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(57) Abstract: Various arrangements are presented for managing co-existence of a global navigation satellite system (GNSS) receiv -
er with one or more transceivers. A coexistence manager obtains one or more parameters associated with a first transceiver of the one
or more transceivers operating in accordance with a first radio access technology (RAT) and corresponding to an operating event.
The first transceiver is capable of operating in accordance with one or more RATs. The coexistence manager further determines that
the one or more parameters impacts an operation of the GNSS receiver and exceeds a predetfined threshold and instructs the first
transceiver to perform at least one of selecting a second RAT, changing the one or more parameters or any combination thereof to
transmit at least a first portion of a data corresponding to the operating event based on the determination that the one or more para-
meters impacts the operation of the GNSS receiver.
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METHOD AND APPARATUS FOR MANAGING COEXISTENCE OF A GNSS RECEIVER AND ONE OR MORE RAT
TRANSCEIVERS

TECHNICAL FIELD

{06001 ] The present application relates generally to wireless comupmnications, and
more particularly to managing coexistence of a global navigation satellite svstem

(GNES) recetver with ong or more radio access technology (RAT) tfranscetvers.
BACKGROUND

18002} When a radio access technology {RAT) wransceiver is transmitting data
wirelessly via an antenna, a global navigation satellite system (GNSS) receiver located
on the same device may or may not be able to process received GNSS signals for
performing a location determination. When transmitting, a RAT transceiver may, in
some situations, produce a sufficient amount of noise and/or interference that negatively
affects the ability of the GNSS recetver to properly receive and process GNSS signals,
Ag a result, performance of the coliocated GNSS receiver 18 degraded during the time
that the RAT transceiver is transmitting. The GNSS receiver may be instructed to blank
or otherwise ignore GNSS signals recetved while the RAT transceiver is transmitting.
Such arrangements may result in significant periods of time during which a location
determination camnot be performed by the GNSS receiver. Such an occarrence may be

exacerbated if mudtiple RAT transceivers are present on the device.

SUMMARY

{8003 In one example, a method for managing co-existence of a global navigation
satellite system (GNAS) recetver with one or more transceivers 1s disclosed. The method
mehides, in part, obtaining one or more parameters associated with a first transeeiver of
the one or more transceivers operating in accordance with a first radio access
technology (RAT) and corresponding to an operating event. The first transceiver is
capable of operating in accordance with ong or more RATs. The method further
includes, in part, determining that the one or more parameters impacts an operation of
the GNSS receiver and exceeds a predefined threshold, and instructing the first

transceiver to perform at least one of selecting a second RAT, changing the one or more
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parameters or any combination thereof to transmut at least a first portion of a data
corresponding to the operating event based on the determination that the ong or more
parameters impacts the operation of the GNSS receiver and exceeds the predefined

threshold.

06004} In one example, the selecting includes, in part, switching, on the first
transcetver, from a first mode of operation corresponding to the first RAT to a second
mode of operation corresponding to the second RAT. mstructs the first transcciver to
perform at least one of selecting a second RAT, changing the one or more parameters or
any combination thereof to transmit at least a first portion of a data corresponding to the
operating cvent based on the determination that the one or more parameters impacts the
operation of the GNSS receiver and exceeds the predefined threshold.

[0005] In one example, the method further includes, 1n part, mstructing a second
transcetver to operaie in accordance with the second RAT to transmit at least a second

portion of the data corresponding to the operating event.

{18006} In one example, the first RAT and the second RAT share a common access
technology but wtilize different operation frequencics. In one example, the GNSS
receiver operates during at least a portion of the operating event. In one example, the
one or more parameters correspond to concurrent operation of the first transceiver and
another transceiver of the one or more transceivers. The other transceiver operates in

accordance with a thud RAT.

[D007] In one example, the operating event is a scheduled operating event in the
future, and obtaming the one or more parameters includes, in part, determining the one
or more parameters based on a predefined policy. In one example, the operating event is
a current operating event, and obtaining the one or more parameters includes, m part,

measuring the one or more parameters during the operating event.

8008} In one example, obtaining the one or more parameters include, in part,
receiving a report of measurement of the one or more parameters. In one example, the
method further includes, m part, determuning one or more updated values for the one or
more parameters, and instructing the first transceiver 1o use the updated valugs for the

ONe Of MOTE parameters in an upcoming operating event.
80091 In one example, the first RAT corresponds to a first type of wireless
network, and the second RAT corresponds 6 a second type of wireless network. In one

-
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example, the first type of wircless network includes a wireless wide area network
{(WWAN), and the second type of wireless network imchudes a wireless local area
network (WLAN). In another example, the second RAT corresponds to peer-to-peer

communications.

06010} In one example, the first portion of the data corresponding to a first
application is offloaded to the second RAT while a second portion of the data

corresponding 1o a second application is transmitted using the first RAT,

18011} In one example, an apparatus for managing co-existence of a GNSS receiver
with one or more transceivers is disclosed. The apparatus includes, in part, the GNSS
recetver, the one or more transceivers, a memory and at least one processor coupled to
the GNSS receiver, the one or more transceivers and the memory. The at least one
processor is configured 1o obtain one or morce parameters associated with a first
transceiver of the one or more transceivers operating in accordance with a first radio
access technology (RAT) and corresponding to an operating event, The first transceiver
is capable of operating in accordance with one or more RATs. The at least one
processor is further configured to determine that the one or more parameters impacts an
operation of the GNS5 receiver and exceeds a predefined threshold and instruct the furst
transceiver to perform at least one of selecting a second RAT, changimg the one or more
parameters or any combination thereof to transmit af least a first portion of a data
corresponding to the operating event based on the determination that the one or more
parameters tmpacts the operation of the GNSS recciver and excecds the predefmed

threshold.

06012} In one example, an apparatus for managing co-existence of a GNSS receiver
with one or more transceivers is disclosed. The apparatus nchudes, in part, means for
obtaining one or more paramcters associated with a first transceiver of the one or more
transceivers operating in accordance with a first radio access technology (RAT) and
corresponding 1o an operating event. The first transceiver is capable of operating in
accordance with one or more RATs. The apparatus further inchudes, in part, means for
determining that the one or more paramcters impacis an operation of the GNSS receiver
and exceeds a predefined threshold and means for instructing the first transceiver to
perform at least one of selecting a second RAT, changing the ong or more parameters or

any combination thercof to transmit at feast a first portion of a data corresponding to the
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operating cvent based on the determination that the one or more parameters impacts the

operation of the GNSS receiver and exceeds the predefined threshold.

[B6013] In one example, a non-transttory proccssor-readable medinm for managing
co-existence of a global navigation satellite svstem (GNSS) receiver with ong or more
transceivers 1 disclosed. The processor-readable mediom includes, in part, processor-
readable instructions configured to cause one or more processors 1o obtain one or more
parameters associated with a first transceiver of the one or more transceivers operating
in accordance with a first radio access technology (RAT) and corresponding to an
operating cvent. The first transcetver is capable of operating in accordance with one or
more RATs. The processor-readable medium further includes, in part, processor-
readable nstructions configured to cause one or more processors to determine that the
one or more parameters impacts an operation of the GNSS receiver and exceeds a
predefined threshold and instruct the first transceiver to perform at least one of sclecting
a second RAT, changing the one or more parameters or any combination thereof to
transmit at least a first portion of a data corresponding to the operating event based on
the determunation that the one or more parameters impacts the operation of the GNSS

receiver and exceeds the predefined threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

EEDEY A further understanding of the nature and advantages of vanous
embodiments may be realized by reference to the following figures. In the appended
figures, similar components or features may have the same reference label. Further,
various components of the same type may be distinguished by following the reference
label by a dash and a second label that distinguishes among the similar components. If
only the first reference label 1s used in the specification, the description 1s applicable to
any one of the similar components having the same first refercnce label urespective of

the second reference Jabel.

1001 5] FIG. 1 dlustrates a simplified diagram of an environment in which reception
of satcllitc positioning system (SPS) signals by the mobile device may be desensed
during transmission of wircless signals by the mobile device, according to one

embodiment of the present disclosure.
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8016} FIG. 2 illustrates an embodiment of a device that includes a global
navigation satellite system (GNSS) recetver and multiple radio access technology

{RAT) transceivers, according to one embodiment of the present disclosure.

o017 FIG. 3 illustrates an embodiment of a system having a coexistence manager

as part of a GNSE receiver, according to one embodiment of the present disclosure.

8018} FIG. 4 illustrates a simphified, exemplary table that represents mterference
data structure that may be maintained by coexistence manager, according to one

embodiment of the present disclosure.

6019} FI1G. 5 illustrates an embodiment of a system having a coexistence manager

separate from a GNSS receiver, according to one embodiment of the present disclosure.

180261 FIG. 6 illustrates an embodiment of a method for managing the coexastence
of a GNSS receiver with one or more RAT transceivers, according to one embodiment

of the present disclosure.

0021} FI1G. 7 illustrates an embodiment of a method 700 that may be performed by
a device for managing cooxistence of a GNSS receiver with one or more RAT

transceivers.

[06022] FIG. 8 illustrates an embodiment of a computer system, according to one

embodiment of the present disclosure.

DETAILED DESCRIPTION

108023} Several tlustrative embodiments will now be described with respect to the
accompanying drawings, which form a part hereof. While particular embodiments, in
which one or more aspects of the disclosure may be implemented, are described below,
other embodiments may be used and various modifications may be made without
departing from the scope of the disclosare or the spirit of the appended claims. The
word “exemplary” is used berein to mean “serving as an example, instance, or
tilustration.” Any embodiment or design described herein as “exemplary™ 1s not
necessartly to be construed as preferred or advantageous over other embodiments or

designs.

18024} The term Radio Access Technology (RAT) is used herein to refer to any tvpe

of radio technologies used to transmit/receive signals, including but not limited to

S
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wireless wide arca network (WWANS, wireless local area network (WLAN) and the

hike.

[D025] The term Satellite Positioning System (SPS}) 15 used herein to refer to various
types of satellite positioning systems, including different Global Navigation Satellite
Systems (GNSS). For example, the SPS system may be a Global Posttionming System
{GPS), Global Navigation Satellite Svstem (GLONASS), Galileo, Beidou, and/or other
type of satellite positioning system. In general, the SPS svstem may be one or more of

these different types of systems used either alone or in conjunction with one another.

6026} A common problem encountered by a mobile device having wireless
communication capabilities as well as 5PS capabilitics is the coexistence of wircless
commumication and SPS svstems within the mobile device. In particular, interference or
“desensing,” can occur when a mobile device attempis to simultancously transmit
wireless signals and receive SPS signals. The transmussion of the wircless signals and/or
an mtermodulation product arising from such transmission can lead to interference that
impacts the proper reception of the SPS signals. For example, the interference may
cause a failure to acquire ong or more of the SPS signals, corruption of the SPS signals,
reduction n the number/frequency of successfully received SPS signals such that SPS-
based positioning 1s degraded, ete. Embodiments of the present invention are directed to
managing transmission of wireless signals and reception of the SPS signals by the

mobile device in order to address such “desensing” issues.

8027 FIG. 1 dlustrates a simplified diagram of an covironment 100 in which
reception of SPS signals by the mobile device may be desensed during transmission of
wireless signals by the mobile device. As shown, environment 100 inclades a mobile
device 105, Mobile device 105 mav be a device designed to perform mumerous
functions, ncluding the ability to determine its own location based on the reception of

SPS signals from satellites.

9028] Mobile device 105 is able to perform satellite-based positioning by receiving
SPS signals from one or more satellites. Such satellite-based positioning technigues are
well-known and only briefly described below. As shown here, mobile devige 103
receives SPS signals 110, 115, and 120 from satellites 125, 130, and 133, respectively.
Typically, each of the SPS8 signals 110, 115, and 120 would include timing information

relating to when the SPS signal was transmitted from the respective satellite. Each SPS
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signal may also mclude ephemens information which can be used to determing the
location of the satellite at the time the SPS signal is transmitted. Mobile device 103 s
able to determine when it receives cach of the SPS signals 110, 115, and 120. The
transmission time and reception time of cach SPS signal may be aligned on a common
timing reference, such as a common clock, known to the mobile device 105, By taking
the difference between the reception time and transmission time, mobile device 103
may compute the “flight time™ associated with each $PS signal, for it to travel from the
respective satchiite to mobile device 105, The flight time can then be used to compute
the distance between each satellite and mobile device, taking nto account the speed of
hight. Once the distance between cach satellite and the mobile device is found,
trilateration may be used to compute the location of mobile device 105, based on the
known location of cach satellitc and the distance between each satellite and mobile

device 105.

180291 In addition to satellite-based positioning, a significant category of functions
performed by mobide device 105 relates to wireless communications. Wireless
communications may serve as an important link in connecting mobile device 105 over
private and/or public networks with other devices such as servers and other user
equipment. This may include communication over various tvpes of wireless networks,
including wircless local area networks (WLAN} and wide arca networks (WANj3,
among others. Examples of WLANS may be different types of Wi-Fi networks, such ag
those implemented based on various 802.11 standards. The example in FIG. 1 focuses
on wireless conmmunications between mobile devices and base stations. However, other
cxamples of wireless communications may include peer-to-peer communications
between mobile devices such as Wi-Fi Direct, Long-Term Evolution (LTE) Direct, etc.
Examples of WWAN RATs may mchide LTE, wideband code division multiple access
(WCDMA), and the like. Additional examples of wircless communications may include
near field communications (NFC), Bluetooth communications, ¢tc. Embodiments of the
present invention, including selection of radio access technologics (RATs) and/or
control of transmussion of wireless signals to avoid “desensing,” may be implemented

with different types of wireless communication signals.

60301 In the example shown in FIG. 1, mobile device 103 is able to perform

wireless commmunications by sending signals to, and receiving signals from, one or more

base stations 153, For instance, mobile device 105 may send a WLAN signal 140 to an

-7
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access point 145, which may be a base station supporting WLAN commumications.
Mobile device 105 may send a WWAN signal 150 to cell tower 155, which may be a
base station supporiing WWAN communications. For mmstance, WLAN signal 140
and/or WWAN signal 150 transmitted by mobile device 105 may mnclude an HTTP
request for a web page the user of mobile device 105 may wish to retrieve from the
Internet. Not shown m FIG. 1 are the wireless signals that mobile device 105 may
receive back in response to the request. For example, such signals may be sent to mobile
device 105 from access point 145 and/or cell tower 155 and may include an HTTP
response contaming the HTML file constituting the reqguested web page. FIG. 1
highlights the wireless signals transmitted from mobile device 105 (as opposed to
wireless signals received by mobile device 103), because various embodiments of the
present invention addresses techniques to control the scheduling of wireless signal
transmissions from the mobile device, to reduce interference caused by such transmitted

signals.

180311 For example, if mobile device 105 simaltaneously attempts to receive SPS
signals such as 110, 113, and 120 and transomut wireless signalg such as 140 and 150,
mterforence may occur to “desense” the proper reception of the SPS signals. This can
occur if received SPS signals 110, 115, and 120 and transmitted wireless signals 140
and 150 otilize common or overlapping frequencies. The mterfercnce may also be
caused by spectral emissions from adjacent or close frequency bands. This can also
occur even when roceived SPS signals 110, 115, and 120 and transmitied wircless
signals 140 and 130 do not utilize common or overlapping frequencies, but

mtermodulation products introduce interference.

[6032] As mentioned previously, interference can occur when mobile device 103
attempts to simultanecusly transmit wirgless signals (g.g., one or more WLAN and/or
WWAN signals) and receive SPS signals {c.g., GNSS signals). This can result if the
wircless signals and the SPS signals uwtilize common or overlapping frequencics.
Interference can also result if the wireless signals and the SPS signals do not utilize
common or overlapping frequencies, but imtermodulation products (M} imtroduce
imterference. As an example, a GNSS transceiver may operate on 1.5/1.6 GH=z
frequency band. Therefore, the followmg IM products may result from concurrent

operation of WLAN and WWAN transceivers:
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(A} 800 MHz WWAN and 2.4 GHz WLAN, second order IM product (IM2)
falls at 1.6 GHz (¢ g., 2.4 GHz - 800 MHz},

(By 1.7/19 GHz WWAN and 5 GHz WLAN, third order IM product falls at
1.6 GHz{cg.,5GHz-2 > 1.7 GHz),

(Cy Long term evolution (LTE) BI3/Bl4 (777-798 MHz uplink), second
harmonics falls in the GNSS band {e.g., 2 » 780 MHz = 1600L1}.

16633] As can be seen, even though WLAN signals at 2.4 GHz or 5 GHz and
WWAN signals at 800 MHz or 1.7/1.9 GHz may not necessarily otihize the same
frequency as ONSS signals at 1.5/1.6 GHz, 1t 1s possible for {M products resulting from
the muxing of such WLAN and WWAN signals to land in the same frequencies utilized
by GNSS signals. Such IM products may thas mterfere with and “desense” the proper
reception of the GNSS signals. Two of the above examples show IM products resulting
from the transmission of signals belonging to differcnt RAT transceivers (WAN and
WLAN). The third example shows that terference {e.g., harmonics, IM products)
result from the transmussion of signals belonging to the same type of system (e.g., LTE
only). In gencral, interference on the GNSS signals may result from transmission of

signals belonging to onc or more RAT transceivers.

[06034] In general, many factors may affect whether a RAT transceiver’s
transmissions cause substantial mterfercnce with the reception of GNSS signals by a
GNSS receiver. In some situations, the frequency being used by the RAT transceiver
may cause little or no interference with the GNSS receiver. In some situations, the RAT
transceiver may be transmitting at a low enough power that the RAT transceiver may
cause hittle or no mterference with the GNSS receiver. In other situations, the RAT
tranaceiver’s spectral emissions or harmonics may canse interference with the GNSS
receiver. When multiple RAT transceivers of a device are transmitting at a same time,
various harmonic and/or udermodulation frequencics may be created that can cause

mterference with the GNSS receiver {as shown above).

[8035] Certain embodiments describe techniques to closelv coordinate GNSS and
RAT operation to mitigate or chimunate the impact of radio transnussions (RF) within a
device on GNSS operation. Current systems are designed such that the GNSS receiver
reacts io the RAT transmission issues. For example, if there is strong interference in the

GNSS L1 band, the GNSS receiver switches to the GNSS L2 band. In another example,

G



WO 2016/126393 PCT/US2016/013080

the system may linut WLAN duty cvcle to reduce mterforence on the GNSS recetver.
Another scheme is to blank the GNSS receiver when other transceivers i the device are

transmitting.

8036} In one embodiment, a coexisience manager instructs one or more of the
RATSs via reverse messaging or in an a-priosi fashion based on knowledge of RAT
events to offload some or all of its transmissions to another RAT transceiver in the
system, or change 11s access technology operating mode to a different access
technology. For example, the coexistence manager may mstroct the WWAN transcetver
to offload its data transmission to WLAN transceiver. In one embodiment, RAT control
is performed to protect GNSS receiver from interference. For example, reverse
messaging is sent by a coexistence manager {CxM) to the Connectivity Engine (CnE) or
a high level O§ (HLOS) to change the prionty of radios {e.g., pick WLAN vs. WWAN)

for the purpose of GNSS protection.

180371 FIG. 2 illustrates an exemplary device 200 that mcludes a GNSS receiver
and meltiple RAT transeeivers. Device 200 includes theee RAT transceivers 210-1, 210-
2, and 210-3, GNSS receiver 220, antennas 230-1, 230-2, 230-3, and 230-4, processing
module 240, and wired fransceiver 230, Device 200 may be a mobile, wireless device. a
cellular telephone, a tablet computer, an Internet of Things (lo T} device, a wearable
computing device, an automobile, an automotive device, a dedicated GNSS receiver
device {¢.g., a car navigation device) or any other device that is capable of determiming
its position using a GNSS receiver and communicating via one or more RAT

transceivers.

6038} In device 200, three RAT transceivers 210 are present. At various times,
cach of these RAT transceivers 210 may transmit signals wirelessly via associated
antennas 230, RAT transceivers 210 may be transmitting while no other RAT
transceiver s fransmifting or may transmit concurrently while one or more other RAT
transceivers of RAT transceivers 210 are transmitting. Therefore, at a given time, zero,
one, or more than one RAT transceivers of RAT transceivers 210 may be transmutting

wircless signals.

[0G39] Each of RAT transceivers 210 may comespond 1o at least one wireless
technology/protocol. For example, RAT transceiver 210-1 may correspond to one or

more of cellular communication protocols, such as 4G LTE, 3G, or GSM. RAT

-} (-
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transceiver 210-2 may correspond to one or more wircless local area network protocols
such as §02.11a/b/g/ac/ad. RAT transceiver 210-3 may correspond to a device-to-device
communication technology/protocol, such as Bluetooth®. In some embodiments, one or
more RAT transceivers may correspond to the same technologv/protocol. In some
embodiments, each of the transceivers may support muitiple protocols {e.g., cellular
communication protocols, wireless local arca network protocols, device-to-device or
any other protocols ) While the illustrated embodiment of device 200 containg three
RAT transceivers, it should be understood that this is for exemplary purposes only; one,
two, or more than three RAT transceivers may be present in alternate embodiments of

device 200.

6040} Each of RAT transceivers 210 may be associated with an antenna. RAT
transceiver 210-1 may ase antenna 230-1 to transmit (and, possibly, recetve) wireless
signals; RAT transceiver 210-2 may usce antenna 230-2 to transmit {and, possibly,
receive) wireless signals; and RAT transceiver 210-3 may use antenna 230-3 to transmit
{and, possibly, receive) wireless signals. In some embodiments, two or more RAT
transceivers of RAT transceivers 210 may share a single antenna. Also, one or more
RAT transceivers of RAT transceivers 210 may transmit using two or more antennas. A
RAT transceiver of RAT transceivers 210 may be pernutted to switch transmission from
a first antenna to a second antenna. In some embodiments, it may also be possible that

GNSS receiver 220 may share an antenna with one or more RAT transceivers 210.

{8641} RAT transceivers 210 may be m commumnication with processing module
240 The processing module may be an application processor, baseband processor,
and/or any other tvpe of processor. Data may be received from processing module 240
for transmission and received data may be provided to processing module 240,
Processing module 240 may represent ong or more processors in communication with
non-transitory processor-readable memory. Processing module 240 may be respongible
for execution of a high-level operating systerm (HLOS) and/or the execution of one or
more applications that use one or more RAT transceivers of RAT transceivers 210 to

transmit data and/or uses locations determined by GNSS recetver 220,

{60421 GINSS receiver 220 may be a standalone component {¢.g., a separate
integrated circuit chip, such as a radic frequency (RF) chip) or may be a partof a
processor of processing module 240, For instance, some processors can have a GNSS
recerver onboard. Whether mtegrated into a multi-purpose processor or a standalone

-11-



WO 2016/126393 PCT/US2016/013080

component, GNSS receiver 220 1s capable of determining 1ts position based on received
GNSS signals. Such GNSS signals may be received via antenna 230-4, Antenna 230-4
may be dedicated to GNSS receiver 220 or may be shared with one or more other

components, such as one or more of RAT transceivers 210,

{8043} Any of RAT tranaceivers 210 transmitting may or may not interfere with
successtul recoption and processing of GNSS signals by GNSS receiver 220, Whether
any or sufficient mterference occurs to affect the performance (¢.g., reception and
processing) of GNSS receiver 220 may be dependent on various operating
characteristics of each RAT transceiver: the frequency on which the RAT transceiver is
transmitting, the power level at which the RAT transceiver is transmitting, and/or which
antenna the RAT transceiver is using. When two or more RAT transceivers of RAT
tranaceivers 210 are transmitting concurrently, interference at one or more harmonic or
mtermodulation frequencics may be created that otherwise would not exist. fnterference
at such frequencies may not be created if cach of the RAT transceivers transmitiing was
transmitting during a different time pertod. Moreover, transmissions from each of the
RAT transceivers may result in interference at harmonics of their transmission

frequency.

0044} In addition to mterference being caused by RAT transceivers 210,
mterference on the GNSS receiver may be caused by one or more wired transceivers,
such as wired transceiver 230. A wired transceiver 230 may be configured to transmit
and/or receive data via a connected wire, such as via a USB3 wired connector and
protocol. While a single wired transceiver 250 is depicted i FIG. 2, it should be
understood that no wired transcetvers or more than one wired transceiver may be
present. Wired transceiver 230 may be in communication with processing module 240,
Diata may be received from processing module 240 for transmission and received data

may be provided fo processing module 240.

8045} Embodiments detaled herein may be applicable when no RAT transceivers
arg present or operating. In such embodiments, interference may be caused by other

sources, such as power supplics, external devices, and/or other internal componentry.

[0046] Whether or not any or sufficient interference ocours to affect the
performance of GNSS recciver 220 may be further dependent on the current operating

characteristics of GN&S receiver 220. The proximity {distance) between GNSS receiver
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220 {and antenna 230-4) to the GNSS space vehicles (SVs) from which GNSS signals
are being received and processed may affect how much interference can be tolerated.
The GNSS constellation and/or the specific SV within the constellation being used
may affect how mierference affects the GNSS receiver because of different frequencies,
power levels, SV health, obstructions (due to the direction of the constellation’s SVs in

relation to the GNSS receiver), and/or orthogonality scheme.

180471 While not iHustrated in FIG. 2, communication directly between GNSS
recerver 220 and one or more RAT transceivers of RAT transceivers 210 may be
possible. Such communication may pernt instructions to be sent from GNSS receiver
220 to the one or more RAT transceivers. Further, data may be transmitted from one or

maore RAT transceivers of RAT transceivers 210 to GNSS recerver 220,

{0048} In general, for data offload, the WWAN operator mayv have policies n place,
either at the HLOS or in the connectivity engine {CnE) for radio priornty of WWAN or
WLAN. These policies may be based on operator billing preferences, best channel,
guality of service {{305), highest throughput, geographic location, time of day, end-to-
end internet connectivity, ete. fn one embodiment, when GNSS is concurrently used
with RAT transceivers, data traffic can be moved on/off of WWAN and/or WLAN to
reduce or eliminate interference on the GNSS recetver depending on the mterference

mechanism, thereby enforcing GNSS prionty to the UxM, CaE, or controller.

80491 In one example, a coexistence manager may determine active RATs and
their parameters {channcl, power, timing, and the like ) Next, the coexistence manager
determines if current or scheduled operation of a RAT or multiple RATs with the GNSS
receiver impact GNSS reception (e.g., cause interference on the GNSS receiver). The
coexistence manager determines if selection of an alternative RAT (LTE, WUDMA,
DG, WLAN, etc.) and/or alternative RAT parameters will eliminate or reduce GNSS
mterference. In one embodiment, the coexistence manager determines 1if offloading data
transmission to WLAN from WWAN, or offloading data transmission to WWAN from
WLAN will eliminate or reduce GNSS interference.

[6050] In one embodiment, if concurrent WWAN and WLAN operation impacis
GNESS reception, the coexistence manager determines if selection of only one of the
RAT transceivers {¢.g., WWAN or WLAN) can accommodate the data transmission

requirements. The coexistence manager selects WWAN or WLAN based on GNSS
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mterference requirements. In this example, mstead of two active RATs (which cause IM
products} only one active RAT may be used such that IM products are eliminated. For
example, if the same traffic was split betweoen WWAN and WLAN transceivers, one of
the WWAN or WLAN transceivers may be turned off. The traffic may then be carmied
on the remaining transceiver. In another example, throughput of the remaining

transceiver may be increased to handle the increased traffic.

18051} FIG. 3 illustrates an exemplary embodiment of a device 300, in which the
GNSS recetver 220 and/or one or more of the RAT transceivers have coexistence
managers, according to one embodiment of the present disclosure. Device 300 may
mclude: GNSS receiver 220, RATs 340, and conununication mterface 350, Device 300

may represent an embodiment of device 200 of FIG. 2.

[08652] As illustrated, RATs 340 include three RAT transceivers 210 and associated
antennas 230, One or more of the RAT transceivers 210 may include a coexistence
manager 360. For example, RAT transeeiver 210-1 may inclede coexistence manager
360-1, RAT transceiver 210-2 may include coexistence manager 360-2 and RAT
transceiver 210-3 may include coexistonce manager 360-3. [t should be understood that,
in other embodiments, foewer or greater numbers of RAT transceivers, antennas and/or
coexistence managers may be present. Some or all of RAT transceivers 210 may be
configured to roceive commands from and/or transmit data to GNSS receiver 220, Some
or all RAT transceivers may be configured to provide GNSS receiver 220 mformation

about one or more upcoming ransMmissions.

[8053] The mformation (which may be referred to as a characteristic) about the one
or more upconting transmissions may mchide: the time of the start of the transmission,
end time of the transmission, and/or time window (also referred to as the time period) of
the transmission; an indication of the RAT; the frequency of the transnussion; and/or
the power level of the transmission. Some or all RAT transceivers may be configured to
recetve commands from GNSS receiver 220. In one embodiment, the commands may
nclude stopping transmission for a cortain amount of time and offfcading the
transmission event 1o a different RAT. In another embodiment, the commands may
mnciude an allowable transmission power level; one or more allowable frequencies;

and/or one or more allowable transmission times for the RAT.
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10054] GNSS recetver 220 may mclude: measurement engine 310, position engine
320, and coexistence manager 330 mmplemented as part of controller 335. A
measurement engine 310 can process the timing data received via an antenna from
multiple satellites of one or more global navigation satellite systerns. Based on the
received timing data, correlators can be used to determine timing information by the
measurement engine. Based on the calculated timing information using the correlators, a

pscudorange can be determined by measurement engine 310

8055} The pseudorange calculations made by measurement engine 310 may be
cutput {¢.g., to another component, an application being executed, or a high-level
operating systom) and/or may be passed to posttion engine 320. Position engine 320,
based on the pseudorange calculations from measurement engine 310, may determine a
focation of GNSS receiver 220 1n the form of coordinates. These coordimates may be
provided to an application and/or high level operating system being exccuted by a host
processor for use as a location of GNSS receiver 220 or, more generally, as the location

of the device 300, such as a cellular phone or tablet computer, or the hike.

D056] Coexistence manager 330 may be part of a controller 335 of GNSS receiver
220, In addition to performing other functions, controller 333 may perform the

functions of coexistence manager 330, Coexistence manager 330 may serve to manage a
GNSS-based location determination such that a location of GNSS receiver 220 can be

determined while operation cvents are occurring at one or more RATs 340.

(D057} Coexistence manager 330 may be configured to maintain an interference
data structure 355 that mdicates an amount of interference experienced by GNSS
recetver 220 when vartous RAT transceiver operating events are occurring. For instance
entrics may be created and periodically updated in mterference data structure 355 that
classifies specific operating events at RAT transceivers 210, Entries may be maintained
not only for operating events of specific RAT transceivers of RAT tranaceivers 210, but
also for combinations of multiple RAT tranaceivers of RAT transceivers 210, Such
combinations may be important due to additional mterference caused by
intcrmodudation cffects that can occur when two or more RAT transceivers 210 are
transmitting at a same time. Interference data structure 355 may maintain information
about the amount of interference received by GNSS receiver 220 when a RAT
transcetver 1s transmitting at specitic frequencies and/or specific power levels.
Interference data structure 355 may also maintain information about the amount of

&
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mterference received by GNSS receiver 220 for other forms of operating events
performed by RAT transceivers 210 besides transmit events. For instance, receive
events may also cause an amount of interference to be experienced by GNSS receiver

10

L LN,

[0058] FI1G. 4 illustrates a stmplified, exemplary table that can represent
mterference data structure 355 that may be maintained by coexistence manager 330,
Such a data structure mayv be mamntaimed tor one or more SVs from which the GNSS
recetver recetves GNSS signals. It should be anderstood that this table is merely
exemplary and other embodiments may contain additional or less information and/or

may be maintained m a different format, or be measured in real time on the device.

[0059] Many more entries may be present and may be updated as the operating
gvents occur. In one embodiment, for each SV in cach GNSS used by the GNSS
recerver, a separate table may be maintained. The table illustrated n FIG. 4 provides an
entry for each combination of transmitting RATs (e g, including harmonic and
ntermodulation effects). Separate entrics may be maintained for different transmit
frequencies and/or different transmit power levels at which RAT transceivers may
operate. It should be undersiood that for each entrv, interference may be created on
multiple frequencies, such as due to harmomie frequencies. In addition, a RAT
transceiver may transmit using carrier aggregation of multiple bands which could cause
mtermodulation and cross-modulation between the multiple carriers causing
mterference to the GNSS recetver. It should be undersiood that, dee to diffening
operating characteristics of different SVs and GNSSs, interference may vary in effect on
different SVs. For instance, a first satclite of a GNSS may be less affected than a
second SV of the same or different GNSS due to different operating parameters of the
SVs (e.g., the Vs may transmit GNSS signals at different frequencies). In order to
create and/or update entries for such an interference data structure, coexistence manager
330 may measure the amount of interferonce or noise present in the GNSS signals

received from a SV when such a RAT operating event is occurring.

{9060] In some embodiments, separate tables may be maintained for operating
events occurs on multiple RATs at a given time. Therefore, 1f two RATs are
transmitiing at a given time, a certain table may be used to determine the likely amount
of interference. Varous entrics may be maintained for different frequencies and/or
power levels used for transmitting by such RATs. As another example, a table that
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mcludes data for multiple SVs may be maintamed for a particular transmit power level
of a particular RAT. Therefore, if the single particular RAT is scheduled to transmit at
the given power fevel {and, possibly, frequency) associated with a particular table, that
table may be used for determining the likely amount of interference for vanious SVs.
Other varnations in storing data used to anticipate the amount of interterence that can be

expected in vartous situations are also possible.

80611 In addition to the mierference caused by RATs due to effects such as
harmonics, nonlinear mixer intermodulation distortion (e.g., due to a wideband transmit
by a RAT transmitter), wideband spuricus noise from transmit spectral spitlage,
contimious wave spurs or januners from coupling mechanisms, and/or local oscillator
spurs due o reciprocal mixing may all cause interference 1o occur in frequency bands
on which GNSS signals are received. Data due to such effects may be mamntained in a

data structure sinmilar to as detatled in relation to FIG. 4.

180621 In some embodiments, rather than having interference data structure 353 that
is updated by coexistence manager 330, an interference data structure may be provided
to coexistence manager 330 that defines values measured or caleulated by another
entity. For instance, a manufacturer of GNSS receiver 220 may provide predefined
values for such an interference data structure. In one embodiment, the interference data
structure is used to determine interference on the GNSS receiver during an upcoming
operating event caused by operation of one or more RATs. If the mterference is above a
predefined threshold, the device may switch to a different RAT to reduce micrference
on the GNSS receiver. In some embodiments, such predefined values are provided, but
can be updated by cocxistence manager 330 as noisc or interference levels are measured
during operation of GNSS recetver 220. In some embodiments, interference data
structure 355 may not be stored onboard controller 335, but rather may be stored
external to GNSE recetver 220, such ag in an accessible non-transitory computer-
readable storage medivm, such as system memory (e.g., working maemory 835 of Fi(s.
&},

[0063] Since an interference data structure is mamtamed by the coexistence
manager, different interference environments can be adapted to. For example, 1f
implemented in cellalar phounes, the specific mterference experienced by the GNSE
recetver may vary based on the design of a specific make/model of cellular phone, and
it may include handholding/body proximity effects. Use of an interference data structure
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can allow for the specific interference environment of various makes, models, and types
of devices to be adapted to by an interference data structure being mamiained (or

created) for the device.

[0064] Referring back to FIG. 3, GNAS receiver 220 may be configured to
communicate with RATs 340 via a communication interface 350, which may utilize
serial, parallel, or some other data transnuission format. Communication interface 350
may permit information to be transmitted from RATs 340 to GNAS receiver 220,
Communication interface may also pernnt information to be transmitted from GNSS
recetver 220 to RATs 340, Some or all of RATs 340 may transout data to GNESS
receiver 220 that indicates one or more characteristics about an operating event that is
scheduled to occur. The one or more charactenistics transmitted may include an
mdication of the type of operating cvent {e.g., a transmit cvent, a receive event, etc.},
the frequency at which the event will occur (if relevant), the power level at which the
event will occur (if relevant), and/or a time {(and/or duration} at which the event will
occur. In some embodiments, at feast some of this data may be inferred by GNSS
receiver 220 based on the RAT transceiver from which the characteristics were
received. For instance, it may be assumed that a transmit event will occur 10 ms after
such information was received by GNSS receiver 220 if transmitted by a RAT

transceiver that communicates wirelessly with a specific cellular network.

[8065] Such information received by GNSS recetver 220 via a communication
mterface 330 from one or more of RATs 340 may be used by cocxistence manager 330
to assess: whether GNSS signals from sufficient 5Vs will be received, which 8Vs (of
which GNSS) should be used, and/or if a request should be made to onc or more RATS,
via communication mterface 350, to alter one or more upcoming operating events

and/or offload the operations to other RAT transceivers.

[8066] Coexistence manager 330 may access an inferference data structure, such as
presented in FIG. 4, to determine if a scheduled event of one or more RATs will
sufficiently affect reception of GINSS signals from one or more SVs by GNSS receiver
220, If a measure of intorference on the GNSS signals exceeds a threshold, coexistence
manager may transmit a command to one or more of RATs 340 to alter one or more
wpcoming operating events and/or offload their data transmission to other RATs. Such
commands may be required to be performed by the RATs or may be in the form of
recommendations. I the commands are recommendations, the RAT to which the
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command is addressed may assess whether it should comply with the command. In
some embodiments, an application or high level operating system (HLOS) may provide
an indication as to whether RAT operating cvents or location determination performed
by the GNSS receiver 220 should be given priority. If GNSS receiver 220 has prionity,
the RAT transceiver may be required to abide by a command received from GNSS
receiver 220. If the relevant RAT of RATs 340 has priority, the relevant RAT may

ignore the command from GNSS receiver 220,

180671 The commands sent by GNSS receiver 220, which are generated by
coexistence manger 330, may include instractions to a RAT transceiver regarding:
offloading some or all of its data transmission to another RAT, decreasing a transmit
power level, delaying (rescheduling) or canceling a transmit, and/or altering a transmit
frequency. Such commands may be relevant to various types of operating events of a

RAT, such as transmit events and acknowledgements occurring during receive events.

80681 In device 300, a single GNSS recetver 220 15 present. It should be
uaderstood that, in other embodiments of device 300 {or device 500}, multiple GNSS
receivers may be present. Two or more GNSS receivers may be present in various
embodiments. Such GNSS receivers may be configured to share resources and
pseudorange calcolations. For example, U.S. Pat. App. No. 14/163,623, entitled
“Method and Systerns for Mudti-GNSS Operation,” filed on January 24, 2014, the entire
disclosure of which is hereby incorporated by reference for all purposes, discloses
various arrangements for using multiple GNSS receivers in combination.

0069} FIG. 5 llustrates an embodiment of a device 500 having a coexistence
manager separate from a GNSS receiver, according to one embodiment of the present
disclosure. For imstance, GNSS receiver 220 may reside on a first integrated chip and
the coexistence manager may reside on a second integrated chip. Systera 500 may
mchude: GNSS receiver 220, RATs 340, coexastence manager 510, high level operating
system (HLOS) 520, and communication interface 530. Device 500 may represent an

embodiment of device 200 of FIG. 2.

{6070} The components of device 500 may function substantially similarly to device
300 of FIG. 3. For instance, coexistence manager 510 may perform all of the functions
of coexistence manager 330, However, rather than the coexisience manager being part

of GNSS receiver 220, coexistence manager 510 1s separate. In some embodiments,
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coexistence manager 510 may be implemented as hardware, firmware or software
executed by a general-purpose processor. In some embodiments, coexistence manager
510 15 exccuted by the host, which refers to the processor handling executing of the high
level operating svstem. In some cmbodiments, coexistence manager 510 may be a
stand-alone component {(¢.g., a separate controller) or may be incorporated nto another

component, such as a specialized or general-purpose processor.

{8071} Coexistence manager 310 may receive mformation about operating events
{c.g., current or upcoming) from RATs 340 and mav receive information from GNES
recerver 220 about the status of location determination. Coexistence manager 510 may
receive information output by controller 335 of GNSS receiver 220 about the received
power level of various GNSS signals. Coexistence manager S10 may maintain
nterference data structure 512 as detailed in relation to coexistence manager 330,
Interference data structure 512 mayv be onboard coexistence manager 510 or may be
stored m another location and accessible by coexistence manager 310, In some
embodiments, the interference data structure may be maintained by controlier 335 of
GNSS receiver 220 and coexistence manager 510 may receive imformation from the

controlier retrieved from mmterference data structure 512,

{8072} Coexistence manager 310 may communicate with controlier 3335 of GNSS
receiver 220 and RATs 340 via communication inderface 530 {or via two scparate
communication interfaces). Such a communication interface may permit serial, parallel,
or some other form of data transmission to occur among the components. In some
embodiments, GNSS receiver 220 can recetve data from and transmit data to
coexistence manager 510; RATs 340 can receive data from and transmit data to
coexistence manager S10; however GNSS receiver 220 and RATs 340 may not

communicate with each other directly.

106673} Coexistence manager 510 may communicate with a high level operating
system (HLOS) 520 and/or one or more applications being executed by HLOS 320,
HLOS 520 mayv instroct coexistence manager 510 whether preference should be given
to location determination or to operating cvents of RATs 340. Based on such
mstructions from HLOS 320, coexistence manager 310 may nstruct RATs 340 to
enforce any commands transmitted to RATs 340 on behalf of GNSS receiver 220,
Based on instructions from HLOS 520 that indicate preference is to be given to RAT
functions, coexistence manager 510 may mstruct RATs 340 that commands transmitted
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to RATs 340 on behalf of GNSS receiver 220 may be optional {(e.g., are only enforced if
the effect on RATs 340 is mimimal). Specific RATs may be given preference over
GNSS recetver 220 by HLOS 520; similarly, GNSS receiver 220 may be given pricrity

over specific RATs of RATs 340, such as depending on the applications being executed

enforce, such as a rule that mdicates that no more than a defined amount of tume 15 o
clapse without giving GNSS receiver 220 foll preference for location determination.
While vot dlustrated in device 300, it should be understood that coexistence manager

330 may communicate with an HLOS also.

[0074] FIG. 6 illustrates an embodiment of a method 600 for managing coexistence
of a GNSS receiver with one or more RAT transceivers. The method 600 may be
performed using the devices of FIGS. 2-5. In one embodiment, blocks of method 600
may be performed by a coexistence manager, which may be part of a GNSS receiver
{e.g., device 300 of FIG. 3) or may be separate from a GNSS receiver {e.g., device 300
of F1(3. 5). If separate from a GNSS receiver, a coexistence manager may be a stand-
alone component or may be mtegrated as part of a processor. Blocks of method 600
may also be performed by a GNSS receiver. Accordingly, means for performing blocks
of method 600 can include a coexustence manager implemented on a GNSS receiver or

separately, a GNSS receiver, a communication interface, and/or one or more separate

Processors.
18075} At 610, a coexistence manager obtaing gne or morg parameters assoctated

with a first transeetver of the one or more transceivers operating in accordance with a
first radio access technology (RAT) and corresponding to an operating event. The first
transceiver may be capable of operating in accordance with one or more radio access
technologics {(RATs) (¢.g., similar or different RATS). In one embodiment, the device
may have two or more RAT transceivers. For example, the device may be a mobile
device that communicates with a base station through a WWAN transceiver. In
addition, the device may communicate with wireless LAN access point {¢.g., Wi-Fi}
through a WLAN transceiver. In yet another example, the first RAT is a Bluetooth
transceiver, a NFC transceiver or any other type of RAT transceivers. The coexistence
manager may identify that the WWAN transceiver corresponds to an operating event. In
one embodiment, the coexistence manager obtains information about transcetvers in the

system and determines the one or more parameters associated with the first RAT
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transceiver based on the obtained mnformation. The coexistence manager may measure
some or all of the one or more parameters. Alternatively, some of the parameters may
be determined based on a predefined policy, such as a priort knowledge of a transmit
cvent. In yet another example, some of the parameters may be retricved from
nterference data structure S12 as tHustrated i FIG. 5. In one embodiment, the
coexistence manager analvzes the parameters and determines a measure of interference
on the GNSS receiver. In vet another embodiment, the coexistence manager receives a
report of measurement of interference on the GNSS receiver and determines the one or

more parameters based on the report.

[08076] At 620, the cocxistence manager determines that the one or more parameters
impacts an operation of the GNSS receiver and exceeds a predefined threshold. In one
example, the one or more parameters may correspond to the mterference associated with
operation of the first transceiver o accordance with a first RAT during the operating

event.

18077} At 630, the cocwistence manager mstructs the first transceiver to perform at
least one of selecting a second RAT, changing the one or more parameters or any
combination thereof to transmit at least a first portion of a data corresponding to the
operating event based on the determination that the one or more parameters impacts the

operation of the GNSS receiver and exceeds the predefined threshold.

180781 In one embodiment, the coexistence manger instructs the first transceiver to
switch from a first mode of operation corresponding to the first RAT to a second mode
of operation corresponding to the second RAT. In another embodiment, the device
switches from using the first transceiver to operate in accordance with the first RAT 1o
using a second transceiver to operate in accordance with the second RAT. Asan
example, a mobile device may include a WLAN transceiver and a WWAN fransceiver.
During an operating event, the mobile device may be performing a high-traffic file
transfer using the WLAN transceiver. The transnussions from the WLAN transceiver,
alone or with the concurrent transmission of another RAT {e.g., such as a WWAN
transceiver), may cause significant interference (e.g., higher than a predefined
threshold} on the reception of GNSS signals. In this example, the coexastence manager
may inform the WLAN transceiver to offload the data transmission to the WWAN
transceiver to reduce interference on the GNSS receiver. In another example, the
coexistence manager may inform the WLAN transceiver to offload the data
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transmussion to a different RAT transcetver, such as a different WLAN transceiver n
the device, a peer-to peer transceiver {(e.g., Blactooth), or any other type of RAT

transceivers to reduce interference on the GNSS recerver.

{60791 In another example, the device may have a WWAN transceiver whose
operation causes imterference on the GNSS receiver. The coexistence manager may
mnform the WWAN transceiver to offload some or all of its data transfor to a WLAN

transceiver to reduce interference on the GNSS receiver.

[0080] In one embodiment, the first RAT and the second RAT may share a commeon
access technology but utilize difterent operation frequencies. For example, the first
RAT may correspond to WLAN with frequency fi, and the second RAT corresponds to
WLAN with frequency 6.

80811 In one embodiment, a first portion of the data corresponding to a first
application is offloaded to a second RAT transceiver while a second portion of the data
corresponding 1o a second application is transmiited using the first RAT transceiver. As
an example, if the mobile device is performing a high-traffic file transfer using the
WLAN transceiver for a first application (¢ 2., uploading a video to a server), while
concurrently transmitting voice over 1P packets to the server using the WLAN
transcetver for a second application. The coexistence manager may mform the WLAN
transceiver to offload the hagh-traffic file-transfer to the WWAN transceiver while
keeping the voice over IP packet transfer on the WLAN transcetver. Alternatively, the
coexistence manager may inform the WLAN transceiver to offload both the file transfer
and the voice over IP packet transfer to the WWAN transceiver. In yvet another example,
the coenastence manager may decide to utilize two different RAT transceivers for
transmission of different portions of data. In this case. the high-traffic file transfer may
be offloaded to WWAN transceiver while the VOIP packet transfer is offloaded to a
different RAT (e g, Bluctooth, etc.)

[D082] In one embodiment, a Bluetooth transceiver causes interference on the
GNSS receiver. For example, the Bluetooth transceiver acts as a radio aggressor in the
2.4 GHz band that can impact GNSS etther directly, or indirectly via mtermodulation
products with other RATs. It should be noted that although the examples desceribed

herein mostly refer to WWAN and/or WLAN transceivers, in general, these technigues
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may be used m accordance with any type of RAT {¢.g., Bluctooth, NFC, WLAN,

WW AN, or the like) without departing from the teachings of the present disclosure.

[6083] In one embodiment, the cocxistence manager may determing a second set of
parameters for the first RAT to reduce amount of interference on the GNSS receiver.
For example, the coexistence manager may define a different operating frequency,
power level, or time duration for the first transceiver. The coexistence manager may
determine if the measure of interference 1s reduced if the first RAT transceiver uses the
second set of parameters durning the second operating event. If ves, the coexistence
manager sends the second set of parameters to the first RAT to be used durning the

operating cvent,

[0084] In one embodiment, the operating cvent may be a scheduled operating event
mn the future. For example, the first RAT may send information corresponding to s
scheduled operating events in the future o the coexistence manager. The coexistence
manager may then calculate expected interference on the GNSS receiver during the
scheduled operating event using a predefined policy (2.5, interference data structure as
tllustrated in FIG. 4). In another embodiment, the operating event may correspond to a
current transmission event. In this case, the coexastence manager may measure one or
more parameters and determine the measure of interference on the GNSS receiver.. The
cocxistence manager may use the obtained information to decide whether ornot a

switch between different RATs 1 the device 1s beneficial for the GNSS recetver.

[B085] In one embodiment, the coexistence manager resides on the mobile device.
Therefore, the coexistence manager 1s able to obtain information about various RAT
tranaceivers operating on the device and decide whether or not to offload transmissions
from one RAT transceiver to another RAT transceiver to reduce interference on the

GNSS recerver.

{8086} FIG. 7 illustrates an embodiment of a method 700 that mayv be performed by
a device for managing cocxistence of a GNSS receiver with one or more RAT
transceivers. The method 700 may be performed using the devices of FIGS. 2-4. At 710,
the device obtains one or more parameters associated with a first transceiver of the one
0T more transceivers operating in accordance with a first radio access technology (RAT)
and corresponding to an operating event. The first transceiver is capable of operating in

accordance with one or more RATs. The one or more parameters may correspond to
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mterference associated with operation of the first transceiver in accordance with a first
RAT during the operating event. In onc embodiment, the device determines the
parameters based on a predefined policy. For example, the device retrieves the
parameters from memory and/or calculates one or more of the parameters. {n another
embodiment, the device measures some or all of the parameters corresponding to
transmissions from at least one of the first RAT transceivers. In vet another
embodiment, the device measures a first portion of the parameters and calcolates a
second portion of the parameters. At 720, the device determines if the one or more

parameters impacts an operation of the GNSS receiver.

[B087] At 730, the device determines if the one or more parameteors exceeds a
predefined threshold. If the one or more parameters impacts an operation of the GNSS
recetver and exceeds a predefingd threshold, at 740, the device instructs the first
transcetver to perform at feast one of selecting a sccond RAT, changing the onc or more
parameters or any combination thereof to transnut at least a first portion of a data
corresponding to the operating event. At 730, the device receives GNSS signals from
one or more space vehicles. At 769, the device performs {ocation determination using

the recoived GNSS signals.

|6088] In one embodiment, the device may have more than one {¢.g., mult-
constellation} GNSS receivers. In one example, onc or more of the GNSS recetvers may
be subject to interference from other RATs. Depending on the circumstances, different
GNSS receivers may be impacted the same or differently by the other RATs. For
example, a first GNSS receiver may experience coexistence interference from other
RATs while a sccond GNSS receiver may not be impacted or expenence smaller
mterference. For mstance, the second GNSS receiver may be directed 1o search a set of
GNSS constellations which are not impacted by the mterference (e.g., operate at
downlink frequencies that are not impacted). Other parameters such as direction of
antennas corresponding to cach GNSS receiver, operating times, and the like can
change impact of coexistence interference on cach GNSS receiver. The technigues
described herein may be used to reduce interference on one or more of the GNSS

FOCCCIVOLS.

[0089] FIG. 8 provides a schematic illustration of one embodiment of a computer
system 800 that can perform various blocks of the methods provided by various
embodiments. A computer system as illustrated in FIG. 8 may be incorporated as part of
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the previously described computerized devices, such as devices 200, 300, and 300. For
mstance, functions of a coexistence manager may be performed by a general-purpose
processor implemented as part of computer system 800, Further, devices 200, 300, and
500 may reside on a computerized mobile device, such as a tablet computer or cellular
phone that contains computer system 800, It should be noted that FIG. 8 is meant only
to provide a generalized llustration of various components, any or all of which may be
wtilized as appropriate. FIG. & therefore, broadly iHustrates how individual system
clements may be implemented 1n a relatively separated or relatively more integrated

manner,

{9098] The computer system %00 is shown compnsing hardware eleraents that can be
electrically coupled via a bus 803 {or may otherwise be m communication, as
appropriate). The hardware elements may include one or more processors 810,
mcluding without limitation one or more general-purpose processors and/or one or more
special-purpose processors {such as digital signal processing chips, graphics
acceleration processors, video decoders, and/or the Like); one or more input devices 815,
which can include without Hmitation a mouse, a keyboard, remote control, and/or the
like; and one or more output devices 829, which can mclude without limitation a display

device, a printer, and/or the hike.

[9091]  The computer system 800 may further include (and/or be in communication
with) one or more non-transitory storage devices 825, which can comprise, without
Emitation, local and/or network accessible storage, and/or can include, without
Emitation, a disk drive, a drive array, an optical storage device, a sohid-state storage
device, such as a random access memory (“RAM”), and/or a read-only memory
{"ROM™), which can be programmable, flash-updateable and/or the hike. Such storage
devices may be configured to implement any appropriate data stores, including without

batation, varicus file systems, database structures, and/or the like.

18692] The computer system 800 might also include a communications subsystem
830, which can include without limitation a modem, a network card (wireless or wired),
an mfrared communication device, a wireless communication device, and/or a chipset
{such as a Bluetooth™ device, an 802.11 device, a Wi-Fi device, a Wilax device,
celludar communication device, GSM, CDMA, WCDMA, LTE, LTE-A, LTE-U, etc.),

and/or the like. The commumications subsystem 830 may permit data to be exchanged
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with a network (such as the network described below, to name one example), other
computer systems, and/or any other devices described herein. In many embodiments,
the computer system 800 will further comprise a working memory 8335, which can

mclude a RAM or ROM device, as described above.

[8093] The computer system 800 also can comprise software elements, shown as
being currently located within the working memorv 835, including an operating system
R40, device drivers, executable Libraries, and/or other code, such as one or more
application programs 845, which may comprise computer programs provided by varions
embodiments, and/or may be designed to implement methods, and/or configure systems,
provided by other embodiments, as described herein. Merely by way of example, one or
more procedures described with respect o the method(s) discussed above might be
implemented as code and/or instructions executable by a computer (and/or a processor
within a computer); i an aspect, then, such code and/or instructions can be used to
conftigure and/or adapt a general purpose computer {or other device) to perform one or

more operations in accordance with the described methods.

[8094] A sct of these instructions and/or code might be stored on a non-transitory
computer-readable storage medium, such as the non-transitorv storage device(s) 825
described above. In some cases, the storage medium might be incorporated within a
computer system, such as computer system 800, In other embodiments, the storage
medium might be separate from a computer system {¢.g., a removable medium, such as
a compact disc), and/or provided in an instaliation package, such that the storage
medium can be used to program, configure, and/or adapt a general purpose computer
with the mstructions/code stored thercon. These instructions might take the form of
executable code, which 1s executable by the computer system 800 and/or might take the
form of source and/or installable code, which, upon compilation and/or installation on
the computer system 800 {e.g., using any of a variety of generally available compilers,
mstallation programs, compression/decompression utilities, cic ), then takes the form of

executable code.

[8095] It will be apparent to those skilled in the art that substantial varations may be
made in accordance with specific requirements. For example, customized hardware
might also be used, and/or particular elements might be implemented in hardware,

sottware (including portable software, such as applets, ¢tc.), or both. Further,
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connection to other computing devices such as network input/output devices may be

emploved.

[8096] As mentioned above, in one aspect, some embodiments may employ a
computer system (such as the computer system 800) to perform methods in accordance
with vartous embodiments of the invention. Aceording to a set of embodiments, some or
all of the procedures of such methods are performed by the computer system 200 in
response to processor 810 executing one or more sequences of one or more instructions
{which might be incorporated into the operating system 840 and/or other code, such as
an application program 843) contained i the working memory 835, Such instructions
may be read into the working memory 835 from another computer-readable medium,
such as one or more of the non-transitory storage device(s) 823. Merely by way of
example, execution of the sequences of mstractions contained in the working memory
835 might cause the processor(s} 810 to perform one or more procedures of the methods

described heremn.

18097) The terms “machine-readable medium,” “computer-readable storage medium”
and “computer-readable medium,” as used herein, refeor to anv medium that participates
n providing data that causes a machine to operate in a specific fashion. These mediums
may be non-transitory. In an embodiment mnplemented using the compuier system 800,
various computer-readable media might be involved in providing mstructions/code to
processor{s}) 810 for execution and/or nught be used to store and/or carry such
mstructions/code. In many implementations, a computer-readable mediam 1s a physical
and/or tangible storage medium. Such a mediom may take the form of a non-volatile
media or volatile media. Non-volatile media include, for example, optical and/or
magnetic disks, such as the non-transitory storage device(s} 825. Volatile media

include, without limitation, dynamic memory, such as the working memory 835,

[8698] Common forms of physical and/or tangible computer-readable media include,
for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other
magnetic mediom, 3 CDR-ROM, any other optical mediom, any other physical mediom
with pattermns of marks, a RAM, a PROM, EPROM, a FLASH-EPROM, any other
memory chip or cartnidge, or any other medium from which a computer can read

mstructions and/or code.
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[809%] Various forms of computer-readable media may be ivolved in carrving one or
more sequences of one or more matructions to the processor(s) 810 for execution.
Merely by way of example. the instractions may initially be carried on a magnetic disk
and/or optical disc of a remote computer. A remote computer might load the
mstructions o its dynamic memory and send the instructions as signals over a

transmission medium to be received and/or executed by the computer system &00.

[80108] The communications subsvstem 830 {and/or components thereof) generally
will recetve signals, and the bus 805 then might carry the signals (and/or the data,
imstructions, eic. carried by the signals} to the working memory 833, from which the
processor{s) 810 retricves and executes the instructions. The nstructions received by
the working memory 835 may optionally be stored on a non-transitory storage device

825 either before or after execution by the processor(s) 810

{80101} Tt should further be understood that the components of computer system 800
can be distributed across a network. For example, some processing may be performed in
one location using a first processor while other processing may be performed by another
processor remote from the first processor. Other components of computer system 800
may be similarly distributed. As such, computer svstem 800 may be interpreted as a
distributed computing system that performs processing in multiple locations. In some
mstances, computer system 800 may be interpreted as a single computing device, such

as a distinct laptop, desktop computer, or the like, depending on the context.

[80102] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add varnous procedures or components as
appropriate. For instance, 1 alternative configurations, the methods may be performed
it an order different from that described, and/or various stages may be added, omitted,
and/or combined. Also, features described with respect to certain configurations may be
combined in various other configurations. Different aspects and elements of the
configurations may be combined in a similar manner. Also, tochnology evolves and,
thus, many of the elements are examples and do not limit the scope of the disclosure or

clauns.

100103} Specific details are given in the descnption to provide a thorough
understanding of example configurations (including tuplementations}. However,

configurations may be practiced without these specific details. For example, well-
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known circuits, processes, algorithms, structures, and technigues have been shown
without unnecessary detail 1n order to avoid obscuring the configurations. This
description provides example configurations only, and does not limit the scope,
applicability, or configurations of the claims. Rather, the preceding description of the
configurations will provide those skilled in the art with an enabling description for
implementing described techmiques. Various changes may be made in the function and

arrangement of clements without departing from the spirit or scope of the disclosure.

[80104] Also, configurations may be described as a process which is depicted as a flow
diagram or block diagram. Although cach may describe the operations as a sequential
process, manv of the operations can be performed in parallcl or concurrently. In
addition, the order of the operations may be rearranged. A process may have additional
steps not included in the figure. Furthermore, examples of the methods may be
implemented by hardware, software, firmware, middieware, microcode, hardware
description languages, or any combination thereof. When implemented i sofiware,
formware, middleware, or microcode, the program code or code segments to perform the
necessary tasks may be stored in a non-transitory computer-readable medium such as a

storage mednun. Processors may perform the described tasks.

[80105] Having described several example configurations, various modifications,
alternative constructions, and equivalents may be used without departing from the spirnit
of the disclosure. For example, the above clements may be components of a larger
system, wherein other nules may take precedence over or otherwise modify the
application of the invention. Also, a number of steps may be undertaken before, dunng,

ot after the above elements are considered.
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WHAT IS CLAIMED IS:

1. A method for managing co-cxistence of a global navigation
sateliite svstem (GNSS) recetver with one or more {ransceivers, comprising:

obtaining one or more parameters associated with a first transceiver of
the one or more transceivers operating in accordance with a first radio access
technology (RAT) and corresponding to an operating event, wheremn the first transceiver
15 capable of operating in accordance with one or more RATs;

determining that the one or more parameters impacts an operation of the
(GNSS receiver and exceeds a predefined threshold;

mstructing the first transceiver to perform at least one of selecting a
second RAT, changing the one or more parameters or any combination thereof to
transmit at least a first portion of a data corresponding to the operating event based on
the determination that the one or more paramcters impacts the operation of the GNSS

recerver and exceeds the predefined threshold.

2. The method of claim I, wherein the selecting comprises:
switching, on the first transceiver, from a first mode of operation
corresponding to the first RAT to a second mode of operation corresponding to the

second RAT.

3. The method of claim 1, further comprising:
mstructing a second transceiver to operate in accordance with the second
RAT to transmit at least a second portion of the data corresponding to the operating

event.

4. The method of claim I, wherein the first RAT and the second

RAT chare a conmunon access technology but utilize different operation frequencics.

5. The method of claim 1, wherein the GNSS receiver operates

during at least a portion of the operating event.

6. The method of claim 1, wherein the one or more parameters
correspond to concurrent operation of the first transceiver and another transceiver of the
one or more transceivers, wherein the other {ransceiver operates in accordance with a

third RAT.
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The method of claim 1, wherein the operating eventisa
scheduled operating event in the future, and wherein obtaining the one or more
parameters Comprises:

determining the one or more parameters based on a predefined policy.

8. The method of claim 1, wheremn the operating event 1s a current
operating event, and wherein obtaining the one or more parameters Comprses:

measuring the one or more parameters during the operating event,

9. The method of claim 1, wheren obtaining the one or more
parametcrs comprises:

receiving a report of measurement of the one or more parameters.

10.  The method of claim |, further comprising:

determining one or more gpdated values for the one or more parameters;
and

instructing the first transceiver 1o use the updated values for the one or

more parameters in an upcoming operating event.

11, The method of claim 1, wheremn the first RAT corresponds to a
first type of wireless network, and the second RAT corresponds to a second type of

wireless network.

12, The method of claim 11, wherein the first type of wireless
network comprises a wireless wide arca network (WWAN), and the second type of

wireless network comprises a wireiess local area network (WLAN),

13, The method of claim 1, wherein the second RAT corresponds to

peer-to-peer comnunications,

14, 'The method of claim 1, whercin the furst portion of the data
corresponding to a first application 1s offloaded to the second RAT while a second
portion of the data corresponding to a second application is transmitted using the first

RAT.

237-



WO 2016/126393 PCT/US2016/013080

15, An apparatus for managing co-gxistence of a global navigation
satellite system (GNES) recetver with one or more transceivers, comprising:

the GNSS receiver;

the one or more ransceivers;

4 memorny;

at least one processor coupled to the GNSS receiver, the one or more
transceivers and the memory, wherein the at least one processor is configured to

obtain one or more paramcters associated with a first transceiver of the
one or more transceivers operating m accordance with a first radio access technology
{RAT) and corresponding to an operating event, wherein the first transcetver is capable
of operating in accordance with one or more RATs;

determine that the one or more parameters impacits an operation of the
GNSS receiver and exceeds a predefined threshold;

instruct the first transceiver to perform at least one of selecting a second
RAT, changing the one or more parameters or anv combination thereof to transmit at
Ieast a first portion of a data corresponding to the operating event based on the
determination that the one or more parameters impacts the operation of the GNSS

receiver and exceeds the predefined threshold.

16.  The apparatus of claim 15, wherein the at least one processor is
further configured to instruct the first transceiver to switch from a first mode of
operation corresponding to the first RAT to a second mode of operation comresponding
to the second RAT.

17.  'The apparatus of claim 15, wherein the at least one processor is
further configured to:

instruct a second transceiver to operate in accordance with the second
RAT to transmit at least a second portion of the data corresponding to the operating

event.

18, 'The apparatus of claim 15, wherein the first RAT and the second

RAT sharc a conunon access technology but utilize ditferent operation frequencies.

19, The apparatus of claim 15, wherein the GNSS receiver operates

during at least a portion of the operating event.
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20, The apparatus of claim 15, wherein the one or more parameters
correspond to concurrent operation of the first transceiver and another transceiver of the
ong or more transeeivers, wherein the other transceiver operates in accordance with a

third RAT.

2%, The apparatus of claim 15, wherein the operating event is a
scheduled operating event in the future, and wherein the at least one processor is further

configured o determine the one or more parameters based on a predefined policy.

22, The apparatus of claim 15, wheremn the operating event is a
current operating event, and wherein the at least one processor 1s further configured to

measure the one of more parameters daring the operating event.

23, The apparatus of claim 15, wherein the at least one processor is
further configured to:

receive a report of measurement of the one or more parameters.

24 The apparatus ot claim 15, wherein the at least one processor is
further contigured to:

determine one or more updated values for the one or more parameters;
and

instruct the fivst transceiver to use the updated values for the one or more

parameters in an upcoming operating event,

25, The apparatus of claim 15, wherein the first RAT corresponds to
a first type of wircless network, and the second RAT corresponds to a second type of

wireless network.

26.  The apparatus of claim 25, wherein the first type of wircless
network comprises a wireless wide arca network (WWAN), and the second type of

wireless network comprises a wireless local area network (WLAN).

27.  The apparatus of claim 15, wherein the second RAT corresponds

to peer-to-peet conumunications.

28, The apparatus of clasm 13, wherein the first portion of the data

corresponding to a first application 1s offloaded to the second RAT while a second
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portion of the data corresponding to a second application is transnutied using the first

RAT.

29, An apparatus for managing co-existence of a global navigation
satellite system (GNSS) recetver with one or more transceivers, comprising:

means for obtaining one or more parameters associated with a first
transceiver of the one or more transceivers operating in accordance with a first radio
access technology (RAT) and corresponding to an operating event, wheremn the first
transceiver is capable of operating in accordance with one or more RATs;

means for determining that the one or more parameters impacts an
operation of the GNSS receiver and exceeds a predefined threshold;

means for mstructing the first transceiver to perform at least one of
selecting a second RAT, changing the one or more parameters of any combination
thereof to transmit at least a first portion of a data corresponding to the operating event
based on the determination that the one or more parameters impacts the operation of the

GNSS receiver and exceeds the predefined threshold.

30. A non-transitory processor-readable medium for managing co-
existence of a global navigation satellite system (GNSS} receiver with one or more
transceivers, comprising processor-readable mstructions configured to cause one or
OTe Processors 1o

obtain one or more parameters assoctated with a first transceiver of the
one or mare transceivers operating i accordance with a first radio access technology
{RAT) and corresponding to an operating event, wherein the first transceiver is capable
of operating in accordance with one or more RATs;

determine that the one or more parameters impacts an operation of the
GNSS receiver and exceeds a predefined threshold;

wnstruct the first transceiver to perform af least one of selecting a second
RAT, changing the one or more parameters or any combination thereof to transmit at
least a first portion of a data corresponding to the operating event based on the
determination that the one or more parameters impacts the operation of the GNSS

receiver and exceeds the predefined threshold.
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