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(57) Abstract: Embodiments pertain to systems, methods, and component devices for Tx-Tx transmit concurrency by combining sig-
nals before power amplification. One example embodiment includes validity check circuitry configured to check a transmission
power for a Bluetooth signal against a first threshold transmission power, a Bluetooth Power Amplifier, and a WLAN power amplifi-
er. A switching network controlled by the validity check circuitry and configured to couple the Bluetooth input to Bluetooth power
amplitier input when the transmission power for the Bluetooth signal is above the first threshold transmission power and to couple
the Bluetooth signal with a WLAN signal for input to the shared WLAN power amplifier when the transmission power for the

Bluetooth signal is less than the first threshold transmission power.
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DEVICES AND METHODS FOR TRANSMIT CONCURRENCY BY
CONDITIONED S5IGNAL COMBINING

[0001]  This application claims the benefit of priority to U.S. Patent
Application Senial No. 14/752,103, filed Junc 26, 2015, which is incorporated

herein by reference m tis entucty.
¥ A

TECHNICAL FIELD

[B002]  Some embodiments pertain to sysiems, methods, and devices
assoctated with wireless communications and, in particular, to Tx-Tx transmit
concurrency {(1TC) where two signals to be transmitted, such as a Bluctooth ™
signal and a wireless local area network (WELAN) signal, may be combined prior

to imput of the combined signal to a power amplifier (PA}.

BACKGROUND

8603] Wireless mobile commumication technology uses various standards
and protocols to transmit data. Some devices may use multiple different types of
transmission svstems operating under difterent standards and protocols, and
operating at the same time. In certain environments, this simultancous operation

may cause complications in device operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]  FIG. 1 illastrates a block diagram of a network which may be used in
transmit concurrency by conditioned signal combining in accordance with some
example embodiments.

18005]  FIG. 2 ilhustrates one implementation of signal combining circuifry in

accordance with some example embodiments
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[0006]  FIG. 3 idlustrates aspects of a method for transmit concurrency by
conditioned signal combining in accordance with some example embodiments.
10067 FIG. 4 illustrates aspects of apparatus operation for transout
concurrency i a wireless device by conditioned signal combining m accordance
5 with some example embodiments.

{8608]  FIG. 5 is a flow chart ilhustrating aspects of apparatus operation for
transmit concurrency in a wircless device by conditioned signal combining in
accordance with some example embodiments.
10009)  FIG. 6 illustrates aspects of a wireless device which can use an

10 apparatus for conditioned signal combining in accordance with some cxaraple
embodiments.
{6614} FIG. 7 is a block diagram ilhustrating an example computer system
machine which may be used with varicus aspects of example embodiments

described herein,

DETAILED DESCRIPTION

{0011]  The following description and the drawings sufficiently illustrate
gpecitic embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
20 changes. Portions and features of some cmbodiments may be included i, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
8612} FIG. 1 dlustrates a block diagram of a setwork 100 which may be
used n transmit concurrency by digital signal combining in accordance with
25 some example embodiments. The network 100 meludes a first wireless
commumication device 102 and a second wireless communication device 110,
The wircless communication devices 102 and 110 may be, for example, laptop
computers, smart phones, tablet computers, printers, wearable devices, machine-
type devices such as smart meters or networked appliances, or any other wireless
30 device with or without a user interface.
[0613]  The first wircless communication device 102 has radio frequency (RF)

wireless connections 122 and 124, with the RF wireless connection 122 to the
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second wireless communication device 110 and the RF wireless connection 124
to a wircless communication device 130,
{0014]  Additionally, as tllustrated, the cxample crbodiment of network 100
shows the first wireless communication device 102 connecting to a broader

5 network 132 such as the Internet via the RF wireless connection 124 to the
wircless communication device 130, In some embodiments, the wircless
cormnmunication device 130 may be a WLAN router providing network
communications according to Institute of Electrical and Electronic Engineers
(IEEE) 802.11 networking standards. Example WLAN signals as part of such an

10 RF wircless connection i some embodiments may use pecr-to-pecr or access-
point-based connections with collision avoidance. Exarople WLAN signals may
further use orthogonal frequency division multiplexing (OFBM) with various
modulation schemes, such as binary phase-shift keving, quadrature phase-shift
keving, or quadrature amplitude modulation.

15 J0615]  In other embodiments, the wireless communication device 130 may
provide network communications according to other commanication standards.
Similarly, m some cmbodiments, the RF wircless connection 122 may be a
connection using Bluetooth standard communications. Example Bluetooth
signals as part of such an RF wireless connection in some embodiments may be

20 an asynchronous connectionless link (ACL) using a polling time division
multiple access scheme. Another example Bluctooth signal mav be a
synchronous connection-oriented link comprising a set of reserved timeslots on
an existing ACL. In other embodiments, other communication standards may be
used for both the first RE wireless connection 122 and the second RF wircless

25 counnection 124,

[8616] In various connectivity solutions for wireless communication devices
such as the wircless communication device 102, circuitry for muliiple
cormunication types may be implemented on a single apparatus, which may be
a single assembly or a single integrated circuit. In some embodiments, for

30 example, WLAN and Bluetooth devices are collocated on the same silicon die.
Embodiments described herein use a system framework to support concurrent
operation of different RY signals, such as WLAN and Bluctooth signals, shaning

a single transmission (Tx) path on the same {shared} antenna. In various
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embodiments, this may mnprove the overall performance of both WLAN and
Bluetooth. For example, by shanng the antenna resources and ¢nabling Tx-Tx
concurrency for both WLAN and Bluetooth signals, the system framework may
avoid delays in transmussion while one transmission of one type (e.g., WLAN)
5 waits for another transmission of another type {e.g., Bluctooth) to finish.
8617)  Due to differences in transmitted power or voltage level at the power
amplifier output which could cause damage to a “weaker” power amplificr,
power levels for the Tx signals are managed. For example, i some
embodiments, a Bluetooth power amplifier is weaker than a WLAN power

10 amplifier, and the system may be structured to avoid damage to the Bluetooth
power amplifier and share the WLAN power amplifier when possible without
damaging the WLAN power amplifier. This provides benefits over previous
systems, where the two RF communication systems need to be operated ina
mutually exclusive fashion {c.g., when a WLAN link necds 1o operate the

15 transmitter portion of the radio, the Bluetooth transmitter is not allowed to tum
on.)

[6618]  In asystem using WLAN and Bluctooth signals, in order to provide
for Tx-Tx concurrency {TTC), a method of combining the transmit signals of the
two systems tnto one Tx path needs to be established. In order to avoid damage

20 to the power amplifiers, such a method conditionally enables combining the
signals of the two RF svstems, with careful coordination to cosure that the
following svstem constraints are met: WLAN signal guality {e.g., EVM and
SNR}, Bluetooth signal gquality {e.g., DEVM for EDR and SNR); and overall
spuricus emissions and noise,

25 j0661%9] Embodiments described herein for WLAN and Bluetooth enable a
wireless communication device such as the wireless communication device 102
to operate combining the WLAN and Bloetooth transnut signals at the mput of
the WELAN power amplificr. The wircless communication device may then
transmit the composite signal via the WLAN power amplifier, RF front end, and

30 shared antenna, while proactively preventing any potential breach of regulatory
or certification requirements described above using validity check circuitry along

with other circuitry to perform pre-power-amplifier combining TTC.
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[0620]  This includes benefits over TTC based on post-combiming, as post-
combining requires very delicate RF design and tuning to ensure that the power
amplifier (PA) output impedance is matched at all transmit power levels. Post-
combining TTC also includes reliability degradation risks since a WLAN PA
voltage output could be very high and damage the Bluctooth PA output
transistors. These issues are overcome through the use of pre-power-amplifier
corbining TTC as described 1n association with various embodiments herein.
[0021]  FIG. 2 illastrates one maplementation of signal combining cirenitry in
accordance with some example embodiments as part of an apparatus 200 that
may be used by a wircless communication device such as the wureless
communication device 102, The apparatus 200 mcludes a Bluetooth power
amplifier 210, a WLAN power amplifier 220, and switching network 230
circuitry. Additionally, the apparatus 200 includes matching circuitry 202, 204,
206, and 208, a Bluctooth RF source ioput 240, a WLAN RF source input 230,
and an output for connectivity to an antenna shown as sithicon output 260. The
apparatus 200 enables TTC coupling using the switching network 230 to route
the Bluctooth RF signal from a Bluctooth BF source {e.g., an RF digital to
analog converter (DAC)) to the WLAN power amplifier 220 mstead of to the
Bluetooth power amplifier 210, Proper impedances at the mputs to both the
Bluetooth power amplifier 210 and the WLAN power amplifier 220 are
maintained through design of the impedances shown as Za through Zg using
standard impedance matching with the switching network 230 as coupled at one
end to the Bluetooth RF source mnput 240 and the Bluctooth power amplifier
210, and as coupled at the other end to the WLAN RF source input 250 and
WLAN power amplifier 220

[8622] The switching network 230 18 tHlustrated as a network of impedances
232, Two sets of in-line swiiches are shown, a first set of switches 234 at the
source and a sccond set of switches 236 at the summing point. The switches
234, 236 are controlled by a TTC enable 216 signal or switch control. In some
embodiments, the tmpedances are optimized such that the WLAN signal power
i both standalone operation when the switches 234, 236 arc open and in TTC
operation when the switches 234, 236 are closed is not affected by the operation

of the switching network 230. The impedances are also selected sach that the
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Bluctooth signal power 1s not significantly affected by the parasitics of the
switching network 230 in standalone operation when the swiiches 234, 236 are
1 the open position. In various embodiments, the signal power is considered not
significantly affected when the signal is not distorted or modified 10 a way that
mereases an error rate in a way that is unacceptable to system performance. In
some embodiments, this may mean that no mereased error rate is allowable. In
other cmbodiments, this mayv mean that errors are increased within an error
tolerance threshold. While the switching network 230 1s one possible way of
unplementing a TTC coupler, it will be apparent that other switching networks
and implementations of THC couplers are possible.

[8623] FIG. 3 stlustrates an example method 300 for performing TTC
according to some example embodiments. In vanous embodiments, the method
300 of FIG. 3 1s performed by the operation of circuitry or one or more
processors operating as part of a wircless communication device such as the
wireless communication device 102, This may mclude implementation in
hardware, firmware, software, or any combination of these to implement the
method 300 on a device.

[8624] In operation 302, a wireless communication device verifies that
transmisston contentions for a first radio frequency (RF) signal and a second RF
signal mect a set of Tx-TX transmission concurrency (TTC) critena. The TTC
criteria at a basic level may simplv be verifying by an analvsis of resource usage
that conflicts between transnussions using the first RF signal and the second RF
signal occur frequently enough to make any trade-offs with TTC operation
worthwhile. The benefits, as discussed above, mehude the ability to transmit RF
signals simultancously mstead of requiring one RY signal to wait. Combining
two RF signals into the same non-ideal power amplifier incurs several potential
risks, mainly due to potential intermoduldation and cross-modulation, which
twmn may cause performance degradation. This degradation may include creation
of out-of-band or band-edge emussions that exceed the regulatory limits
associated with device RF emissions. In an embodiment where the first RF
signal 1s a Bluetooth signal and the second RF signal is a WLAN signal, the
WLAN transmitter may employ predistortion to improve the power amplifier

cfficiency. Adding the Blactooth signal may casse a mismatch between the

6
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WLAN transnutter’s desired transmit power (index} and the actual input transmit
power. Thus, the predistortion calibration that is standard for the WLAN
operation may no longer apply and be consistent with the WLAN input signal.
This mismatch causes phase and amplitude ervors, which transiate into

5 degradation in error vector magnitude (EVM for WLAN and dEVM for
Bluetooth), decrease 1o Tx efficiency, and therefore degradation in Tx
throughput. Sorae aspects of these issues, and whether these issues may be
properly accommodated during TTC operation given the current signals, may be
considered during an iutial determination regarding TTC criteria.

10 j6628] A threshold transmission power for the first RF signal is then selected
based on the power of the second RF signal for an associated transmission
segment in operation 304, In a WLAN and Bluetooth embodiment, the system
wdentifies the WLAN transnussion power expected during a certain transmission
time, and then selects a threshold transmission power for the Bluctooth signal.

15 This allows the system to determine when the combined power of the WLAN
signal and the Bluetooth signal would be excessive and could potentially damage
the WLAN power amplifier if the signals are combined. The threshold
transnussion power may be selected based on circuit parameters, or may be an
adjustable setting that is managed via a user interface of a wireless

20 communication device. Using this mformation from operation 304, the power of
the first RF signal is identified in operation 306 and compared to the threshold
transmission power for the associated transmission segment.

[00826]  In operation 308, a TTC status is set based on operations 304 and 306,
The TTC statas mav, for example, be a signal communicated via the TTC enable

25 216 connection controlling a switching network such as the switching network
230 as discussed above for the apparatus 200 of FIG. 2. The TTC status 1s used
to set a switching network configured to couple the first RF signalto a
standalone power ampliticr such as the Bluetooth power amplifier 210 when the
transmission power for the first RF signal 15 above the threshold transmission

30 power and to couple the first RF signal to a shared power amplifier such as the
WELAN power amplifier 220 when the transmission power is less than the

threshold transmission power.
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In various embodiments, setting the TTC status enables and disables TTC
operation according to various TTC criferia to ensure that constraints, both
regulatory and certification metric based {e.g. Hmitations based on regulatory or
certification standards), are met at all times during TTC operation. In various
5 cmbodiments this is ensured through selecting WLAN Tx power (in dBm)

according to WLAN need. In such an embodiment, the maximum allowed
Bluetooth Tx power is set as a function of WELAN Tx power ~ X dB (where X is
a figure determined by a degradation margin}. The Bluetooth Tx power {(in dBm)
and rate are conveved to WLAN TTC monitoring circuitry, and the WLAN TTC

10 monttoring circuitry checks whether the current Bluetooth Tx power is lower or
higher than the allowed TTC threshold; it 1t is higher, TTC is temporaniy
disallowed and a packet transmit arbifer manages conflicts between
transmissions of Bluctooth and WLAN signals. Upon completion of the packet
transmission, T1C resumes and the process repeats for another transmission

15 segment {c.g., a separate time period with new data and associated Tx power for
both WLAN and Bluetooth transmissions. )
{0627}  In certain embodiments, the degradation margin discussed above 1s set
based on characteristics of the RF signals. For example, n certain embodiments,
WLAN RF signals include much larger variations in power or peak-to-average

20 ratio than the corresponding values in Bloetooth signals. To increase the
cfficient usage of the WLAN power amplificr, the WLAN power amplifier may
be mplemented with predistortion circuitry. The WLAN power amplifier may
thus use fecdback to identify the distortion of the signal output from the WLAN
power amphifier with circuitry to compensate for this distortion. Distortions in

25 the phase and amplitude of the WLAN signal are thus compensated for 1o the
WLAN power amphifier using predistortion circuitry. This predistortion
circuitry is set to compensate based only on the WLAN transmission power. In
order to avoid adjusting this predistortion, in certain embodiments the second RF
signal, in this case a Bluctooth RF signal, may be sufficiently small that the

30 contribution of the Bluctooth RF signal to the total power of the WLAN RF
sigial and the Bloetooth RF signal when combined is small. This means that the
mmpact on the predistortion calibration is within a threshold amount. In some

embodiments, this condition may be satisfied based on a 10 dB difference
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between the two RF signals. In other embodiments, other differences may be
used.

[0628]  Further, as described above, wircless communication systers include
regulatory himits on electromagnetic emissions, based not only on output power,
but also on emissions frequencies, to avoid interfering with adjacent frequency
bands used by other RF systems. In certain embodiments, combining of R¥
signals using a switching network may generate frequeney enussions that are
cutside of the allowable frequency spectrum at power levels that are
unacceptable. Certain embodiments may include elements for monitoring such
unacceptable RF emissions, and may disable TTC or set TTC criteria to disable
TTC operation when TTC operating conditions are known to generate such
viclations.

10629] FEG. 4 illustrates aspects of apparatus operation for transmit
concurrency in a wireless device by conditioned signal combining i accordance
with some example embodiments. Particularly, FIG. 4 illustrates a imeline 401,
Dhiring the time shown by timeline 401, Bhietooth transmissions 480 and
WELAN transmissions 482 occur as part of operation of a single wircless
communication device. As discussed above, circuitry for both the WLAN
transnussions 482 and the Bloetooth transmissions 480 may be integrated in a
single mtegrated circuif, apparatus, or asserably as part of a wireless
communication device, and may use TTC circuitry such as apparatus 200 to
combine the transnmussions for output to a single antenna.

[6630]  The timeline 401 additionally illustrates different transmission penods
402-440. Each transmission period 402-440 is associated with different
transmission conditions which occur at the beginming of cach new transmission
segment. Transmission periods 402-414 as illustrated begin at a time when a
new WLAN transmission 482 segment begins, and transmission periods 426-440
begin when a new Bluctooth transmission 480 scgment begins.

[B031] At the beginning of each transmussion period 402-440, TTC circuitry
assesses WLAN transmission power 490 and Bluetooth transmission power 492
as part of a determination of whether TTC operation is to be enabled. At the
beginnming of each WLAN transmussion 482 segment, the WLAN transmission

power 490 may be adjusted for the associated transmission period 402-414.

9
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Based on the WLAN transmission power 490, threshold transmission power 494
between upper threshold transmission power 494 A and lower threshold
transmission power 4948 are shifted. In various embodiments, threshold
transmission power 494 may include an upper threshold, a lower threshold, or
5 both as shown in FI(3. 4. The threshold transmission power 494 thus may be

considered as implementing the degradation margin discussed above, and causes
the Bluetooth transmissions 480 to use a separate Bluctooth power amplifier
when the power differences between the WLAN transmission power 490 and the
Bluetooth transmission power 492 are not within an appropriate range for

10 combining, both at a bigh and a low power difference threshold. For exaraple, at
the beginning of transmission period 404, the WLAN transmission power 490
decreases, and so the window for threshold transmission power 494 shifts down.
Similarly, at the beginning of transmission period 412, the WLAN transmission
power 490 increascs, and so the threshold transmission power 494 window

15 mcreases. At each transmission period, if the Bluetooth transmission power 492
ts outside of the threshold transmission power 494, then TTC operation is
disabled.
[8632] Addionally, for each transmission period. the Bluetooth transmission
power 492 is compared agaimst a Bluctooth power threshold 496, This

20 Bluetooth power threshold 496 is constant during operation, and may be set
based on charactenistics of the Bluctooth power amplificr, or by system design
settings. If the Bluetooth transmission power 492 is above the Bluetooth power
threshold 496, then TTC operation is disabled, and the Bluetooth transmission
430 segment for that time period {s sent using a separate Bluetooth power

25 amplhifier.
18033]  Thus, TTC operation may be enabled when the Blactooth transmission
power 492 is both within the threshold transmission power 494 and below the
Bluetooth power threshold 496, While these two conditions are used for
enabling TTC operation, additional criteria may be used as well in other

30 embodiments. For cxample, historical data showing that the WLAN
transmissions 482 and the Bluetooth transmissions 480 attempt to transmt at the
same time (lustrated in the timeline 401 n sections where the WLAN

transmisstons 482 overlap the Bluetooth transmissions 480} for a threshold

10
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percentage of the time, or where this conflict occurs at a threshold rate, may be
used as a condition to enable or disable TTC operation.
[0634]  As idlustrated, the Bluctooth transmission power 492 is within the
threshold transmission power 494 durning transmission periods 402-410, 412,

5 420-428, 436, 438, and 440. The Bloetooth transmission power 492 falls outside
of the threshold transmission power 494 during transmission periods 414, 430,
432, and 434, The Bluetooth transmission power 492 1s below the Bluetooth
power threshold 496 during transmission periods 402-406, 410, 420-424, 430,
436, and 440, The Bluetooth transmission power 492 is above the Blactooth

10 power threshold 496 dunng transmission periods 408, 412, 414, 426, 428, 432,
434, and 438.

[8635]  As described above, in the embodiment shown by timeline 401, TTC
operation is enabled only when the Bluctooth transmission power 492 15 both
within the threshold transmission power 494 and above the Bluetooth power

I5  threshold 496. Assuming no other critena are used by a wireless mobile device
with operation iHlustrated by FIG. 4, TTC operation for such a device would be
enabled during transmission periods 402-406, 410, 420-424, 436, and 440,
[8636] FIG. S stlustrates a flow chart showing aspects of a method 500 for
apparatus operation for transmit concurrency in a wireless device by conditioned

20 signal combining i accordance with some cxample embodiments. At operation
502, the device starts a TTC operation process. This may be initiated based on a
wireless commumnication device power on, selection of an option to enable TTC
functionality using a user interface or a device trigger, or any other such start
option,

25 J6637]  The device then, in operation 504, checks to see if ustorical conflicts
between two different RF signal svstems, illustrated herein as WLAN and
Bluetooth systems, have occurred frequently enough to justify enabling TTC
operation. I not, the device may continue gathering information on transmission
periods when conflicts between the two RF svstems occur, and may periodically

30 re-check whether the frequency of these contentions have risen above a threshold
frequency or priority fevel.

[6638]  Ifthe contentions meet critena for enabling TTC, then in operation

506 the device checks to see if either RF system 1s currently transmitting. The

3
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device delavs any adjustments to the system until the antenna is free in order to
avoid introducing errors into any currently transmitting segment of data. Once
there is a pause where no transmission is occurning, TTC functionality is cnabled

m operation 508. This TTC functionality enable may be considered in certain

()]

embodiments as activating control logic that may be used to set a switching

signal such as the TTC enable 216 of the apparatus 200 of FIG. 2. Tx-Tx

concurrent transmission does not actually begin until a switching network has

been set following assessment of transmigsion conditions, and until an actual

contention period begins when both RF systems are attempting to transmit at the

10 same time.
[863%] In operation 512, the device determines whether the Bluctooth system
is set to use a standalone power amplifier such as the Bluetooth power amphfier
210 based on Bluctooth system conditions. This may be based solely on
comparison of a Bluctooth transmission power against a Bluctooth power

15 threshold as illustrated by the Bluetooth power threshold 496 of F1G 4. In other
embodiments, other criteria may be used. If the Blustooth system determines
that Bluetooth signals will use the standalone power anplifier, then the device
proceeds to operation 518 and temporarily disables TTC operation. This may be
done by sctting a switch to keep the RF signals at separate power amplifiers

20 while maintaining TTC functionality by continuing to analyze device status to
determine whether to adjust the switching network. If a conflict occurs during
this time, the device will decide 1 operation 520 which RF signal will be
allowed to use the shared antenna for given periods of time, with antenna access
for each system switching on and off in operations 522 and 524. The device

25 then increments a TTC violation counter in operation 326 and checks a TTC
viclation rate in operation 550 I the TTC violation rate is too high, TTC
functionality is disabled 1 operation 352 and the method ends. Disabling of
TTC functionality means that the logic for determining whether to combine RF
signals is disabled, and a switching network is set to keep the RF signals

30 separate. This may be done to conserve power in environments where the

criterta for TTC operation are sufficiently infrequent that the resource usage in

maintaining the possibility of TTC outweighs the benefits of TTC i avoiding

the altemating disablement of RF systems in operations 522 and 524, ¥ the TTC

12
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viclation rate is not above a threshold or ending trigger in operation 550, then the
device proceads to continue moniforing new transmissions in operations 310 and
512.

[0049] Retuming to operation 512, if the device determines based on
Bluetooth criteria that the Bluetooth system 1s available to use the shared power
amplifier, such as the WLAN power amplificr 220, then in operation 514 the
Bluctooth transmission power is sent to TTC violation or validity check circuitry
for gach Bluetooth transmission segment. The Bluetooth transmission power is
combined 1o the validity check circuitry with information about the WLAN
transmission power that is used to set the threshold transmission power in
operation 510, In operation 316, the validity check circuitry ot the device
compares the Bluetooth transmission power from operation 514 with the
threshold transmission power from operation 510 to determine if the Bluctooth
transmission power is inside the threshold or outside the threshold. fthe
Bluetooth transmission power is outside the threshold, then operation 516
proceeds to operation 518, and then continues from operation 518 as described
above. If the Bluctooth transmission power is inside the threshold transmission
power, then at operation 528 an enable signal is sent to set the switching network
to route RE signals from both RF systems to the shared power amplifier, and
both RF gystems are enabled for transmission at the same time. This may be
implemented as logic to enable encoding and output of analog signals from
digital to analog elements of the two separate RF systems to RF source inputs
such as the Bluetooth RF source input 240 and the WLAN RF source input 230
at the same time as described above. The device then returns to monitoring new
transnussion segments in operations 510 and 512 to determune if TTC operation
should continue or be temporanly disabled, or ff TTC functionality should end,
based on operating conditions as described above.

[0641]  FIG. 6 dlustrates an example of a wircless device 600, The wireless
device 600 can include one or more antennas 608 within a housing 602 that are
configured to communicate with a hotspot, base station (BS), Evolved Node B,
or other tvpe of WLAN or wireless wide arca network (WWAN) access point.
The wireless device 600 can be configured to communicate using multiple

wireless communication standards, including standards sclected from 3GPP
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LTE, WiMAX, High Speed Packet Access (H5PA), Bluetooth, and Wi-Fi
standard definitions. The wireless device 600 can communicate using separate
antennas for cach wircless communication standard or shared antennas for
multiple wireless communication standards. The wireless device 600 can
5 communicate in a WLAN, a wireless personal area network (WPAN), and/or a

WWAN, The wireless device 600 may inclade an apparatus such as the
apparatus 200 of F1G. 2 that cnables separate RF systems to transmit using a
single antenna of the antennas 608 as described above. For example, the
wireless device 600 may include separate processing circuitry to generate and

10 ocutput both Blustooth and WLAN analog signals, with an apparatus such as the
apparatus 200 controlled by TTC logic to combine the signals when TTC criteria
are met, and with circuitry to manage aliernating transmission sharing when
TTC cnteria are not met.
[0042]  Additional examples of the presently described method. system, and

15 device embodiments include the following, non-limiting configurations. Each of
the following non-himiting examples can stand on its own, or can be combined 1n
any permutation or combination with any one or more of the other examples
provided below or throughout the present disclosure.
[8643]  One example embodiment is an apparatus of a wireless

20 communication device configured for Tx-Tx transmission concurrency (11C).
One mmplementation of such an apparatus comprises a first input configured to
accept a first radio frequency (RF) signal; a second mmput different from the firet
mput and configared to accept a second RF signal; validity check circuitry
configured to check a transmission power for the first RF signal against a first

25 threshold transmission power; a standalone power amplifier having a standalone
power amplifier input, predistortion circuitry, and a standalone power amplifier
cutput coupled to an antenna output; a shared power amplifier comprising a
shared power amplificr input coupled to the second input and a shared power
amplifier output coupled to the antenna output; and a switching network

30 countrolled by the validity check circuitry and configured to couple the first input
to the standalone power amplifier input when the transmission power for the first

RF signal 1s above the first threshold transmission power and to couple the first
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mput to the shared power amplifier input when the transmission power for the
first RF signal 1s less than the first threshold transmission power.

[0644]  Additional embodiments may be structured with the apparatus further
comprising contention identification circuitry configured to wdentifyv a
transmussion conflict for an antenna coupled to the antenma output.

{8645]  Additional embodiments may be structured whereimn the first RF signal
is a Bluctooth signal and whercin the second RF signal 1s a wireless local arca
network (WLAN} signal; and wherein an output transmission power from the
antenna 1s associated with an out of band transmission himitation.

[0646]  Additional embodiments may be structured wherein the contention
identification circwmitry 1s further contigured to identify a conflict rate for use of
the antenna by the first RF signal and the second RF signal.

{0647}  Addittional embodiments may be structured wherein the contention
identification circuitry s further configured 1o sct a scparate transmission state
based at least in part on a deternunation that the conflict rate 1s below a conflict
threshold.

[0648]  Additional embodiments may be structured wherein the contention
identification cireuitry is further configured to set a transmission concurrency
state based at least in part on a determination that the conflict rate is above a
conflict threshold.

[0049]  Additional embodiments may be structured with the apparatus further
comprising TTC control circuitry configured to temporarily disable the
fransmission concurrency state in response to a determination by the validity
check circuitry that a current transmission power of the first RF signal 1s above
the first threshold transmission power.

[8658]  Additional embodiments may be structured wherem the TTC control
circuitry is further configured to increment a TTC violation counter in response
to the determunation by the validity check circuitry that the current transmission
power of the first RF signal is above the first threshold transmission power;
compare the TTC violation counter against a threshold TTC viclation rate; and
disable the transmission concurrency state and enable a separate transmission

state when the TTC violation counter exceeds the threshold TTC violation rate.
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[8631]  Additional embodiments may be structured wheretn the first threshold
transmission power 1s sct based on a maximum WLAN transmission power
minus a degradation margin,
[8652]  Additional embodiments may be structured wherein the shared power
5 amplifier is configured for highly hincar operation with an associated power

COnSUMpPLon INCFease.
[B653]  Anocther example embodiment is a method for Tx-Tx transmission
concurrency {TTC) comprising verifving that a first radio frequency (RF) signal
and a second RF signal for a first transmission period meet a set of TTC criteria;

10 verifving that a shared antenna for the first RF signal and the second RF signal is
not in use at a beginning of the first transmission period; selecting a first
threshold transmission power for the first RF signal such that a first maximum
transmission power comprising g first transmission power of the first RF signal
and a second transmission power of the second RF signal for the first

15 transmission period 18 below a TTC threshold transmission power; and
response to a determination that the first transmission power for the first RF
signal during the first transmission period is below the first threshold
transmission power: configuring a switching network to combine the first RF
signal and the second RF signal dunng the first transmission period and

20 amplifying the first RF signal and the second RF signal using a shared power
amplifier during the first transmission period.
[B654]  Additional implementations of such an embodiment mayv operate
where the first RF signal is a Bluctooth signal and the second RF signal is a
wireless local area network (WLAN) signal conforming with one or more

25 standards of Instituie of Electrical and Electronic Engmeers (IEEE) 802.11; and
wherein the set of TTC eriteria comprises the TTC threshold transmission power
and a contention rate comprising a frequency with which the first RF signal and
the second RF signal attempt to use the shared antenna within the first
transmission period.

30 [8635] Additional mplementations of such an embodiment may operate with
the method further comprising: selecting a second threshold transmission power
for the first RF signal such that a second maximum transmission power

comprising a third transmission power of the first RF signal and a fourth

16
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transmission power of the second RF signal for a second transmission period 1s
below the TTC threshold transmission power; and in response to a determination
that the third transmission power is above the sccond threshold transmission
power: configuring the switching network into a non-TTC configuration during
the second transmission period; amphifving the first RF signal using a
standalone power amplifier that is separate from the shared power amplifier
during the second transmission period; and amphifying the second RF signal
using the shared power amplifier during the second transmission period.

10656)  Another example embodiment is a non-transitory computer readable
medium comprising instructions that, when executed by one or more processors
of a wircless communication device, configure the wircless communication
device to venfy that transmission contentions for a first radio frequency (RF)
signal and a sccond RFE signal meet a set of Tx-Tx transmission concurrency
{TTC) criteria. The instructions in such an embodiment also configure the
device to, for each transnugsion segment associated with the second RF signal:
select a threshold transmission power for the first RF signal basedon a
transmission power of the second RF signal for an associated transmission
segment; compare a transnussion power of the first RF signal to the threshold
transmisston power for the associated transmission segment; and seta TTC
status for the associated transouigsion segment based on the comparison of the
transmission power for the first RF signal with the threshold transmission power
for the associated segment.

{8637  Additional embodiments of such a computer readable medium be
structured where the mstructions to set the TT status comprise instructions {o:
i regponse {o a determination that a first transnussion power for a first segment
of the first RF signal 1s below the threshold transmission power: configure a
switching network to combine the first RF signal and the second RF signal; and
amplify the first segment of the first RF signal and a first segment of the sccond
RF signal using a shared power amplifier.

[0638]  Sull further examples of such a computer readable medium may be
structured where the instructions further cause the wireless communication
device to: for cach transmission segment, increment a TTC violation counter

when the first transmission power for the first RF signal is above the threshold
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transmission power; determine a TTC violation rate; and disable TTC operation
if the TTC violation rate is above a TTC violation threshold.
[0059]  Another embodunent is device for Tx-TX transmission concurrency
(TTC) compnising: a Bluctooth (BT) power amplifier; a first matching network
5 coupling the BT power amplifier to a silicon output; a wireless local arca

network (WLAN) power amplifier; a second matching network coupling the
WLAN power amplifier to the silicon output; a third matching network coupling
an input of the BT power amplifier to a BT radio frequency (RF} input and a first
end of a TTC coupler; and a fourth matching network coupling the WLAN

10 power amplifier to a second end of the TTC coupler and a WLAN RF input;
wheremn the TTC coupler comprises a TTC control mput that sets a TTC coupler
state based on a set of TTC selection eritenia.
{0668}  Additional embodiments of such a device may be stractured as further
comprising: an antenna coupled to the silicon output; wherein a first criterion of

15 the set of TTC selection criferia comprises an antenna use conflict rater based on
conflicting use of the antenna by signals from the BT power amplificr and the
WELAN power amplifier.
[8661] Additional embodiments of such a device may be structured as further
comprnising: a BT digital to analog converter (DAC) coupled to the third

20 matching network and the first end of the TTC coupler via the BT RF input;
wherein a sccond criterion of the set of TTC selection critena is based at least in
part on an output power of the BT DAC,
[8662]  Additional embodiments of such a device may be structured as further
comprising: a WLAN RF source coupled to the WLAN RF input; wherein a

25 third cnfenion of the set of TTC selection criteria is based at least in part on an
output power of the WLAN RF source.
{8063 FIG. 6 also shows a microphone 620 and one or more speakers 612
that can be used for audio input and output from the wireless device 600. A
display screen 604 can be a liguid ervstal display (LCD) screen, or another type

30 of display screen such as an organic light emitting diode (OLED) display. The
display screen 604 can be configured as a touch screen. The touch screen can
use capacitive, resistive, or another type of touch screen technology. An

application processor 614 and a graphics processor 618 can be coupled to an
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mternal memory 616 to provide processing and display capabilities. A non-
volatile memory port 610 can also be used to provide data input/output options
to auser. The non-volatile memory port 610 can also be used to expand the
memory capabilitics of the wireless device 600. A kevboard 606 can be
5 integrated with the wircless device 600 or wirclessly connected to the wireless

device 600 to provide additional user input. A virtual kevboard can alsc be
provided using the touch screen. A camcra 627 located on the front (display
screen) side or the rear side of the wireless device 600 can also be integrated into
the housing 602 of the wireless device 600. Any such elements may be used to

10 generate information that may be communicated via aggregated links as
deseribed in various embodiments herein.
[8664] FIG. 7 dlustrates a block diagram of a device that may be used to
implement various aspects of systems, devices, and methods for implementing
transmit concurrency by conditioned signal combining, according to some

15 embodiments. FIG. 7 ilustrates an example computer system machine 700 upon
which any one or more of the methodologies herein discussed can be num,
mcluding wircless communication devices 102, 110, and 130, any wircless
device described herein, any network element or server described herein, or any
other such device descrtbed herein. In various alternative embodiments, the

20 computer syster machine 700 operates as a standalone device or can be
connected (e.g., networked) to other machines. In a networked deployvment, the
coraputer systern machine 700 can operate in the capacity of either a serveror a
chient machine in server-client network environments, or it can act as a peer
machine in peer-to-peer {or distributed) network environments. The computer

25 system machine 700 can be a personal computer (PC) that may or may not be
portable {¢.g., a notebock or a netbook), a tablet, a set-top box (8TB), a gaming
console, a Personal Digital Assistant {PDA), a mobile telephone or smartphone,
a web appliance, a network router, switch, or bridge, or any machine capable of
executing instructions {sequential or otherwise) that specify actions to be taken

30 by that machine. Further, while only a single machine ts dlustrated, the term
“machine” shall also be taken to include any collection of machines that
mdividually or jointly execute a set {(or multiple sets) of instructions to perform

any one or more of the methodologies discussed herein.
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[0065]  The example computer system machime 700 includes one or more
processors 702 {¢ g, a central processing unit {TPU), a graphics processing unit
{GPL)}, or both}, a mam memory 704, and a static memory 706, which
communicate with cach other via an interconnect 708 (e .g., a link, a bus, etc.).

5 The computer system machine 700 can further include a device display unit 710,
an alphanomeric 1oput device 712 {e.g., a keyboard), and a user terface (UL}
navigation device 714 {¢.g., a mouse}. In one embodiment, the video display
vnit 710, mput device 712, and Ul navigation device 714 arg a touch screen
display. The computer system machine 700 can additionally include a mass

10 storage device 716 {e.g., a drive unif}, a signal gencration device 718 (c.g.. a
speaker), an output controller 732, a power management controller 734, a
network interface device 720 {(which can include or operably commumicate with
one or more antennas 730, transceivers, or other wircless communications
hardware), and ong or more scnsors 728, such as a Global Positioning Systers

15 (GPS) sensor, compass, location sensor, accelerometer, or other sensor,

[0866]  The storage device 716 includes a maching-readable medium 722 on
which is stored onc or more sets of data structures and instructions 724 {c.g.,
software) embodying or utilized by any one or more of the methodologies or
functions described herein. The mstructions 724 can also reside, completely or

20 atleast partially, within the main memory 704, the static memory 706, and/or the
processor 702 during execution thereof by the computer system machine 700,
with the main memory 704, static memory 706, and processor 702 also
constituting machine-readable media.

10667) Whle the machine-readable medium 722 is tHustrated in an example

25 embodiment to be a single medium, the term “machime-readable medium” can

mehude a single medium or multiple media {e.g., a centralized or distributed

database. and/or associated caches and servers) that store the one or more
mstructions 724. The term “machine-readable medium”™ shall also be taken to
melude any tangible medium that 1s capable of storing, encoding, or carrving

30 instructions for execution by the machine and that cause the machine to perform
any one or more of the methodologics of the present disclosure, or that is capable
of storing, encoding, or carrving data stractures utilized by or associated with

such mstructions.
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[0868]  The instructions 724 can further be transmitted or received over a
commumnications network 726 using a transmission medium via the network
mterface device 720 utilizing any one of a number of weli-known transfer
protocols {e.g., HTTP). The term “transmission medium” shall be taken to
5 melude any intangible medium that is capable of storing, encoding, or carrying

mstructions for execution by the machine, and includes digital or analog
cormmunications signals or other intangible media to facilitate communication of
such software.
10669]  Varous technigues, or certain aspects or portions thereof, may take

10 the form of program code {e.g., instructions) embodied 1n tangible media, such
as floppy diskettes, CD-ROMs, hard drives, non-transitory computer readable
storage media, or any other maching-readable storage medium wherein, when
the program code is loaded into and executed by a machine, such as a computer,
the machine becomes an apparatus for practicing the various technigues. o the

15 case of program code execution on programmable computers, the programmable
computer may include a processor, a storage medium readable by the processor
{including volatile and non-volatile memory and/or storage clements), at least
one mput device, and at least one output deviee. The volatile and non-volatile
memory and/or storage elements may be a RAM, EPROM, flash drive, optical

20 drive, magnetic bard drive, or other medium for storing clecironic data. The
progranunable computer may also include a transceiver module, a counter
module, a processing module, and/or a clock module or timer module. One or
more programs that may implement or utilize the vartous techniques described
herein may use an application programming interface (AP}, reusable controls,

25 and the bike. Such programs may be mmplemented in a hagh level procedural or
object orignted programming language to communicate with a computer system.
However, the program(s} may be implemented in assembly or machine
language, if desired. In any case, the language may be a compiled or interpreted
language, and combined with hardware implementations.

30 [8678]  Various embodiments may use 3GPP LTE/LTE-A, IEEE 702,11, near
fickd commumnication, and Bluctooth communication standards. Various
alternative embodiments may use a vanety of other WWAN, WLAN, and

WPAN protocols and standards in connection with the techmques described
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herein, These standards include, but are not mited to, other standards from
3GPP (c.g.. HSPA+, UMTS), IEEE 702.16 (e.g.. 702.16p), or Bluetooth {c g,
Bluetooth 6.0, or like standards defined by the Bluctooth Special Interest Group)
standards families. OGther applicable network configurations can be included
within the scope of the presently described communication networks. It will be
vaderstood that communications on such communication networks can be
facilitated using any nuwmber of personal area networks, LANs, and WANs,
using any combination of wired or wireless transmission mediums.

10671]  The embodiments described above can be implemented mnoncora
combination of hardware, frmware, and software. Various methods or
techmiques, or certamn aspects or portions thereof, can take the form of program
code (e.g., instructions} embodied m tangible media, sach as flash memory, hard
drives, portable storage devices, read-only memory (ROM), random-access
memory {RAM), semiconductor memory devices (¢.g., Electrically
Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)), magnetic disk storage media,
optical storage media, and any other machine-readable storage medium or
storage device wherein, when the program code is loaded nto and executed by a
machine, such as a computer or networking device, the machine becomes an
apparatus for practicing the various techuiques.

[8672] A machinc-readable storage medium or other storage device can
melude any non-transitory mechanism for storing information in a form readable
by a machine (e.g., a computer). In the case of program code executing on
programmable computers, the programmable computer can inclade a processor,
a storage medium readable by the processor (including volatiie and non-volatie
memory and/or storage elements), at least one mput device, and at least one
cutput device. One or more programs that can implement or utilize the various
techniques described herein can use an apphication programuming mterface (API),
reusable controls, and the like. Such programs can be implemented in a high
level procedural or object oriented programming langoage to communicate with
a computer system. However, the programds) can be implemented in assembly
or machine language, if desired. In any case, the language can be a compiled or

mterpreted language, and combined with hardware implementations.
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[8673] It should be understood that the functional units or capabilities
described in this specification may be referred to or labeled as components or
modules, in order to more particularly emphasize their implementation
mdependence. For example, a component or module can be implemented as a
hardware circuit comprising custom very-large-scale imtegration (VLSI) circuits
or gate arrays, off-the-shelf semiconductors such as logic chips, transistors, or
other discrete components. A component or module can also be implemented in
programmable hardware devices such as field programmable gate arrays,
programmable array logie, programmable logic deviees, or the hike.
Components or modules can also be tmaplemented in software for execution by
various types of processors. An identified component or module of executable
code can, for instance, comprise one or more physical or logical blocks of
computer instructions, which can, for instance, be organized as an object,
procedure, or function. Nevertheless, the exccutables of an identified component
or module need not be physically located together, but can comprise disparate
mstructions stored in different locations which, when joined logically together,
comprise the component or module and achicve the stated purpose for the
component or module.

[8674] Indeed, a component or module of executable code can be a single
mstruction, or many instructions, and can even be distributed over several
different code segments, among different programs, and across several memory
devices. Similarlv, operational data can be identitied and illustrated herein
within components or modules, and can be embodied i any suitable form and
organized within any suitable type of data structure. The operational data can be
collected as a single data set, or can be distributed over different locations
mecluding over different storage devices, and can exist, at least partially, merely
as electronic signals on a system or network. The components or modules can

be passive or active, including agents operable to perform desired functions.

[
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CLAIMS

What is claimed is:

I. An apparatus of a wireless communication device configured for

(o

Tx~Tx transmission concurrency {(TTC), the apparatus comprising:

a first input configured to accept a first radio frequency (RF} signal;

a second input configured to accept a second RF signal;

a vahidity check circuitry configured to check a transmission power for
the first RY signal aganst a first threshold transmission power;

10 a standalone power amplifier having a standalone power amplifier mput,
a predistortion circuitry, and a standalone power amplifier output capable of
being coupled to an antenna output;

a shared power amplifier comprnising a shared power amplifier mput
coupled to the second nput and a shared power amplifier output capable of

15 being coupled to the antenna output; and

a swiiching network controtled by the validity check circuitry and
configired to couple the first inpat to the standalone power amplifier input when
the transmission power for the first RF signal is above the first threshold
transmission power and to couple the first input to the shared power amplifier

20 mput when the transmission power for the first RE signal 1s less than or equal to

the first threshold transmission power.

2. The apparatus of claim 1 further comprising:

a contention identification circuitry configored to identify a transmission

N
(4

conflict for an antenna coupled to the antenna output.

3. The apparatus of claim 2 wherein the first RF signal is a
Bluctooth signal and wherein the second RF signal is a wireless local area
network (WLAN) signal; and
36 wherein an output transmission power from the antenna is associated

with an out of band transmission limitation.
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4, The apparatus of claim 3 wherein the contention identification
circuitry 1s further configured to identify a conflict rate for use of the antenna by

the first RF signal and the second RF signal.

5. The apparatus of claim 4 wherein the contention identification
circuttry is further configured to set a separate transmission state based on
whether the conflict rate is below a conflict threshold,

6. The apparatas of claim 4 wherein the contention wdentification
circuitry is further configured to set a transmission concurrency state based on

whether the conflict rate 1s above a conflict threshold.

7. The apparatus of claim 6 further comprising:

TTC control circuitry configured to temporarily disable the transmission
concurrency state in response to a determiation by the validity check circuitry
that a current transmission power of the first RF signal 1s above the first

threshold transmission power.

8. The apparatus of claim 7 wheretn the TTC control circuitry is
further configured to:

merement a TTC violation counter in response to the determination by
the validity check circuitry that the current transmission power of the first RF
signal 15 above the first threshold transmission power;

compare the TTC violation counter against a threshold TTC viclation
rate; and

disable the transmission concurrency state and enable a separate
transmission state if the TTC violation counter ex¢ceds the threshold TTC

vicdation rate.

9. The apparatas of claim 2 wherein the first threshold transmission
power 18 set based on a different between maximum WLAN transmission power

and a degradation margin,

2
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10.  'The apparatos of claim ! wherein the shared power amplificr is

configured for mghly linear operation with an associated power consamption

1mCrease.
5 11, A method for Tx-Tx transmission concurrency (TTC)
comprising;

verifving if a first radio frequency (RF) signal and a second RF signal for
a first transmission period meet a set of TTC cnteria;
veritying if a shared antenna for the first RF signal and the second RF
10 signal 1s disabled at a beginning of the first transmission period;
selecting a first threshold transmission power for the first RF signal
wherein a first maximum transmission power comprising a first transmission
power of the first RF signal i below a TTL threshold transmission power; and
if the first threshold transmission power for the first RF signal during the
15 first transmussion period is below the first threshold transmission power:
configuring a switching network to combine the first RF signal
and the sccond RF signal during the first transmission period; and
amplifving the first RF signal and the second RF signal using a
shared power amplifier during the first transmission period.
AL
12, The method of claim 11 wherein the first RF signal 1s a Bluctooth
signal and the second RF signal is a wireless local area network (WLAN) signal
conforming with one or more standards of Institute of Electrical and Electronic
Engineers ({EEE) 802 .11; and
25 wherein the set of TTC cntenia comprises the TTC threshold
transnuission power and a contention rate comprising a freguency with which the
first RF signal and the second RF signal attermapt to use the shared antenna within

the first transmission period.

30 13. The method of claim 12 further comprising:
sclecting a second threshold transmission power for the first RF signal
wherein a second maximum fransmission power comprising a third transmission

power of the first RF signal and a fourth transmission power of the second RF
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signal for a sccond transmisston pertod are below the TTC threshold
transmission power; and
if the third transmission power 18 above the second threshold
(ransmission power:
5 configuring the switching network nto a non-TTC configuration
during the second transmission period;
amplifying the first RF signal using a standalone power amplificr
that 1s separate from the shared power amphifier during the second
transmission period; and
16 amaplifying the second RF signal using the shared power amplifier

during the second transmigsion period.

14. A non-transitory compuier readable medium comprising instractions
that, when executed by one or more processors of a wircless communication

15 device, configure the wireless communication device to:
verify if transmission contentions for a first radio frequency (RF) signal

and a second RF signal meet a set of Tx-Tx transmission concurrency (TTC)
criteria; and
for each transmission segment associated with the second RF signal:

20 select a threshold transmission power for the first RF signal based
on a transmission power of the second RF signal for an associated
transmission segment;

compare a transmission power of the first RF signal to the
threshold transmission power for the associated transmission segment;

25 and

set a TTC status for the associated transmission segment based on
the comparison of the transmission power for the first RF signal with the

threshold transmission power for the associated segment.

30 15, 'The non-transitory computer readable medium of claim 14
wheretn the instractions to set the TTC status comprise mstructions 1o
m response to a determination that a first transmission power for a first

segment of the first RF signal is below the threshold transmission power:
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configure a switching network to combine the first RF signal and
the second RF signal; and
amaplify the first segment of the first RF signal and a first segment

of the second RF signal uemg a shared power amplificr,

16.  The non-transitory computer readabie medium of claim 15
wherein the instructions further cause the wireless communication device to:
for each transmission segment, increment a TTC violation counter when
the first transmission power for the first RF signal is above the threshold
10 transmission power;
determine a TLC viclation rate; and
disable TTC operation if the TTC violation rate 15 above a TTC violation

threshold.

5 17. A device for Tx-Tx transmission concurrency {T1TC) comprising:
a Bluetooth (BT) power amplifier;
a tirst matching network coupling the BT power amplifier to a silicon
ouiput;
a wirgless local area network {(WLAN) power amplifier;
20 a second matching network coupling the WLAN power amplifier to the
silicon output;
a third matching network coupling an input of the BT power amplifier to
a BT radio frequency (RF} input and a first end of a TTC coupler; and
a fourth matching network coupling the WLAN power amplifier to a
25 second end of the TTC coupler and a WLAN RF mput;
wherein the TTC coupler comprises a TTC control input that sets a TTC

coupler state based on a set of TTC selection criteria.

18.  The device of claim 17 further comprising:
30 an antenna coupled to the silicon output;

wherein a first criterion of the set of TTC selection criteria comprises an
antenna use conflict rater based on conflicting use of the antenna by signals from

the BT power amplifier and the WLAN power amplifier.
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19, the device of claim 18 further comprising:
a BT digital to analog converter {DAC) coupled to the third matching
network and the first end of the TTC coupler via the BT RF iuput;
5 wherein a second criterion of the set of TTC selection criteria 15 based at

least in part on an output power of the BT DAL,

20, The device of claim 19 further comprising:
a WLAN RF source coupled to the WLAN RF input;
10 wherein a third criterion of the set of TTC sclection criteria is based at

least in part on an output power of the WLAN RF source.

29
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j
300 37

N

VERIFY, USING CIRCUITRY OF A WIRELESS DEVICE,
THAT TRANSMIGSION CONTENTIONS FOR A FIRST
302 w~RADIO FREQUENCY (RF) SIGNAL AND A SECOND RF
SIGNAL MEET A SET OF TX-TX TRANSMISSION
CONCURRENCY (TTC) CRITERIA

l

SELECT A THRESHOLD TRANSMISSION POWER FOR
304w~ [ HE FIRST RF SIGNAL BASED ON A POWER OF THE
SECOND RF SIGNAL FOR AN ASSQCIATED
TRANSMISSION SEGMENT

i

COMPARE A POWER OF THE FIRST RF SIGNAL TO
306 ~™THE THRESHOLD TRANSMISSION POWER FOR THE
ASSOCIATED TRANSMISSION SEGMENT

l

SET A TTC STATUS FOR THE ASSOCIATED
TRANSMISSION SEGMENT BASED ON THE

308 ~~ICOMPARISON OF THE POWER FOR THE FIRST RF
SIGNAL WITH THE THRESHOLD TRANSMISSION
POWER FOR THE ASSOCIATED SEGMENT, WHEREIN
THE TTC STATUS IS USED TO SET A SWITCHING
NETWORK CONFIGURED TO COUPLE THE FIRST RF
SIGNAL TO A STAND ALONE POWER AMPLIFIER
INPUT WHEN THE TRANSMISSION POWER FOR THE
FIRST RF SIGNAL IS ABOVE THE THRESHOLD
TRANSMISSION POWER AND TO COUPLE THE FIRST
RF SIGNAL TO A SHARED POWER AMPLIFIER INPUT
WHEN THE TRANSMISSION POWER IS LESS THAN
THE FIRST THRESHOLD TRANSMISSION POWER

FIG. 3
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