ADAPTIVE ANTENNA SELECTION FOR INTERFERENCE MITIGAT ION

FIELD

[0001] The present application relates to wireless comaatioins, including adaptively

selecting antennas to reduce interference.

DESCRIPTION OF THE RELATED ART

[0002] Wireless communication systems are rapidly growimgisage. Additionally,
there exist numerous different wireless commuracatiechnologies and standards.
Some examples of wireless communication standadsde GSM, UMTS (associated
with, for example, WCDMA or TD-SCDMA air interfacggd. TE, LTE Advanced (LTE-
A), HSPA, 3GPP2 CDMA2000 (e.g., 1XRTT, 1xEV-DO, HRRHRPD), IEEE 802.11
(WLAN or Wi-Fi), IEEE 802.16 (WiIMAX), Bluetooth, Glbal Navigational Satellite
Systems (e.g., Global Positioning System (GPS), BASS, Galileo, BeiDou) and
others.

[0003] In many instances, a wireless device may implenmealtiple such wireless
communication technologies. This can lead to pa@knnterference problems, for
example if communication by one or more wirelessnemnication technologies
interferes with communication by another wirelessnmunication technology operating
in the same frequency band. Furthermore, in s@ases; even if signals used by different
wireless communication technologies do not occupmila frequency bands,
intermodulation effects of transmissions by thoseelss communication technologies

can interfere with other wireless communicatiorhtesfogies.

SUMMARY

[0004] Embodiments are presented herein of apparatussetensy, and methods for
performing antenna selection for wireless commuimoain a manner that takes into
account intermodulation and other potentially perfance degrading effects.

[0005] The techniques provided herein may, according taesembodiments, reduce

performance degradation to a wireless communicatéminnology, such as a global



navigational satellite system (GNSS), caused ®rinodulation and/or other interference
resulting from transmission by other wireless comioation technologies, such as
Cellular and Wi-Fi/Bluetooth communication techrgiés.

[0006] According to some embodiments, a wireless devicg dedermine whether there
is potential for (e.g., intermodulation) interfecerat the wireless device, for example due
to transmissions by the wireless device. For exenmpcertain wireless communication
technologies are operating on transmission fregasndhat could produce an
intermodulation product in a frequency band thaalso used (e.g., by another wireless
communication technology) by the wireless devickere may be potential for
intermodulation interference at the wireless devitfehe affected frequency band is not
in use (e.g., if the wireless communication techgypl that could use the affected
frequency band is not active, or is using a difieréequency band), the potential
intermodulation interference may not actually occtitowever, if the affected frequency
band is or may become in use, it may improve perémce to mitigate the
intermodulation interference effects.

[0007] When there is potential for intermodulation or othaterference, antenna
selection may be performed in such a manner as itigate the interference. For
example, one or more of the antennas used forrémsrhissions that could combine to
produce intermodulation interference may be seletteincrease or potentially even
provide a maximum possible isolation with respectah antenna using (or potentially
using) the affected frequency band. This may redhe impact of the intermodulation
interference, as the strength of the intermodutagimduct at the impacted antenna may
be reduced as a result of such a proactive antsziaetion process.

[0008] The techniques described herein may be implemeinteaind/or used with a
number of different types of devices, including bot limited to cellular phones, tablet
computers, wearable computing devices, portablaar@dyers, and any of various other
computing devices.

[0009] The mechanisms for mitigating interference desdriberein may be used in
conjunction with any of various types of interfecen including but not limited to

intermodulation or harmonic products, blocking efée out-of-band noise leakage, etc.



[0010] This Summary is intended to provide a brief ovesvief some of the subject
matter described in this document. Accordinglywill be appreciated that the above-
described features are merely examples and shatildenconstrued to narrow the scope
or spirit of the subject matter described hereiramy way. Other features, aspects, and
advantages of the subject matter described herdiin become apparent from the

following Detailed Description, Figures, and Claims

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A better understanding of the present subject mate be obtained when the
following detailed description of the embodimerdsconsidered in conjunction with the
following drawings, in which:

[0012] Figures 1-2 illustrate exemplary (and simplified)ireless communication

systems;

[0013] Figure 3 illustrates a block diagram of an exemplereless device;

[0014] Figure 4 illustrates a block diagram of an exemplase station;

[0015] Figure 5 is a flowchart diagram illustrating asgecf an exemplary method for
performing adaptive antenna selection to reduegnmbdulation interference;

[0016] Figure 6 is a block diagram illustrating examplépassible antenna locations of
a wireless device; and

[0017] Figures 7-8 are flowchart diagrams illustrating rapéary possible Wi-Fi antenna

selection algorithms that may reduce intermodutatiberference.

[0018] While the features described herein may be suditepts various modifications
and alternative forms, specific embodiments theazefshown by way of example in the
drawings and are herein described in detail. dukhbe understood, however, that the
drawings and detailed description thereto are m@nded to be limiting to the particular
form disclosed, but on the contrary, the intent®to cover all modifications, equivalents
and alternatives falling within the spirit and seagf the subject matter as defined by the

appended claims.



DETAILED DESCRIPTION

Terms

[0019] The following is a glossary of terms used in thsckbsure:

[0020] Memory Medium — Any of various types of non-transitory memoryides or
storage devices. The term “memory medium” is ideghto include an installation
medium, e.g., a CD-ROM, floppy disks, or tape deyia computer system memory or
random access memory such as DRAM, DDR RAM, SRABDIDERAM, Rambus RAM,
etc.; a non-volatile memory such as a Flash, magnetdia, e.g., a hard drive, or optical
storage; registers, or other similar types of mgnabements, etc. The memory medium
may include other types of non-transitory memoryna or combinations thereof. In
addition, the memory medium may be located in st ftomputer system in which the
programs are executed, or may be located in a dedifierent computer system which
connects to the first computer system over a nétwsach as the Internet. In the latter
instance, the second computer system may providgrgm instructions to the first
computer for execution. The term “memory mediundynmclude two or more memory
mediums which may reside in different locationg,,en different computer systems that
are connected over a network. The memory medium st@e program instructions
(e.g., embodied as computer programs) that mayéeugd by one or more processors.
[0021] Carrier Medium — a memory medium as described above, as wellpgysical
transmission medium, such as a bus, network, aother physical transmission medium
that conveys signals such as electrical, electrowtag or digital signals.

[0022] Programmable Hardware Element - includes various hardware devices
comprising multiple programmable function blocksnegected via a programmable
interconnect. Examples include FPGAs (Field Pnognable Gate Arrays), PLDs
(Programmable Logic Devices), FPOAs (Field Programie Object Arrays), and
CPLDs (Complex PLDs). The programmable functionckté may range from fine
grained (combinatorial logic or look up tablesktarse grained (arithmetic logic units or
processor cores). A programmable hardware elemey also be referred to as

"reconfigurable logic”.



[0023] Computer System— any of various types of computing or processpgtems,
including a personal computer system (PC), maindranmmputer system, workstation,
network appliance, Internet appliance, personataligssistant (PDA), television system,
grid computing system, or other device or comboratiof devices. In general, the term
"computer system" can be broadly defined to encesgay device (or combination of
devices) having at least one processor that exeqaguctions from a memory medium.
[0024] User Equipment (UE) (or “UE Device”) — any of various types of computer
systems devices which are mobile or portable andclwhperforms wireless
communications. Examples of UE devices include itadielephones or smart phones
(e.g., iPhone™, Android™-based phones), portablmimgg devices (e.g., Nintendo
DS™ PlayStation Portable™, Gameboy Advance™, iRty wearable devices (e.g.,
smart watch, smart glasses), laptops, PDAs, pertalérnet devices, music players, data
storage devices, or other handheld devices, atgereral, the term “UE” or “UE device”
can be broadly defined to encompass any electrodomputing, and/or
telecommunications device (or combination of desjoghich is easily transported by a
user and capable of wireless communication.

[0025] Base Station— The term "Base Station" has the full breadthitefordinary
meaning, and at least includes a wireless commumicatation installed at a fixed
location and used to communicate as part of a @sselelephone system or radio system.
[0026] Processing Element- refers to various elements or combinations emeints.
Processing elements include, for example, cirauth as an ASIC (Application Specific
Integrated Circuit), portions or circuits of indivial processor cores, entire processor
cores, individual processors, programmable hardwdevices such as a field
programmable gate array (FPGA), and/or larger postiof systems that include multiple
processors.

[0027] Channel - a medium used to convey information from a serftansmitter) to a
receiver. It should be noted that since charatiesi of the term “channel” may differ
according to different wireless protocols, the téfthannel” as used herein may be
considered as being used in a manner that is ¢ensiwith the standard of the type of

device with reference to which the term is usen sdme standards, channel widths may



be variable (e.g., depending on device capabitignd conditions, etc.). For example,
LTE may support scalable channel bandwidths fro;ddMHz to 20MHz. In contrast,
WLAN channels may be 22MHz wide while Bluetooth ihals may be 1Mhz wide.
Other protocols and standards may include differelfinitions of channels.
Furthermore, some standards may define and useptauliypes of channels, e.g.,
different channels for uplink or downlink and/offdrent channels for different uses such
as data, control information, etc.

[0028] Band - The term "band" has the full breadth of its ordynareaning, and at least
includes a section of spectrum (e.g., radio frequespectrum) in which channels are
used or set aside for the same purpose.

[0029] Automatically — refers to an action or operation performed lepmputer system
(e.g., software executed by the computer systerdgwice (e.g., circuitry, programmable
hardware elements, ASICs, etc.), without user imingctly specifying or performing the
action or operation. Thus the term "automaticalb/In contrast to an operation being
manually performed or specified by the user, whbee user provides input to directly
perform the operation. An automatic procedure baynitiated by input provided by the
user, but the subsequent actions that are perfofemgdmatically” are not specified by
the user, i.e., are not performed “manually”, whtre user specifies each action to
perform. For example, a user filling out an elecic form by selecting each field and
providing input specifying information (e.g., bypitgg information, selecting check
boxes, radio selections, etc.) is filling out tleni manually, even though the computer
system must update the form in response to the asgons. The form may be
automatically filled out by the computer system veheéhe computer system (e.g.,
software executing on the computer system) analymeselds of the form and fills in the
form without any user input specifying the answer¢he fields. As indicated above, the
user may invoke the automatic filling of the forbut is not involved in the actual filling
of the form (e.g., the user is not manually spéagyanswers to fields but rather they are
being automatically completed). The present smetibn provides various examples of

operations being automatically performed in respdonsactions the user has taken.



Figures 1 and 2 - Communication System

[0030] Figure 1 illustrates an exemplary (and simplified)reless communication
system, according to some embodiments. It is ntitatithe system of Figure 1 is one
example of a possible system, and embodiments magnplemented in any of various
systems, as desired.

[0031] As shown, the exemplary wireless communicationesgsincludes a base station
102A, which communicates over a transmission medaith one or more user devices
106A, 106B, etc., through 106N. Each of the ussiaks may be referred to herein as a
“user equipment” (UE). Thus, the user devices di@6referred to as UEs or UE devices.
[0032] The base station 102A may be a base transceivarrs{®TS) or cell site, and
may include hardware that enables wireless commatiait with the UEs 106A through
106N. The base station 102A may also be equippedrmmunicate with a network 100
(e.g., a core network of a cellular service progidetelecommunication network such as
a public switched telephone network (PSTN), andime Internet, among various
possibilities). Thus, the base station 102A maylifate communication between the
user devices and/or between the user devices anktivork 100.

[0033] The communication area (or coverage area) of tee btation may be referred to
as a “cell.” The base station 102A and the UEs m@§ be configured to communicate
over the transmission medium using any of variadior access technologies (RATS),
also referred to as wireless communication tectgie$y or telecommunication standards,
such as GSM, UMTS (WCDMA, TD-SCDMA), LTE, LTE-Adveed (LTE-A), 3GPP2
CDMA2000 (e.g., 1xRTT, 1xEV-DO, HRPD, eHRPD), Wi-FWIMAX etc.
Additionally, one or more access points (such asesx point 104) may be
communicatively coupled to the network 100. Thesey include Wi-Fi access points
configured to support cellular network offloadingdéor otherwise provide wireless
communication services as part of the wireless comaation system illustrated in
Figure 1.

[0034] As a still further (additional or alternative) pisbty, in some embodiments
multiple UEs may be able to communicate directty, éxample using a peer-to-peer

wireless communication technology such as Wi-Fr{tegeer or Bluetooth, or with one



of the UEs acting as a Wi-Fi access point. Fome{a, UE 106A and UE 106B are
illustrated as being in direct communication inufeg1.

[0035] Base station 102A and other similar base statisweh( as base stations
102B...102N) and/or access points (such as access J@) operating according to the
same or a different wireless communication standaagt thus be provided as a network
of cells, which may provide continuous or nearlytimuous overlapping service to UEs
106A-N and similar devices over a wide geographigaavia one or more wireless
communication standards.

[0036] Thus, while base station 102A may act as a “sercelf for UEs 106A-N as
illustrated in Figure 1, each UE 106 may also hgabée of receiving signals from (and
possibly within communication range of) one or mather cells (which might be
provided by base stations 102B-N and/or any otlaese stations) and/or wireless local
area networks (WLANSs), which may be referred tdresghboring cells” or "neighboring
WLANSs" (e.g., as appropriate), and/or more gengrali “neighbors”. Such neighbors
may also be capable of facilitating communicatietween user devices and/or between
user devices and the network 100. Such neighbassintlude “macro” cells, “micro”
cells, “pico” cells, "femto” cells, WLANSs, and/oelts which provide any of various other
granularities of service area size. For examp@selstations 102A-B illustrated in Figure
1 might provide macro cells, base station 102N mgbvide a micro cell, and access
point 104 might be a Wi-Fi AP which provides a WLANNote also that in some
instances, a UE (such as one of UEs 106A-N) magdveed by multiple neighboring
cells (e.g., a serving set), for example using doated multipoint (CoMP) wireless
communication. Other configurations are also faesi

[0037] At least in some instances, a UE 106 may additiprisd capable of receiving
satellite communication signals. For example, onenore of the illustrated UEs 106
may be capable of utilizing one or more global gational satellite systems (GNSS, e.g.,
GPS or GLONASS), and/or one or more other satdiiteed communication systems.
[0038] Thus, a UE 106 may be capable of communicatinggusimultiple wireless
communication technologies. For example, a UE I0@ht be configured to
communicate using two or more of GSM, UMTS, CDMARQQWVIMAX, LTE, LTE-A,



WLAN, Bluetooth, one or more global navigationatedlite systems, one and/or more
mobile television broadcasting standards (e.g., @N§H or DVB-H), etc. Other
combinations of wireless communication technologiesluding more than two wireless
communication technologies) are also possible.

[0039] Any or all of the network 100, base stations 10Zesas points 104, and/or UEs
106 illustrated in Figure 1 may be configured tgliement or support implementation of
part or all of the methods described herein, indggdnter alia, the method of Figure 5.
[0040] Figure 2 illustrates an exemplary (and simplifisgdtem in which user equipment
106 (e.g., one of the devices 106A through 106Ngjzable of using (e.g., concurrently
and/or at different times) multiple wireless comneation technologies. The UE 106
may be any of various types of device, such as hilmphone, a hand-held device, a
computer or a tablet, or virtually any type of @ss device.

[0041] The UE 106 may include a processor that is condiguio execute program
instructions stored in memory. The UE 106 may qrenf any of the method
embodiments described herein by executing suclkedtoistructions. Alternatively, or in
addition, the UE 106 may include a programmablelvare element such as an FPGA
(field-programmable gate array) that is configured perform any of the method
embodiments described herein, or any portion of ahythe method embodiments
described herein.

[0042] The UE 106 may be configured to communicate usimg @ multiple radio
access technologies / wireless communication potgaocAs one possibility, the UE 106
may be configured to communicate using at leastcetialar communication technology,
at least one wireless local area network technologyd at least one satellite
communication technology. For example, as showa, WE 106 may be capable of
communicationg with one or more satellites 110.(eagcording to one or more GNSS
technologies), one or more cellular base statidd® (&.g., according to one or more
cellular communication technologies), and/or onemmre devices 108 available via a
wireless local area network (e.g., according to ensmore WLAN technologies). Other

combinations of wireless communication technologiesalso possible.



[0043] The UE 106 may include one or more antennas fornmonicating using the
wireless communication protocols or technologids. one embodiment, the UE 106
might be configured to communicate using eitheC®MA2000 (1xRTT / 1XEV-DO /
HRPD / eHRPD) or LTE using a single shared radd/@nGSM or LTE using the single
shared radio. The shared radio may couple toglesantenna, or may couple to multiple
antennas (e.g., for MIMO) for performing wirelessranunications. In general, a radio
may include any combination of a baseband processwlog RF signal processing
circuitry (e.g., including filters, mixers, osciltas, amplifiers, etc.), or digital processing
circuitry (e.g., for digital modulation as well ather digital processing). Similarly, the
radio may implement one or more receive and transhains using the aforementioned
hardware. For example, the UE 106 may share onmaaoe parts of a receive and/or
transmit chain between multiple wireless commuincatechnologies, such as those
discussed above.

[0044] In some embodiments, the UE 106 may include separabhsmit and/or receive
chains (e.g., including separate RF and/or digaaio components) for each wireless
communication protocol with which it is configuread communicate. As a further
possibility, the UE 106 may include one or moreidadhat are shared between multiple
wireless communication protocols and one or modeogathat are used exclusively by a
single wireless communication protocol. For examphe UE 106 might include a
shared radio for communicating using either of LAm# 1XRTT (or LTE or GSM), and
separate radios for communicating using each oFWanrd GNSS. Other configurations

are also possible.

Figure 3 — Exemplary Block Diagram of a UE

[0045] Figure 3 illustrates an exemplary block diagranadfE 106, according to some
embodiments. As shown, the UE 106 may includestesy on chip (SOC) 300, which
may include portions for various purposes. Fom@Xe, as shown, the SOC 300 may
include processor(s) 302, which may execute progrestnuctions for the UE 106, and
display circuitry 304, which may perform graphieegessing and provide display signals

to the display 360. The processor(s) 302 may ladésgoupled to memory management
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unit (MMU) 340, which may be configured to receiaddresses from the processor(s)
302 and translate those addresses to locationemony (e.g., memory 306, read only
memory (ROM) 350, NAND flash memory 310) and/omotber circuits or devices, such
as the display circuitry 304, wireless communiagatmrcuitry 330, connector I/F 320,
and/or display 360. The MMU 340 may be configu@gerform memory protection and
page table translation or set up. In some embadsnéhe MMU 340 may be included as
a portion of the processor(s) 302.

[0046] As shown, the SOC 300 may be coupled to variousratiicuits of the UE 106.
For example, the UE 106 may include various tygesi@mory (e.g., including NAND
flash 310), a connector interface 320 (e.g., fauptiog to a computer system, dock,
charging station, etc.), the display 360, and wsgl communication circuitry (e.g.,
radio(s)) 330 (e.g., for LTE, Wi-Fi, GPS, etc.).

[0047] The UE device 106 may include at least one antegma,in some embodiments
multiple antennas, for performing wireless commatian with base stations and/or other
devices. For example, the UE device 106 may usnaa(s) 335 to perform the wireless
communication. As noted above, the UE 106 may defigured to communicate
wirelessly using multiple wireless communicatioangtards in some embodiments.
[0048] As described further subsequently herein, the U& rh@y include hardware and
software components for implementing part or althed methods described herein. The
processor(s) 302 of the UE device 106 may be corddyto implement part or all of the
methods described herein, e.g., by executing pnogrstructions stored on a memory
medium (e.g., a non-transitory computer-readablemang medium). In other
embodiments, processor(s) 302 may be configuredmegrammable hardware element,
such as an FPGA (Field Programmable Gate Arrayasa@n ASIC (Application Specific
Integrated Circuit). Alternatively (or in additiotle processor(s) 302 of the UE device
106, in conjunction with one or more of the othemponents 300, 304, 306, 310, 320,
330, 335, 340, 350, 360 may be configured to implanpart or all of the features

described herein.

Figure 4 — Exemplary Block Diagram of a Base Statio
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[0049] Figure 4 illustrates an exemplary block diagrana bfase station 102, according to
some embodiments. It is noted that the base stafiigure 4 is merely one example of
a possible base station. As shown, the base rsth@@ may include processor(s) 404,
which may execute program instructions for the lsiadon 102. The processor(s) 404
may also be coupled to memory management unit (MKAQD), which may be configured
to receive addresses from the processor(s) 404ranslate those addresses to locations
in memory (e.g., memory 460 and read only memo®NR 450) or to other circuits or
devices.

[0050] The base station 102 may include at least one mktpart 470. The network port
470 may be configured to couple to a telephone owdtvand provide a plurality of
devices, such as UE devices 106, access to thghtele network as described above in
relation to Figures 1 and 2.

[0051] The network port 470 (or an additional network pamty also or alternatively be
configured to couple to a cellular network, e.g.cae network of a cellular service
provider. The core network may provide mobilityated services and/or other services
to a plurality of devices, such as UE devices 106some cases, the network port 470
may couple to a telephone network via the core odtwand/or the core network may
provide a telephone network (e.g., among other @Eicgs serviced by the cellular
service provider).

[0052] The base station 102 may include at least one aatéB4, and possibly multiple
antennas. The antenna(s) 434 may be configureddrmate as a wireless transceiver and
may be further configured to communicate with UEvides 106 via wireless
communication circuitry 430. The antenna(s) 434ncwnicates with the wireless
communication circuitry 430 via communication chd®2. Communication chain 432
may be a receive chain, a transmit chain or botln some implementations,
communication chain 432 may include multiple reeethains, multiple transmit chains,
or both. The wireless communication circuitry 48@y be configured to communicate
via various wireless telecommunication standardsluding, but not limited to, LTE,
LTE-A, UMTS, CDMA2000, Wi-Fi, etc.

12



[0053] The BS 102 may be configured to communicate wisifassing multiple wireless
communication standards. In some instances, the $iation 102 may include multiple
radios, which may enable the base station 102 tonmanicate according to multiple
wireless communication technologies. For examaéepne possibility, the base station
102 may include an LTE radio for performing comnuation according to LTE as well
as a Wi-Fi radio for performing communication ackog to Wi-Fi. In such a case, the
base station 102 may be capable of operating lasreit both of an LTE base station and
a Wi-Fi access point. As another possibility, Hase station 102 may include a multi-
mode radio, which is capable of performing commatans according to any of multiple
wireless communication technologies (e.g., LTE AfieFi).

[0054] The BS 102 may include hardware and software coensrfor implementing or
facilitating implementation of part or all of theethods described herein. The
processor(s) 404 of the base station 102 may bégooed to implement or support
implementation of part or all of the methods ddsexuli herein, e.g., by executing program
instructions stored on a memory medium (e.g., a-tremmsitory computer-readable
memory medium). Alternatively, the processor(s)4 4thay be configured as a
programmable hardware element, such as an FPGHAI (Fiegrammable Gate Array), or
as an ASIC (Application Specific Integrated Cirguior a combination thereof.
Alternatively (or in addition) the processor(s) 4ff4the BS 102, in conjunction with one
or more of the other components 430, 432, 434, 480, 460, 470 may be configured to

implement or support implementation of part orodlthe features described herein.

Figure 5 - Communication Flow Diagram

[0055] Figure 5 is a communication / signal flow diagrdimstrating an example method
for adaptively performing antenna selection to cedinterference at a wireless device,
according to some embodiments. Aspects of the adath Figure 5 may be implemented
by a wireless device such as UE 106 illustrateahich described with respect to Figures 1-
3, or more generally in conjunction with any of ttenputer systems or devices shown in

the above Figures, among other devices, as desired.
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[0056] In various embodiments, some of the elements ofntie¢thod shown may be
performed concurrently, in a different order th&wown, may be substituted for by other
method elements, or may be omitted. Additionamelsts may also be performed as
desired. As shown, the method may operate asifsllio

[0057] The wireless device may determine whether an irdadutation product of its
transmissions is in a frequency band also usetbast at some times, by the wireless
device (502). Note that a frequency band subgepbssible intermodulation interference
from such intermodulation product(s) may be reféne as a "victim" frequency band
herein, at least in some instances. At leastimesembodiments, the determination may
include determining whether an intermodulation madof transmissions according to
first and second wireless communication technoképdls in a frequency band used by
the wireless device for communication accordingatahird wireless communication
technology. Note that the wireless communicatiechhologies may include any of
various possible wireless communication technokgieAs one possibility, the first
wireless communication technology may be a wirelesal area networking (WLAN)
technology (such as Wi-Fi), while the second wssleommunication technology may be
a cellular communication technology (such as GSMITS, CDMA2000, LTE, LTE-A,
etc.), and the third wireless communication techggplmay be a global navigational
satellite system (GNSS) technology (such as GloBakitioning System (GPS),
GLONASS, Galileo, and/or BeiDou). Two of more afch technologies might be
concurrently active, e.g., in a scenario in whickvieeless device uses a cellular data
connection to provide a mobile Wi-Fi hotspot amsbgbrovides GNSS based navigation,
for example while in a motor vehicle, among varicatber possible scenarios. As
another possibility, cellular and Bluetooth intexduotation could cause interference to
GNSS, for example in a scenario in which a wireldssice uses a cellular voice
connection (e.g., VOLTE) in conjunction with a Blaeth headset while also providing
GNSS based navigation. As a still further possihiWi-Fi (e.g., in the 5 GHz band) and
Bluetooth intermodulation could cause interferetac&NSS, for example in a scenario in
which a wireless device is providing visual GNSSdghnavigation information over a

Wi-Fi connection to a vehicle-based display dewand also providing audio GNSS based
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navigation information to a Bluetooth audio devi¢@ther technologies / combinations of
technologies are also possible.

[0058] In some embodiments, the wireless device may alsdternatively determine that
another type of interference, such as interferenaesed by a harmonic of a
communication frequency, falls in a frequency batsd used by the wireless device. For
example, as one possibility, the LTE B13 secondnloaic could fall in a GNSS band,
such that communication on the LTE band could gty cause performance
degradation to GNSS communication. An example ohsuscenario would be a cellular
voice connection (e.g., VOLTE) in conjunction witoviding GNSS based navigation.
[0059] At least in some embodiments, determining whetmemgermodulation or other
product of transmissions by the wireless devicematng to first and/or second wireless
communication technologies falls in a frequencydased by the wireless device for
communication according to a third wireless comroation technology may include
several aspects. For example, the wireless devagedetermine whether each of the first
and second wireless communication technology isecand if so, which frequency (or
frequencies) is (are) in use by each of the finseless communication technology and
the second wireless communication technology. Siatarmination of frequencies used
in conjunction with the first and second wirelessnenunication technologies may be at
any desired level of granularity. For example, fitegjuencies determined may be those
associated with specific channels (e.g., centguigacy of an LTE channel on which the
wireless device is camped and/or of a Wi-Fi charoieh Wi-Fi network of which the
wireless device is a member) or frequency ranges, (eands) currently associated with
the first and second wireless communication teatgies. As another possibility, in
some instances the frequencies determined may dmfispto transmission operations.
For example, such determination might include deiteng a frequency for transmitting
according to the first wireless communication tedbgy (a "first transmission
frequency"”) and determining a frequency for transng according to the second
wireless communication technology (a "second trassion frequency”).

[0060] Based on the frequencies being used for the firsi @econd wireless

communication technologies, it may be possible tetemnine any possible
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intermodulation products, harmonics, or other potsithat might be generated by the use
of those frequencies. This may include calculajpogsible intermodulation products
using one or more formulas based on the transmigstguencies of the first and second
wireless communication technologies, referring to l@k-up table in which
intermodulation products associated with certaangmission frequency combinations
and/or harmonics associated with certain transonssequencies are indicated, or any of
various other possible techniques for determinioggsgble interference .

[0061] Once the possible product(s) of communications raceg to the first and second
wireless communication technologies have been mgted, it may be possible to
determine whether any such product(s) might interf@th communication according to
the third wireless communication technology. Fotaraple, the third wireless
communication technology may operate in one or niicgguency bands, and it may be
possible to compare the frequencies of each detednintermodulation, harmonic, or
other product(s) with the frequency band(s) usedhgythird wireless communication
technology. Such a comparision may be performetyumy desired level of granularity,
potentially including determining whether a spexifiequency of a product matches a
specific frequency channel used (currently or imegal) by the third wireless
communication technology, determining whether thisr@verlap between a range of
frequencies of possible products and a frequenog hsed (currently or in general) by
the third wireless communication technology, andésing any of various possible
granularities for comparing frequencies.

[0062] Note that it may also be possible for the wireldssgice to determine whether a
product of transmissions according to first andéecond wireless communication
technologies is in a frequency band used by a thirdless communication technology
without directly comparing frequencies of produetith frequencies used by the third
communication technology. For example, as preWonsted, a look-up table may be
used in conjunction with individual frequencies amdfrequency combinations of the
first and/or second wireless communication techgiel If desired, such a look-up table
could directly indicate that certain transmissioregfiencies and/or transmission

frequency combinations may potentially result irtefference to the third wireless
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communication technology, e.g., in addition tortead of providing an indication of the
intermodulation, harmonic, etc. products of thaa@gmission frequencies and frequency
combinations. Other such techniques are also lplessi

[0063] At least in some embodiments, it may also be detehif the third wireless
communication technology is active, and/or moreegalty if the victim frequency band
is currently being used by the wireless device Y5or example, it may be determined
if a module providing functionality according toeththird wireless communication
technology is active, and/or more specifically tiedtmine a frequency and/or frequency
band currently being used to communicate accorttirige third wireless communication
technology.

[0064] Based at least in part on determining whether fietence due to communication
by the wireless device may be in a frequency baset by the wireless device, the
wireless device may perform antenna selection fier ¢dommunication (506). Such
antenna selection may also possibly be based sttile@art on determining whether the
victim frequency band is currently being used bge thireless device (such as by
determining if a wireless communication technoldbgt uses that frequency band is
active), however, it should be noted that anterglacion may be impacted by the
determination of whether any intermodulation andharmonic products have the
potential to cause interference even if no inforarats collected or available regarding
whether the frequency or frequencies that mightaffected by such interference are
actively being used, if desired. For example, @yrbe possible (e.g., for implementation
simplicity) to implement interference mitigating tanna selection techniques even
without specific knowledge of whether a potentiaitim frequency band is currently in
use.

[0065] Antenna selection may include selecting one or namtennas for transmitting
according to the first wireless communication teitbgy and/or selecting one or more
antennas for transmitting according to the secomdlegss communication technology.
As one possibility, antenna selection may be peréat in a first manner if no potentially
interfering products fall in a frequency band ubgdhe wireless device, and in a second

manner if a potentially interfering product doedl fa a frequency band used by the
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wireless device. As another possibility, antenelecion may be performed in a first
manner if no potentially interfering products fall a frequency band used by the third
wireless communication technology or if the thirdeless communication technology is
not currently active, and in a second manner ibtetially interfering product falls in a
frequency band used by the third wireless commtioicaechnology and if the third
wireless communication technology is currently\aeti

[0066] The first manner of antenna selection (e.g., therara selection process when
there is not potential for interference) may inéusklecting antennas for transmitting
according to the first and second wireless comnatitio technology without regard for
reducing or mitigating the interference effectstlodse transmissions. In at least some
instances, this may include selecting a multi-amemode, selecting an antenna or
antennas with good signal strength and/or qualigracteristics in current conditions,
and/or otherwise improving performance (e.g., tghqut, latency, power consumption)
of the first and second wireless communicationnebigies.

[0067] The second manner of antenna selection (e.g. nie@@a selection process when
there is potential for interference) may includdesgng antennas for transmitting
according to the first and second wireless comnatiun technology in a manner that
similarly includes performance related consideretiassociated with the first and second
wireless communication technologies, but may furtiheclude considerations for
reducing / mitigating the interference effects lodde transmissions. This may include
switching one or both of the first and second veissl communication technologies from
multi-antenna modes to single-antenna modes (&#.quot already in single antenna
mode), as one possibility. As another possibilitys may include selecting an antenna
for at least one of the first and second wirelesaraunication technologies that provides
increased isolation to an antenna (or antennas) géhe third wireless communication
technology. Note that the antenna(s) that proti@demost isolation may depend on the
architecture of the wireless device, for exampeeddmg on the total number of
antennas, distance between antennas, antennazptitarj device materials and their
properties, etc. In some instances, the seconchenaf antenna selection may include

consideration of which antenna combinations reduceminimize an amount of receiver
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desensitization to the third wireless communicatiechnology, and such an antenna
combination may be selected.

[0068] Once antenna selection is complete, the wirelesscelanay transmit signals

according to the first and second wireless comnaiign technologies using the selected
antennas. Since the antenna selection processbmadyiased to reduce / mitigate
interference to the third wireless communicatiochtelogy when there is potential for
such interference, the amount of such interferaraaesed by the mixing product(s) of
such transmissions may be reduced, e.g., in ralatm other possible antenna

combinations.

Figures 6-8 - Additional information

[0069] Figures 6-8 and the information provided hereirolein conjunction therewith
are provided by way of example of various consiti@na and details relating to possible
systems in which the method of Figure 5 and/or ro#fspects of this disclosure may be
implemented, and are not intended to be limitinthedisclosure as a whole. Numerous
variations and alternatives to the details provideckin below are possible and should be
considered within the scope of the disclosure.

[0070] In a wireless device with cellular, Wi-Fi, and GN&&nmunication capability, it
is possible that when both cellular and Wi-Fi angnare transmitting simultaneously,
certain cellular and Wi-Fi band combinations mayseaintermodulation products to fall
into the GNSS band and degrade GNSS performance.exXample, a scenario might
occur in which a cellular transmission is beingf@ened at 851.6 MHz (e.g., LTE B20
Ch24346) and a Wi-Fi transmission is being perfatna¢ 2427 MHz (e.g., Wi-Fi
Channel 4). One intermodulation product resulfiogn such transmissions may include
1575.4 MHz (Wi-Fi Tx - Cell Tx = 2427 - 851.6 = 1%4), which may affect GPS
communications occurring at 1575.42 MHz. As anoth@mple, a scenario might occur
in which a cellular transmission is being performad1872.3 MHz (e.g., LTE B2
Ch18823) and a Wi-Fi transmission is being perfatna 5320 MHz (e.g., Wi-Fi

Channel 64). One intermodulation product resultingm such transmissions may
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include 1575.4 MHz (Wi-Fi Tx - 2*Cell Tx = 5320 *@872.3) = 1575.4), which may
affect GPS communications occurring at 1575.42 MHz.

[0071] The isolation between the cellular, Wi-Fi, and GN®fennas may be a key factor
in determining the amount of performance degradatiocGNSS receiver will suffer in
such scenarios. For example, poor isolation msylrén worse GNSS performance.
[0072] Figure 6 is a block diagram illustrating an exampilg@possible antenna locations
within a multi-radio device 602. In the illustrdtexample, the wireless device 602
includes one GNSS antenna 604, two Wi-Fi antenfés &®8, and two cellular antennas
610, 612.

[0073] In such a system with multiple cellular and Wi-Riennas (e.g., a device capable
of Wi-Fi MIMO), certain antennas may have betteolation than others. In the
illustrated example, Wi-Fi antenna 606 has rel&fip@or isolation while Wi-Fi antenna
608 has relatively good isolation. Thus, undecwinstances in which there is potential
for intermodulation interference or other interfaze effects to affect reception of GNSS
communications, it may reduce such interferencgetect Wi-Fi and/or cellular antennas
that provide greater isolation, potentially inclugliswitching to SISO mode if not already
so configured.

[0074] Accordingly, Figures 7 and 8 are flowchart diagralustrating exemplary Wi-Fi
antenna selection algorithms for a wireless dewaéh Wi-Fi active to reduce
interference to GNSS when GNSS activity informatisnavailable and when GNSS
activity information is not available respectively.

[0075] According to the method of Figure 7, as shown,alyrbe determined if a cellular
radio of the wireless device is active (702). hi tellular radio of the wireless device is
active, it may be determined if the combinatioatFi and cellular bands used combine
in a way that degrades GNSS performance (704)thdfcombination of Wi-Fi and
cellular transmit frequencies does generate an [M@luct in a GNSS band, it may be
determined if a GNSS radio of the wireless devicadtive (706). If the GNSS radio of
the wireless device is active, the wireless dewiey apply IMD interference mitigation
considerations to the Wi-Fi antenna selection, maty including switching Wi-Fi to

single antenna transmit mode (e.g., if applical@ey/or selecting a Wi-Fi transmit
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antenna that reduces or minimizes GNSS performdageadation (708). If the cellular
radio of the wireless device is not active, orhé tcombination of Wi-Fi and cellular
transmit frequencies does not generate an IMD mioidua GNSS band, or if the GNSS
radio of the wireless device is not active, thesleiss device may continue its normal Wi-
Fi operation, potentially including using MIMO coramication techniques (710).

[0076] According to the method of Figure 8, as shown,alyrhe determined if a cellular
radio of the wireless device is active (802). hi tellular radio of the wireless device is
active, it may be determined if the combinatioW\GtFi and cellular bands used combine
in a way that degrades GNSS performance (804)thdfcombination of Wi-Fi and
cellular transmit frequencies does generate an fvtialuct in a GNSS band, the wireless
device may apply IMD interference mitigation cores@tions to the Wi-Fi antenna
selection, potentially including switching Wi-Fi single antenna transmit mode (e.g., if
applicable) and/or selecting a Wi-Fi transmit angerthat reduces or minimizes GNSS
performance degradation (806). If the cellulaioaaf the wireless device is not active,
or if the combination of Wi-Fi and cellular trangnfiequencies does not generate an
IMD product in a GNSS band, the wireless device mamtinue its normal Wi-Fi
operation, potentially including using MIMO commaation techniques (808).

[0077] Note that while Figures 7 and 8 relate to Wi-Fieama selection, a similar
algorithm for performing cellular antenna selecticould also or alternatively be
implemented, and/or an algorithm that encompasséls tellular and Wi-Fi antenna
selection could be implemented, if desired. Irt,fécmultiple antennas are being used
for GNSS reception, an algorithm that encompaseé#slar, Wi-Fi and GNSS antenna
selection could be implemented if desired.

[0078] By performing antenna selection in such a mannat ititerference is mitigated
(e.g., by selecting an antenna combination withdgeolation whenever there is potential
for intermodulation inteference), the maximum pbksijammer noise density to be
expected by GNSS may effectively be reduced. Tay in turn allow the GNSS block
to use a lower (and potentially more accurate) j@amnoise density estimate in such
scenarios, which may further improve GNSS perforreaat least in some embodiments.

[0079] In the following further exemplary embodiments previded.
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[0080] One set of embodiments may include an apparatusprsing: a processing
element; wherein the processing element is cordgjuto: determine that an
intermodulation product of transmissions accorditey first and second wireless
communication technologies is in a frequency barskdu by a third wireless
communication technology; and select one or moterayas used for the transmissions
according to the first and second wireless comnaiitic technologies based at least in
part on determining that an intermodulation prodafdhe transmissions according to the
first and second wireless communication technob@édn a frequency band used by the
third wireless communication technology. According some embodiments, the
processing element is further configured to: deteemwhether the third wireless
communication technology is active; and selectdhe or more antennas used for the
transmissions according to the first and seconcless communication technologies
based at least in part on determining that anrmelulation product of the transmissions
according to the first and second wireless comnatiuin technologies is in a frequency
band used by the third wireless communication teldgy if the third wireless
communication technology is active, wherein sehecthe one or more antennas used for
the transmissions according to the first and se@aneless communication technologies
is not affected by determining that an intermodafatproduct of the transmissions
according to the first and second wireless comnatinin technologies is in a frequency
band used by the third wireless communication teldgy if the third wireless
communication technology is not active.

[0081] According to some embodiments, the first wirelessimunication technology is
a wireless local area networking (WLAN) technologyhe second wireless
communication technology is a cellular communigatiechnology, and the third wireless
communication technology is a global navigatiorzdéBite system (GNSS) technology).
[0082] According to some embodiments, to select one orenamtennas used for the
transmissions according to the first and seconcless communication technologies
based at least in part on determining that anrmelulation product of the transmissions
according to the first and second wireless comnatiuin technologies is in a frequency

band used by the third wireless communication teldgy, the processing element is
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further configured to: select the one or more amisnused for the transmissions
according to the first and second wireless comnatitio technologies to reduce
performance degradation to the third wireless comoation technology caused by the
intermodulation product.

[0083] According to some embodiments, to select one orenamtennas used for the
transmissions according to the first and seconcless communication technologies
based at least in part on determining that anrmelulation product of the transmissions
according to the first and second wireless comnatiuin technologies is in a frequency
band used by the third wireless communication teldgy, the processing element is
further configured to: select the one or more amisnused for the transmissions
according to the first and second wireless comnaiimn technologies to provide
increased isolation for an antenna used by thd thireless communication technology.
[0084] According to some embodiments, to select one orenamtennas used for the
transmissions according to the first and seconcless communication technologies
based at least in part on determining that anrmelulation product of the transmissions
according to the first and second wireless comnaiimn technologies is in a frequency
band used by the third wireless communication teldgy, the processing element is
further configured to: switch at least one of thistfwireless communication technology
or the second wireless communication technologgnfeomulti-antenna communication
mode to a single-antenna communication mode.

[0085] An additional exemplary set of embodiments may udel a wireless user
equipment (UE) device, comprising: a plurality otennas; one or more radios coupled
to the plurality of antennas; and a processing efgraperably coupled to the one or more
radios; wherein the UE device is configured to:edmine whether an intermodulation
product of cellular and Wi-Fi communication by tb& device is in a frequency band
used by the UE device for global navigational $igdesystem (GNSS) communication;
select one or more antennas for one or more afilaelor Wi-Fi communication by the
UE device based at least in part on determiningtidrean intermodulation product of

cellular and Wi-Fi communication by the UE devisein a frequency band used by the
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UE device for GNSS communication; and transmit Weignals and cellular signals
using the selected one or more antennas.

[0086] According to some embodiments, the UE device ith&urconfigured to: select
the one or more antennas for one or more of celbdaVi-Fi communication in a first
manner if no intermodulation product of celluladawi-Fi communication by the UE
device is in a frequency band used by the UE defoaceGNSS communication; and
select the one or more antennas for one or mocelbflar or Wi-Fi communication in a
second manner if an intermodulation product ofutetland Wi-Fi communication by the
UE device is in a frequency band used by the Ukcddor GNSS communication.

[0087] According to some embodiments, the UE device igh@&ir configured to:
determine whether a GNSS module of the UE devieetive; wherein selecting the one
or more antennas for one or more of cellular orRMtommunication by the UE device is
further based at least in part on determining wereshGNSS module of the UE device is
active.

[0088] According to some embodiments, the UE device ith&rconfigured to: select
the one or more antennas for one or more of celbdaVi-Fi communication in a first
manner if no intermodulation product of cellulardawi-Fi communication by the UE
device is in a frequency band used by the UE delacéNSS communication or if no
GNSS module of the UE device is active; and se¢lextone or more antennas for one or
more of cellular or Wi-Fi communication in a secomdhnner if an intermodulation
product of cellular and Wi-Fi communication by tb& device is in a frequency band
used by the UE device for GNSS communication aBiN&S module of the UE device is
active.

[0089] According to some embodiments, to select the onmare antennas for one or
more of cellular or Wi-Fi communication by the UBvite in the second manner, the UE
device is further configured to: select a singléeeana mode for Wi-Fi communication;
and select an antenna for Wi-Fi communication vgtbatest isolation from a GNSS
antenna.

[0090] According to some embodiments, to determine wheterintermodulation

product of cellular and Wi-Fi communication by tb& device is in a frequency band
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used by the UE device for GNSS communication, tkedevice is configured use one or
more of. a lookup table indicating intermodulatipnoducts of selected frequency
combinations; or one or more formulas for calcualgtintermodulation products of
frequency combinations.

[0091] According to some embodiments, the UE device ith&rrconfigured to: select an
antenna combination that causes a lowest amourgceiver desensitization to GNSS
communication among possible antenna combinatiéng is determined that an

intermodulation product of cellular and Wi-Fi comnization is in a frequency band used
by the UE device for GNSS communication.

[0092] A further set of exemplary embodiments may incladeon-transitory computer

accessible memory medium comprising program instns that, when executed by a
wireless user equipment (UE) device, cause the WBEicd to: determine a first

transmission frequency for transmitting accordingat first wireless communication
technology; determine a second transmission freqyuéor transmitting according to a
second wireless communication technology; calculate or more intermodulation

products of the first transmission frequency and #econd transmission frequency;
determine whether any of the one or more intermaichri products are in a frequency
band associated with a third wireless communicatemhnology;determine an activity
status of the third wireless communication techgglgoerform antenna selection for
transmitting signals according to at least one loé first wireless communication

technology or the second wireless communicatiohrtelogy to reduce interference to
the third wireless communication technology frone thne or more intermodulation
products if the third wireless communication tedbgyg is active and the one or more
intermodulation products are in a frequency bansb@ated with the third wireless
communication technology.

[0093] According to some embodiments, to perform antenakcson to reduce

interference to the third wireless communicatiooht®logy from the one or more
intermodulation products, the program instructitimgher cause the UE device to: switch

from a multi-antenna transmission mode to a siagienna transmission mode for at
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least one of the first wireless communication tetbgy or the second wireless
communication technology.

[0094] According to some embodiments, to perform antenakcson to reduce
interference to the third wireless communicatiooht®logy from the one or more
intermodulation products, the program instructitursher cause the UE device to: select
a transmission antenna for at least one of thevingless communication technology or
the second wireless communication technology thaviges increased isolation to an
antenna used to receive signals according to thel tvireless communication
technology.

[0095] According to some embodiments, the first transraissrequency is associated
with a frequency channel associated with the fivgeless communication technology,
and the second transmission frequency is assoamtada frequency channel associated
with the second wireless communication technology.

[0096] According to some embodiments, the first wirelessimunication technology is
Wi-Fi, wherein to perform antenna selection to m&interference to the third wireless
communication technology from the one or more mtatulation products, the program
instructions further cause the UE device to: swM¢ihFi from multiple input multiple
output (MIMO) mode to single output single inpul§9) mode; and select a Wi-Fi
antenna among a plurality of available Wi-Fi aneshthat provides greatest isolation to
an antenna used to receive signals according tothind wireless communication
technology.

[0097] According to some embodiments, the program instostfurther cause the UE
device to: perform antenna selection for transngttsignals according to the first
wireless communication technology and the secondlegs communication technology
without regard to reducing interference to thedhaireless communication technology
from the one or more intermodulation products ifn@oof the one or more
intermodulation products are in a frequency bansbeated with the third wireless
communication technology.

[0098] According to some embodiments, the program instostfurther cause the UE

device to: perform antenna selection for transmgttsignals according to the first
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wireless communication technology and the secondlegs communication technology
without regard to reducing interference to thedhiireless communication technology
from the one or more intermodulation products i€ tihird wireless communication
technology is not active.

[0099] Embodiments of the present disclosure may be eshliz any of various forms.
For example some embodiments may be realized asnputer-implemented method, a
computer-readable memory medium, or a computeesyst Other embodiments may be
realized using one or more custom-designed harddeariees such as ASICs. Still other
embodiments may be realized using one or more anograble hardware elements such
as FPGAs.

[00100] In some embodiments, a non-transitory computeraigi@d memory
medium may be configured so that it stores progir@structions and/or data, where the
program instructions, if executed by a computetesys cause the computer system to
perform a method, e.g., any of a method embodimeetscribed herein, or, any
combination of the method embodiments describediteor, any subset of any of the
method embodiments described herein, or, any catibmof such subsets.

[00101] In some embodiments, a device (e.g., a UE 106) beagonfigured to
include a processor (or a set of processors) ameéraory medium, where the memory
medium stores program instructions, where the psmreis configured to read and
execute the program instructions from the memorydiome, where the program
instructions are executable to implement any of #agious method embodiments
described herein (or, any combination of the metamibodiments described herein, or,
any subset of any of the method embodiments destiierein, or, any combination of
such subsets). The device may be realized in aagradus forms.

[00102] Although the embodiments above have been desciibednsiderable detail,
numerous variations and modifications will beconppaaent to those skilled in the art
once the above disclosure is fully appreciateds ibtended that the following claims be

interpreted to embrace all such variations and fioadions.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:

a processing element configured to:

determine that simultaneous communication ofs fiireless communication
technology and a second wireless communicatiomt#olyy causes performance
degradation to a third wireless communication tebbgy; and

select one or more antennas used for the simoltsneommunication of the first
wireless communication technology and the secomelegs communication technology
based at least in part on determining that the lsimeous communication of the first
wireless communication technology and the secomel@gs communication technology

causes performance degradation to the third wseleexmunication technology.

2. The apparatus of claim 1, wherein the procgssiement is further configured
to:

determine that the third wireless communicatiahi®logy is active; and

select the one or more antennas used for the tsinedus communication of the
first wireless communication technology and theosecwireless communication
technology based at least in part on determiniagttie simultaneous communication of
the first wireless communication technology andgbeond wireless communication
technology causes performance degradation to ttteviireless communication

technology when the third wireless communicatiaht®logy is active.

3. The apparatus of claim 1,

wherein the first wireless communication technglogmprises a wireless local
area networking (WLAN) technology,

wherein the second wireless communication teclgyobomprises a cellular

communication technology,
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wherein the third wireless communication technglogmprises a global

navigational satellite system (GNSS) technology).

4. The apparatus of claim 1, wherein to selectaymaore antennas used for the
simultaneous communication of the first wirelessiowinication technology and the
second wireless communication technology basegbat in part on determining that the
simultaneous communication of the first wirelessiowinication technology and the
second wireless communication technology causderpance degradation to the third
wireless communication technology, the processiegent is further configured to:

select the one or more antennas used for the tsinedus communication of the
first wireless communication technology and theoselcwireless communication
technology to reduce performance degradation wespect to the third wireless

communication technology.

5. The apparatus of claim 1, wherein to selectaymaore antennas used for the
simultaneous communication of the first wirelessiomunication technology and the
second wireless communication technology baseebat in part on determining that the
simultaneous communication the first wireless comitation technology and the second
wireless communication technology causes perforedegradation to the third wireless
communication technology, the processing elemefurieer configured to:

select the one or more antennas used for thdtaime@us communication of the
first wireless communication technology and theosecwireless communication
technology to provide increased isolation for ateana used by the third wireless

communication technology.

6. The apparatus of claim 1, wherein to seleet@mmore antennas used for the
simultaneous communication of the first wirelessiowinication technology and the
second wireless communication technology baseebat in part on determining that the

simultaneous communication of the first wirelessiowinication technology and the
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second wireless communication technology causdsrpance degradation to the third

wireless communication technology, the processiagent is further configured to:
switch at least one of the first wireless commatian technology or the second

wireless communication technology from a multi-ami& communication mode to a

single-antenna communication mode.

7. A wireless user equipment (UE) device, conipgis
a plurality of antennas;
one or more radios coupled to the plurality okanias; and
a processing element operably coupled to the on®oee radios;
wherein the UE device is configured to:
determine whether an intermodulation productetiutar and Wi-Fi
communication by the UE device is in a frequenaybased by the UE device for global
navigational satellite system (GNSS) communication;
select one or more antennas for one or morellofaeor Wi-Fi
communication by the UE device based at leastihgradetermining whether an
intermodulation product of cellular and Wi-Fi commization by the UE device is in a
frequency band used by the UE device for GNSS comigation; and
transmit Wi-Fi signals and cellular signals usihg selected one or more

antennas.

8. The UE device of claim 7, wherein the UE devgfurther configured to:

select the one or more antennas for one or macellflar or Wi-Fi
communication in a first manner if no intermoduwatproduct of cellular and Wi-Fi
communication by the UE device is in a frequenaydbased by the UE device for GNSS
communication; and

select the one or more antennas for one or macellfiar or Wi-Fi
communication in a second manner if an intermodaigtroduct of cellular and Wi-Fi
communication by the UE device is in a frequenaydbased by the UE device for GNSS

communication.
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9. The UE device of claim 7, wherein the UE devgfurther configured to:

determine whether a GNSS module of the UE degieetive,

wherein selecting the one or more antennas foooneore of cellular or Wi-Fi
communication by the UE device is further basdéastt in part on determining whether

a GNSS module of the UE device is active.

10. The UE device of claim 9, wherein the UE devs further configured to:

select the one or more antennas for one or macelloflar or Wi-Fi
communication in a first manner if no intermodudatproduct of cellular and Wi-Fi
communication by the UE device is in a frequenaydoased by the UE device for GNSS
communication or if no GNSS module of the UE devscactive; and

select the one or more antennas for one or macellfiar or Wi-Fi
communication in a second manner if an intermodaigtroduct of cellular and Wi-Fi
communication by the UE device is in a frequenaydbased by the UE device for GNSS

communication and a GNSS module of the UE deviegtise.

11. The UE device of claim 10,

wherein to select the one or more antennas foooneore of cellular or Wi-Fi
communication by the UE device in the second martherUE device is further
configured to:

select a single antenna mode for Wi-Fi commurocatand

select an antenna for Wi-Fi communication withagest isolation from a GNSS

antenna.

12. The UE device of claim 7, wherein to detemnihether an intermodulation
product of cellular and Wi-Fi communication by tiE device is in a frequency band
used by the UE device for GNSS communication, tBedevice is configured use one or

more of;:
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a lookup table indicating intermodulation produztselected frequency
combinations; or
one or more formulas for calculating intermodwatproducts of frequency

combinations.

13. The UE device of claim 7, wherein the UE devs further configured to:

select an antenna combination that causes a l@anesint of receiver
desensitization to GNSS communication among passibilenna combinations if it is
determined that an intermodulation product of d¢atland Wi-Fi communication is in a

frequency band used by the UE device for GNSS comication.

14. A non-transitory computer accessible memaggioom comprising program
instructions that, when executed by a wireless egaipment (UE) device, cause the UE
device to:

determine a first transmission frequency for tnamsng according to a first
wireless communication technology;

determine a second transmission frequency fostnating according to a second
wireless communication technology;

determine one or more frequencies on which interfee is generated from
simultaneously transmitting on the first transnossirequency and the second
transmission frequency;

determine whether any of the one or more freq@snan which interference is
generated at least partially overlap a frequeneyllzessociated with a third wireless
communication technology;

determine an activity status of the third wirelessxmunication technology;

perform antenna selection for transmitting sigm@aisording to at least one of the
first wireless communication technology or the setwireless communication
technology to reduce interference to the third l®8e communication technology if the

third wireless communication technology is actine ghe one or more frequencies on
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which interference is generated at least part@ligrlap a frequency band associated with

the third wireless communication technology.

15. The memory medium of claim 14, wherein tdgren antenna selection to
reduce interference to the third wireless commurnaechnology, the program
instructions further cause the UE device to:

switch from a multi-antenna transmission mode $tngle-antenna transmission
mode for at least one of the first wireless comroation technology or the second

wireless communication technology.

16. The memory medium of claim 14, wherein tdggen antenna selection to
reduce interference to the third wireless commurnaechnology, the program
instructions further cause the UE device to:

select a transmission antenna for at least ofteedirst wireless communication
technology or the second wireless communicationhrtelogy that provides increased
isolation to an antenna used to receive signalgrdog to the third wireless

communication technology.

17. The memory medium of claim 14,

wherein the first transmission frequency is asged with a frequency channel
associated with the first wireless communicatiaht®logy,

wherein the second transmission frequency is adsdcwith a frequency channel

associated with the second wireless communica¢iomology.

18. The memory medium of claim 14,
wherein the first wireless communication technglegWi-Fi,
wherein to perform antenna selection to reduafiertence to the third wireless
communication technology, the program instructiftumther cause the UE device to:
switch Wi-Fi from multiple input multiple outp@IMO) mode to single
output single input (SISO) mode; and
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select a Wi-Fi antenna among a plurality of alsé Wi-Fi antennas that
provides greatest isolation to an antenna useglctve signals according to the third

wireless communication technology.

19. The memory medium of claim 14, wherein thegpam instructions further
cause the UE device to:

perform antenna selection for transmitting sig@aisording to the first wireless
communication technology and the second wirelessmmanication technology without
regard to reducing interference to the third wssleommunication technology if none of
the one or more frequencies on which interfereaggenerated overlap a frequency band

associated with the third wireless communicatiamt®logy.

20. The memory medium of claim 14, wherein thegpam instructions further
cause the UE device to:

perform antenna selection for transmitting sig@aisording to the first wireless
communication technology and the second wirelessmmanication technology without
regard to reducing interference to the third wgsleommunication technology if the

third wireless communication technology is not\aeti
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