal is amplified by the LNA 602, and
in the transmit mode, the transmit signal is provided in a bypass short-circuit through the closed
switch SWs.

[0081] The examples of FIGS. 10, 14, and 15 do not include power amplifiers to provide
amplification of the transmit signals in the transruit mode. As described previously, the signal
paths 54 and 56 can include sufficient power amplification in the transmif mode, such as
provided in the exarmples of FIGS. 11-13, to overcome power losses of the transmission line
cables 62 and 64 regardless of the length of the transmission line cables 62 and 64 (e.g., to
attenuate the transmit signals down to approximately the predetermined maximum EIRP). As
another example, the araplitade adjustment circuits 370, 550, and 600 in the examples of

FIGS. 10, 14, and 15, respectively, can be implemented when the user communication system 12
mcludes sufficient power amplification of the transmit signals that power amplifiers are not
necessary in the transmit signal paths. Additionally or alternatively, the antenna arrays 58

and 60 can be designed with sufficiently high gain that power amplification of the transmit
signals is not necessary in the transmit signal paths to provide feasibility of the amplitade
adjustment circuits 550 and 600.

100821 As another example, the amplitude adjustment circuits 400, 450, and 500 can be
implemented for installation of an antenna system 50 in a manner that is completely agnostic of
the user communication system 12. For example, during the calibration procedure, in addition to
measuring the signal loss of the transmission line cables 62 and 64, the antenna system: 50 can
measure an output power of the transmit signals provided from the user communication

system 12 (e.g., via the transmit detection circuits 90 and 92, such as relative to a plurality of
thresholds). Therefore, in response to determining the output power of the user communication
system 12, the antenna circuit 52 can properly attenuate the transmit signals in the fransmit mode
down to approximately the predetermined maximum EIRP.

[0083] As aresult, the switching controller 304 can implement state changes of the
switching signal MD in response to changes of amplitude of the voltages Vrx and/or Vex, such
as in response to the transmit detection circuit{s) 90 and 92 detecting changes in power on the
respective signal path(s} 54 and 56. Accordingly, the switching signals MDj and MDD can

provide sufficiently rapid switching to satisfy the maximum switching times (¢.g., the first
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portion of time 558 in the example of FIG. 9) to comply with the TDD communication standard.
As a result, the antenna system 50 can operate to facilitate the bidirectional TDD
communications between transmit and receive sigoals, sach as without requiring communication
or signal transfer from the user communication system 12. Therefore, the antenna system 50 can
be installed in a simplistic manner that is largely independent of the operation of the aser
communication system 12. Additionally, the antenna system 14 can be installed in a manner that
is agnostic of the length of the transmission line cable(s) 62 and 64 interconnecting the antenna
system 50 and the user communication system 12. Accordingly, the antenna system 50 can be
simplistically installed to cfficiently facilitate wircless communication between the user
communication system 12 and a network hub (e.g., a base station).

[0084] In view of the foregoing structural and functional features described above, a
methodology in accordance with various aspects of the present invention will be better
appreciated with reference to FIG. 16. While, for purposes of simplicity of explanation, the
methodology of FIG. 16 is shown and described as executing serially, it is to be understood and
appreciated that the present invention is not limited by the illustrated order, as some aspects
could, in accordance with the present invention, occur in different orders and/or concurrently
with other aspects from that shown and described herein. Moreover, not all tllustrated features
may be required to implement a methodology in accordance with an aspect of the present
mvention.

[6085] FIG. 16 illustrates an example of a method 650 for communicating at least one of
a fransmit signal and a receive signal via a TDD antenna system {(c.g., the antenna system 14)
comprising an antenna {e.g., the antenna array(s) 18). At 652, a calibration signal {e.g., the
calibration signal(s) CS; and/or CS2) is provided from an antenna circuit (e.g., the antenna
circuit 20} associated with the antenna system {0 a user communication system (e.g., the user
communication system 12} on at least one transmission line cable (e.g., the transmission line
cable(s) 16). At 654, a returoed signal {(e.g.. the return signal(s) RTNy and RTNy) corresponding
to the calibration signal retransmitted back from the user communication system is received at
the antenna circuit. At 656, signal loss between the user communication system and the antenna
circuit through at least one transmission line cable is determined (e.g., via the transmission line

measurement circuit 22) based on the returned signal. At 658, signal power of the transmit
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signal obtained from the user communication system via the at least one transimission line cable
is monitored (e.g., via the transmit detection circuit 26). At 660, an amplitude of the receive
signal is adjusted in a receive mode based on the determined signal loss. At 662, an amplitude
adjustment circuit {e.g., the amplitude adjustment circuit 24) is switched {rom the receive mode
to a transmit mode (e.g., via the controller 28) 1n response to the monitored signal power
exceeding a predetermined threshold. At 664, an amplitude of the transmit signal is adjusted in
the fransmit mode based on the determined signal loss.

[0086] What have been described above are examples of the present invention. It is, of
course, not possible to describe every conceivable combination of components or methodologies
for purposes of describing the present invention, but one of ordinary skill in the art will
recognize that many further combinations and permutations of the present invention are possible.
Accordingly, the present invention is intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Additionaily, where the
disclosure or claims recite "a." "an,” "a first,” or "another” element, or the equivalent thereof, it
should be interpreted to include one or more than one such element, neither requiring nor
excluding two or more such elements. As used herein, the term "includes” means includes but
not limited to, and the term "including” means inchding but not limited to. The term "based on”

means based at least in part on.
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CLAIMS

What is claimed is:

1. A self-synchronizing time-division duplex (TDD) antenna system comprising:

an antenna configured to communicate a transmit signal and a receive signal; and

an antenna circuit coupled to the antenna and to a user communication system via at least
one transmission line cable, the antenna circuit comprising:

a transmission line measurement circuit configured to determine signal loss
between the user communication system and the antenna circuit through the at least one
transmission line cable;

an amplitude adjustment circuit configured to adjust amplitude of at least one of
the transmit and receive signals based on the determined signal loss;

a transmit detection circuit configured to monitor signal power of the transmit
signal obtained from the user communication system via the at least one transmission line
cable; and

a controller configured to switch the amplitude adjustment circuit from a receive
mode to a transmit mode in response to the monitored signal power exceeding a
predetermined threshold, wherein in the receive mode the amplitude adjustment circuit
applies a receive amplitude adjustment along a signal path to the receive signal, and in
the transmit mode the amplitude adjustment circuit applies a transmit amplitude

adjustment along the signal path to the transmit signal.

2. The system of claim 1, wherein in the receive mode the amplitude adjustment circuit
adjusts the amplitude of the receive signal obtained via the antenna and provides the adjusted
receive signal to the user communication system via the at least one transmission cable, and in

the transmit mode the amplitude adjustment circuit adjusts the amplitude of the transmit signal.
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3. The system of claim 1, wherein the transmission line measurement circuit comprises:

a calibration signal generator configured to provide a calibration signal on the at least one
transmission line cable from the antenna circuit to the user communication system, the
calibration signal being retransmitted back from the user communication system to the antenna
circuit as a returned signal; and

a signal monitor configured to detect a characteristic of the returned signal and to

determine the signal loss based on the characteristic of the returned signal.

4. The system of claim 3, wherein the calibration signal generator provides the calibration

signal in response to a calibration command.

5. The system of claim 3, wherein the signal monitor is configured to measure a first power
associated with the calibration signal provided on the at least one transmission line cable and to
measure a second power associated with the returned signal on the at least one transmission line

cable to determine the signal loss as a ratio of the first power and the second power.

6. The system of claim 5, wherein the at least one transmission line cable comprises a first
transmission line cable and a second transmission line cable, wherein the signal monitor is
configured to measure the first power associated with the calibration signal provided on the first
transmission line cable and to measure the second power associated with the returned signal

received on the second transmission line cable.
7. The system of claim 1, wherein the antenna system comprises an extraction circuit

configured to receive DC power from the user communication system via the at least one

transmission line cable.
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8. The system of claim 1, wherein the controller is further configured to switch from the
transmit mode to the receive mode in response to the monitored signal power being below the

predetermined threshold.

0. The system of claim 1, wherein:

the transmit signal is a first transmit signal and the receive signal is a first receive signal,;

the antenna comprises a first antenna array to communicate the first transmit signal and
the first receive signal, and further comprises a second antenna array to communicate a second
transmit signal and a second receive signal;

the signal path of the amplitude adjustment circuit is a first signal path; and

in the receive mode the amplitude adjustment circuit applies the receive amplitude
adjustment along a second signal path to the second receive signal, and in the transmit mode the
amplitude adjustment circuit applies the transmit amplitude adjustment along the second signal

path to the second transmit signal.

10. The system of claim 9, wherein:

the at least one transmission line cable includes a first transmission line cable and a
second transmission line cable; and

the antenna circuit communicates the first receive signal and the first transmit signal with
the user communication system via the first transmission line cable, and communicates the
second receive signal and the second transmit signal with the user communication system via the

second transmission line cable.

11. The system of claim 1, wherein the antenna circuit further comprises memory to store the

determined signal loss.

12. The system of claim 1, wherein the transmit detection circuit comprises a directional

coupler and power detector to monitor the signal power of the transmit signal.
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13. A method for communicating at least one of a transmit signal and a receive signal via a
time-division duplex (TDD) antenna system comprising an antenna, the method comprising:

providing a calibration signal from an antenna circuit associated with the antenna system
to a user communication system on at least one transmission line cable;

receiving a returned signal corresponding to the calibration signal retransmitted back
from the user communication system to the antenna circuit;

determining signal loss between the user communication system and the antenna circuit
through at least one transmission line cable based on the returned signal;

monitoring signal power of the transmit signal obtained from the user communication
system via the at least one transmission line cable;

adjusting an amplitude of the receive signal in a receive mode based on the determined
signal loss;

switching an amplitude adjustment circuit from the receive mode to a transmit mode in
response to the monitored signal power exceeding a predetermined threshold; and

adjusting an amplitude of the transmit signal in the transmit mode based on the

determined signal loss.

14. The method of claim 13, wherein determining signal loss comprises:
detecting a characteristic of the returned signal; and

determining the signal loss based on the characteristic of the returned signal.

15. The method of claim 13, wherein providing the calibration signal comprises providing

the calibration signal in response to a calibration command.

16. The method of claim 13, wherein determining signal loss comprises:
measuring a first power associated with the calibration signal provided on the at least one

transmission line cable; and
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measuring a second power associated with the returned signal on the at least one
transmission line cable to determine the signal loss as a ratio of the first power and the second

power.

17. The method of claim 16, wherein the at least one transmission line cable comprises a first
transmission line cable and a second transmission line cable, wherein measuring the first power
comprises measuring the first power associated with the calibration signal provided on the first
transmission line cable and measuring the second power comprises measuring the second power

associated with the returned signal received on the second transmission line cable.

18. The method of claim 13, further comprising switching from the transmit mode to the
receive mode in response to the monitored signal power being below the predetermined

threshold.

19. The method of claim 13, wherein:

the transmit signal is a first transmit signal and the receive signal is a first receive signal;

the antenna comprises a first antenna array to communicate the first transmit signal and
the first receive signal, and further comprises a second antenna array to communicate a second
transmit signal and a second receive signal,

the signal path is a first signal path;

adjusting the amplitude of the receive signal in the receive mode comprises adjusting the
amplitude of a second receive signal in a second receive path based on the determined signal
loss; and

adjusting the amplitude of the transmit signal in the transmit mode comprises adjusting
the amplitude of a second transmit signal in a second transmit path based on the determined

signal loss.
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20. The method of claim 19, wherein the at least one transmission line cable comprises:

a first transmission line cable on which the first receive signal and the first transmit signal
are communicated between the user communication system and the antenna system; and

a second transmission line cable on which the second receive signal and the second
transmit signal are communicated between the user communication system and the antenna

system.

21. The method of claim 13, further comprising storing the determined signal loss in a

memory.
22. The method of claim 13, wherein monitoring the signal power of the transmit signal

comprises monitoring the signal power of the transmit signal via a directional coupler and a

power detector.
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