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(57) Abstract: Various arrangements are presented for managing coexistence of a global navigation satellite system (GNSS) receiver
with a radio access technology (RAT) transceiver. A coexistence manager may receive an indication of a characteristic of a RAT
transceiver for a scheduled operating event. Based on the characteristic of the RAT transceiver for the operating event, the coexist -
ence manager may select a space vehicle of a GNSS to use for a location determination by the GNSS receiver. The GNSS receiver
may then receive a signal from the space vehicle of the GNSS during the operating event of the RAT transceiver. Location determin-
ation using the signal received from the space vehicle received during the operating event of the RAT transceiver may then occur.
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Systems and Methods for Managing the Coexistence of a GNSS receiver
and a RAT Transceiver

BACKGROUND

186801} Conventionally, when a radio access techmology (RAT) transceiver is
transmitting data wirclessly via an antenna, a global navigation satellite system (GNSS)
recciver located on the same device may not be able to process received GNSS sigoals
for performing a location determination. When transmitting, 2 RAT transceiver may, in
some situations, produce a sufficient amount of noise that negatively affects the ability
ot the GNSS receiver to properly receive and process GNSS signals. The GNSS
receiver may be instructed to blank or otherwise ignore GNSS signals received while
the RAT transceiver is transmitting.  Such arrangemonts may result in significant
periods of time during which a location determination cannot be performed by the
(GNSS receiver. Such an occurrence may be exacerbated if multiple RAT transceivers

are present on the device.

SUMMARY

[3802] In some embodiments, a method for managing coexistence of a global
navigation satellite system (GNSS) receiver with a radio access technology (RAT)
transceiver is preserted. The method may inchade receiving, by a coexistence manager,
from the RAT transceiver, an indication of a characteristic of the RAT transceiver fora
schedoled operating event. The method may inclode selecting, by the coexistence
manager, a space vehicle ot a GNSS to use for a location determination by the GNSS
receiver based on the characteristic of the RAT transceiver for the operating event. The
method may include receiving, by the GNSS receiver, a signal from the space vehicle of
the (GNSS during the operating event of the RAT transceiver. The method may inclade
performing, by the GNSS receiver, the location determination using the signal received
from the space vehicle of the GNSS received during the operating event of the RAT

transceiver.

[8083] Embodiments of such a method may include one or more of the following:
Sclecting, by the coexistence manager, the space vehicle of the GNSS to use fora
location determination by the GNSS receiver may include determining, by the
cocxistence manager, an ordering of a plurality of space vehicles based on the

-
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characteristic of the RAT transceiver for the scheduled operating event. 1t may also
inchude selecting, by the coexistence manager, the space vehicle of the GNSS based on
the ordering of the plurality of space vehicles. The method may inchude determining,
by the coexistence manager, signals from a sufficient number of space vehicles will not
be acquired based on the characteristic of the RAT transceiver veceived by the
coexistence manager. The method may include transmitting, by the coexistence
manager, a message to the RAT transceiver that recommends limiting a transmit power
level for the scheduled operating event such that signals from a sufficient nursber of

space vehicles will be acquired during the operating event of the RAT transceiver.

[6004] Additionally or alternatively, embodiments of such a method may include
one or more of the following: The method may inchude calculating, by the coexistence
manager, an order of a plorality of space vehicles, wherein the order is based on a
magnitude of effect of the characteristic of the RAT transceiver for the operating event
on the location determination of the GNSS receiver. Selecting the space velicle of the
(GNSS o ase for a location determination of the GNSS receiver may be based on the
order. The method may include determining, by the coexistence manager, a time at
which to schedule the operating cvent of the RAT transceiver to occur. The method
may include transnutting, by the coexistence manager, to the RAT transceiver, a
message that recommends the time for the operating event to occur. The method may
include determining, by the coexistence manager, a frequency at which the operating
event of the RAT transceiver is to cccur. The method may include transmitting, by the
coexistence manager, to the RAT transceiver, a message that recommends the frequency
{0 usc for the operating event. The method may include determining, by the cocxistence
manager, a power level for the operating event. The method may include transmitting,
by the coexistence manager, to the RAT transceiver, a message that recommends the
power level for the operating event. The method may include selecting, by the
cocxisience manager, the GNSS from a plurality of global navigation satclite sysicms
available for location determination based on the characteristic of the RAT transceiver
for the operating cvent. Selection of the space vehicle of the GNSS to use for the
location determination of the GNSS receiver occurs may be within a preselected GNSS,
The characteristic of the RAT transceiver may be selected from the group consisting of:
a planmed time window; a polarization; a planned frequency; and a plammed power level.

The coexistence manager may be integrated with the GNSS receiver.

g
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{8805} In some embodiments, a system for managing cocxistence of a global
navigation satellite system (GNSB) receiver with a radio access technology (RAT)
fransceiver is presented. The system may include a coexistence manager. The
coexistence manager may be configured to receive, from the RAT transceiver, an
indication of a characteristic of the RAT transceiver for a scheduled operating event.
The coexistence manager may be configured to select, a space vehicle of a GNSS to use
for a location determivation by the GINSS receiver based on the characieristic of the
RAT transceiver for the operating event. The system may include a2 GNSS recetver,
The GNSS receiver may be configured to receive a signal from the space vehicle of the
(GNSS duoring the operating event of the RAT transceiver. The GNSS receiver may be
configured to perform the location deterounation using the signal received from the

space vehicle of the GNSS received during the operating event of the RAT transceiver,

16806} Embodiments of such a system may include one or raore of the following
features: The coexistence manager being configured to select the space vehicle of the
(GNSS o ase for a location determination by the GNSS receiver may include the
coexistence manager being configured to: determine an ordering of a phurality of space
vehicles based on the characteristic of the RAT transcetver for the scheduled operating
event; and select the space vehicle of the GNSS based on the ordering of the plurality of
space vehicles. The coexistence manager may be configured to determine signals from
g sufficient number of space vehicles will not be acquired based on the characteristic of
the RAT transceiver recetved by the coexistence manager. The cocxistence manager
may be configured to transmit 2 message to the RAT transeciver that recornmends
limiting a transmit power level for the scheduled operating event such that signals from
a sufficient number of space vehicles will be acquired during the operating event of the
RAT transceiver. The coexistence manager may be configured fo caleulate an order of
a plorality of space vehicles, wherein the order is based on a magnitude of effect of the
characteristic of the RAT transceiver for the operating ovent on the location
determination of the GNSS receiver. Sclection of the space vehicle of the GNSS 1o use

for a location determination of the GNSS receiver may be based on the order.

{8887} Additionally or alternatively, embodiments of sach a system may include
one or more of the following features: The coexistence manager may be configured to

determine a time at which 1o schedule the operating event of the RAT transceiver to

3.
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occur. The coexistence manager may be configured to transmit to the RAT transceiver,
a message that recommends the time for the operating event to occur. The coexistence
manager may be contfigured to determine g frequency at which the operating event of
the RAT transceiver is to occur. The coexistence manager may be configured to
transmii, to the RAT transceiver, a message that recommends the frequency to use for
the operating event. The coexistence manager may be configured to determine a power
fevel for the operating event. The cocxistence manager may be configured to transmit,
to the RAT transceiver, a message that recormmends the power level for the operating
event. The coexistence manager may be configured to select the GNSS from a plurality
of global navigation satcliite systems available for location determination, based on the
characteristic of the RAT transceiver for the operating event. The coexistence manager
may be configured to select the space vehicle of the GNSS to use for the location
determination of the GNSS receiver occurs within a preselected GNSS. The
cocxisience manager may be integrated with {e.g., onboard) the GNSS receiver. The
cocxistence manager may be implemented in a processor separate from the GNSS

recetver,

R In some embodiments, an apparatus for managing coexistence of a global
navigation satellite system (GNSS) receiver with a radio access technology (RAT)
transceiver. The apparatus may melude means for receiving, from the RAT transceiver,
an indication of a characteristic of the RAT transceiver for a scheduled operating event.
The apparatus may inchide means for selecting a space vehicle of a GNSS to use fora
location determination by the GNSS receiver based on the characteristic of the RAT
transceiver for the operating event. The apparatus may include means for receiving a
signal from the space vehicle of the GNSS during the operating event of the RAT
transceiver. The apparatus may include means for performing the location
determination using the signal received from the space vehicle of the GNSS received

during the operating event of the RAT transceiver.

[8009] Embodiments of such an apparatuos may inchide one or more of the
following features: The means for selecting the space vehicle of the GINSS to use for a
location determination by the GNSS receiver may include : means for determining an
ordering of a plurality of space vehicles based on the charactenistic of the RAT
transcetver for the schedoled operating event; and means for sclecting the space vehicle

A
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of the GNSS based on the ordering of the phurality of space vehicles. The apparatus
may inclode means for determining signals from a sufficient munber of space vehicles
will not be acquired based on the characteristic of the RAT transceiver received by the
coexistence manager. The apparatus may fnclude means for transmitting a message to
the RAT transceiver that recommends lniting a transmit power level for the scheduled
operating event such that signals from a sufficient namber of space vehicles will be
acquired during the operating event of the RAT transceiver. The apparatus may include
means for caleulating an order of a plurality of space vehicles, wherein the order is
based on a magnitude of effect of the characteristic of the RAT transceiver for the
operating event on the location determination of the GNSS receiver. The means for
sclecting the space vehicle of the GNSS to use for a location determaination of the GNSS
receiver may be based on the order. The apparatus may include means for determining
a time at which to schedule the operating event of the RAT transceiver to vecur. The
apparatus may include means for transmitting to the RAT transceiver, a message that

recoromends the time for the operating event to occur.

[6810] In some embodiments, a non-transitory processor-readable medium for
managing coexistence of a global navigation sateliite system (GNSS) receiver with a
radio access technology (RAT) transceiver is presented. The non-iransitory processor-
readable medivm may include processor-readable instructions configured to cause oune
Of MOTe processors to recetve, from the RAT transceiver, an indication of a
characteristic of the RAT transceiver for a scheduled operating event. The instructions
may be configured to cause the one or more processors to select, a space vehicie of a
(GNSS 1o use for a location determination by the GNSS receiver based on the
characteristic of the RAT transceiver for the operating event. The instructions may be
configured to cause the one of more processors to receive, a sigonal from the space
vehicle of the GNSS during the operating cvent of the RAT transceiver. The
mstroctions may be configured to cause the one or more processors to perform, the
location determination using the signal received from the space vehicle of the GNSS

reccived during the operating event of the RAT trapsceiver.

18811} Embodiments of such a non-transitory processor-readable medium may
melude one or more of the following: When executed, the instructions that cause the
one or more processors to sclect the space vehicle of the GNSS to use for a location

-5
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determination by the GNSS recciver may inchide processor-readable instractions which,
when executed, cause the one or more processors to determine an ordering of a phurality
of space vehicles based on the characteristic of the RAT transceiver for the scheduled
operating event; and select the space vehicle of the GN3S based on the ordering of the
plurality of space vehicles. The mstructions, when executed, may cause the one or more
processors {o determine signals from a sufficient number of space vehicles will not be
acquired, based on the characieristic of the RAT transceiver received by the coexistence
manager. The mstructions, when executed, may cause the one of more processors to
transmit a message to the RAT transeeiver that recommends Hmiting a transmit power
level for the scheduled operating event such that signals from a sufficient number of

space vehicies will be acquired during the operating event of the RAT transceiver,

BRIEF DESCRIPTION OF THE DRAWINGS

[B8812] A further understanding of the nature and advantages of various
e¢mbodiments may be realized by reference to the following figures. In the appended
figures, similar components or features muay 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 is used in the specification, the description is applicable to
any one of the similar components having the same first reference label irrespective of

the second reference label

16813] F1G. 1 ilustrates an eombodiment of a system that includes a GNSS receiver

and multiple RAT transceivers.

18814} FIG. 2 illustrates an embodiment of a systers having a coexistence manager

(CxM) as part of a GNSS receiver.

18815} FI1G. 3 illustrates an cobodiment of a system having a cocxistence manager

separate from a GNSS recetver.

18816} FIG. 4 illustrates an emobodiment of a method for managing the coexistence

of a GNSS recetver with one or more RAT transcetvers,

{8617} FIG. 5 illustrates an embodiment of a method for managing the coexistence
of a GNSS receiver with one or more RAT transceivers based on a maintained data

structure.
-
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{8818} FIG. 6 illustrates an embodiment of a method for managing the coexistence

of a GNSS receiver with one or more RAT transceivers by altering operation of a RAT

transceiver.
[8819] FIG. 7 illustrates an embodiment of a computer systemn.
DETAILED DESCRIPTION
18428} Rather than having a global navigation satellite systers (GNSS) receiver

blank or otherwise ignore GNS3 signals while one or more radio access technology
{RAT) transceivers are transmitting, an analysis can be performed by a Coexistence
Manager (CxM} to determine how to handle location (position) determination and/or
transmissions by the one or more RAT transceivers. While one or more RAT
transceivers are fransmitting, it may be desirable to determine the location of a mobile
device, on which the one or more RAT transcetvers and the GNSS receiver are located.
Such location determination may be desirable even if some amount of interference with
the reception of GNAS signals by the GNSS receiver occurs due to one or more RAT

tramsceivers fransmitting wireless signals.

18821} Many factors may affect whether a RAT transceiver’s transnussions cause
substantial mterference 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 orno
interference with the GNSS recetver. In other situations, the RAT transceiver’s spectral
cmissions of harmonics may cause interference with the GNSS receiver. When multiple
RAT transceivers of a device are transmitting at a same time, various harmonic and/or
miermodulation frequencies may be created that can cause fnterference with the GNSS

receiver.

16622 To avoid interference from one or more RAT wransceivers, a GNSS recetver
with an integrated CxM {or in commumication with a separate CxM) may be able to
select GNSS signals output from space vehicles (SVs) that arc the least impacted by the
interterence from the one or more RAT transceivers. Specifically, the CxM may select
GNSS signals from specific space vehicles (SVs) that have a higher signal-to-noise ratio

{8NR}, such as due to the power level of the sigoal output by the SV or due to the

-
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proximity of the 8V, The GNSS receiver may also be able to select among multiple
(GNSS constellations {¢.g., GPS, GLONASS, Galileg), which operate on different
frequencics and have other differing operating characteristics, o avoid mterference
from one or more RAT transceivers. As the fransmit environment changes (that is,
which RAT transceivers are transmitting, on which frequencies, and at which power
level), the GNSS recetver may adjust which GNSS signals {possibly among multiple
GNSS consicllations) are received and are used for location determination while the one

or more RAT transceivers are transmitting.

[6823] The CxM, which may be integrated with the GNSS receiver ormay be a
sgparate component in comnumication with the GNSS recciver and the one or more
RAT transceivers, may be further configured 1o issue commands to the one or more
RAT transceivers. The commands may define power levels, frequencies, and/or time
periods (also referred to as time windows) during which the RAT transceivers are
permitied to transmit. Whether a CxM issues commands 1o the one or more RATs that
affect the transmit characteristics of the one or more RATs may be based on whether the
CxM anticipates the GNSS receiver being able to successtully receive and process
(GNSS signals from a sufficient sumber of 8Vs {typically at least 3 or 4) while the one
or more RATs are transmitting. 1 such reception and processing are expected to be
successful, no adjustments in the transmit characteristics of the one or more RAT

transceivers may be necessary.

[0624] FIG. 1 illustrates an embodiment of a system 100 that inchides a GNSS
recciver and multiple RAT transceivers. System 100 includes three RAT transceivers
110-1, 116-2, and 110-3, GNSS recetver 120, antennas 130-1, 130-2, 130-3, and 130-4,
processing module 140, and wired transceiver 150, System 100 may be present onboard
a mobile, wireless device. For instance, system 100 may be found in a cellolar
telephone, tablet computer, or some other device that is capable of determining its
position using a GNSS receiver and communicating via one or more RAT transceivers,
The device on which system 100 may be found can be referred to, for example, as user
cquipment or a mobile station. In addition to celiular phones, such a system may be

present on a dedicated GNSS receiver device, such as a car navigation device.

{6825] Inosystem 100, three RAT transceivers 110 are present. At various times,

cach of these RAT transceivers 110 may transmit signals wirclessly via associated

-R-



WO 2015/167944 PCT/US2015/027412

antenmas 130, RAT transceivers 110 may be transmitting while no other RAT
transceiver s transmitting or may transmit concurrently while one or more other RAT
transceivers of RAT transceivers 110 are transmiiting. Therefore, at a given time, zero,
one, of more than one RAT transceivers of RAT transceivers 110 may be fransmiiting

wireless signals.

186826} Fach of RAT transceivers 110 may correspond to a different wireless
technology/protocol. For example, RAT transceiver 110-1 may correspond to a cellular
communication protocel, such as 4G LTE, 3G, or GSM. RAT transceiver 110-2 may
correspond to a wireless local arcs network protocol such as 802, 1la/b/g. RAT
transceiver 110-3 may correspond to 2 device-to-device coramunication
technology/protocel, such as Bluctooth®. In some embodiments, one or more RAT
transceivers may correspond to the same technology/protocol. While the illustrated
embodiment of system 100 contaios 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 system 100,

6827} Each of RAT transceivers 110 may be associated with an antenna, RAT
tranaceiver 110-1 may use antenma 130-1 to transmit {and, possibly, receive) wireless
signals; RAT transceiver 110-2 may use antenna 130-2 to transmit {and, possibly,
receive) wircless signals; and RAT tramsceiver 110-3 may use antenoa 130-3 to transprit
{and, possibly, receive) wireless signals. In some embodiments, two or more RAT
transcetvers of RAT transceivers 110 may share a single antenna. Also, one or more
RAT transceivers of RAT transceivers 110 may transmit using two or more antennas. A
RAT transceiver of RAT transceivers 110 may be peroutted to switch transmission from
a first antenma to a second antenna. In some embodiments, it may also be possible that

GNSS receiver 120 may share an anterma with one or more RAT transceivers 114,

16628} RAT transceivers 110 may be in commumication with processing module
140. Data may be received from processing module 140 for transmission and received
data may be provided to processing module 140, Processing module 140 may represent
One OF MOTC processors in communication with non-transitory processor-readable
memory. Processing module 140 may be responsible for execution of a8 high-level

operating system (HLOS) and/or the exccution of one or more applications that use one
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or more RAT transcetvers of RAT transcetvers 110 to transmat data and/or uses

locations determined by GNAS receiver 120,

18829} GNSS receiver 120 may be a standalone component (e.g., a separate
miegrated circuit chip) or may be a part of a processor of processing module 140, For
nstance, some processors can have a GNSS receiver onboard. Whether integrated imto
a mulii-purpose processor o a standalone component, GNSS receiver 120 is capable of
determining its position based on received GN3S signals. Such GNSS signals may be
received via antenna 130-4. Antenna 130-4 may be dedicated to GNSS receiver 120 or
may be shared with one or more other components, such as one or more of RAT

transceivers 110,

8830} Any of RAT transceivers 110 transmitting may or may not interfere with
successtul reception and processing of GNSS signals by GNSS receiver 120, Whether
any or sufficient interference occurs to affect the performance {e.g., reception and
processing) of GNSS receiver 120 may be dependent on various operating
characieristics of gach RAT transceiver: the frequency on which the RAT transceiver is
transmitting, the power level at which the RAT transceiver is fransmitting, and/or which
antenna the RAT transceiver is using. When two or more RAT transceivers of RAT
transceivers |10 are transmitting concurrently, interference at one or more harmonic
frequencies may be created that otherwise would not exist. Imterference at such
frequencies may not be created if cach of the RAT transceivers transmitting was

transmitting during a different time period.

{6431} fn addition to nterforence being caused by RAT transceivers 110,
terference may be caused by one or more wired transceivers, such as wired transceiver
150, A wired transceiver 150 may be configured to transmit and/or receive data via a
commected wire, such as via a USB3 wired connector and protocol. While a single wired
transceiver 130 1s depicted n FIG. 1, it should be understood that no wired transceivers
or more than one wired trapsceiver may be present. Wired transceiver 150 may be in
communication with processing module 140, Data may be received from processing
maodule 140 for transmission and received data may be provided to processing module

140,

18832} While this document focuses on communication between RAT transceivers

110, GNAS receiver 120, and a CxM (as described in relation to FIGS. 2 and 3), 1t

~10-
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should be understood that one or more wired transceivers 150 may produce interference
and may be controlled to help reduce or mitigate interference. A wired transceiver,
stimilar to @ RAT transceiver, may provide a OxM an indication of an upcoming
operating cvent. As such, embodiments detailed herein related 1o RAT transceivers 110
may be applicable to one or more wired transceivers 150, For instance, a mobile device
having system 100 onboard may have one or more RAT transceivers 110 and/or may
have one or more wired transceivers, such as wired trapsceiver 150, Regarding wired
transmitiers, USH an PCle interfaces are forms of wired transceivers and receivers may
cause interference. Further, embodiments detailed herein may be applicable when no
RAT transceivers and/or no wired transceivers are present of operating. In such
cmbodiments, interference may be caused by other sources, such as power supplies,

exiernal devices, and/or other internal componentry.

16833} Whether or not any or sufficient interference occurs to affect the
performance of GNSS receiver 120 may be further dependent on the current operating
characteristics of GNSS receiver 120, The proximity (distance) between GNSS receiver
120 {and antenna 130-4) to the GNSS SVs from which GNSS signals are being received
and precessed may atfect how nwch interference can be tolerated. The GNSS
constellation and/or the specific SV within the constellation being used may affect how
interference affects the GNSS recetver because of different frequencies, power levels,
SV health, obstructions (duc to the direction of the constellation’s SVs in relation {o the

GNSS receiver), and/or orthogonality scherae.

{6634] While not illustrated in FIG. 1, communication directly between GNSS
recciver 120 and one or more RAT transceivers of RAT transceivers 110 may be
possible. Such communication may permit instructions to be sent from GNSS receiver
120 to the one or more RAT transceivers. Further, data may be transmitted from one or

more RAT transceivers of RAT transceivers 110 to GNSS receiver 120,

{8835} In some embodiments, a CxM may be tntegrated as part of 3 GNSS receiver.
For instance, GNSS receiver 120 may have an integrated CxM. FiG. 2 illustrates an

cmbodiment of a system 200 having a coexistence manager as part of a GNSS receiver,
System 200 may inchade: GNSS recetver 120, RATs 240, and communication interface

250. System 200 may represent an emwbodiment of system 100 of FIG. L

-11-
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18836} As illustrated, RATs 240 melude three RAT transceivers 110 and associated
antennas 130, 1t should be understood that, in other embodiments, fewer or greater
pumbers of RAT transceivers and/or antonnas may be present. Some or all of RAT
transceivers 110 may be configured to rececive comamands from and/or transmit data to
GNSS receiver 120, Some or all RAT transceivers may be configured to provide GNSS
receiver 120 information aboot one o more apcoming transmissions. The information
(which may be referred to as g characteristic) about the one or more upcoming
transmissions may tochude: the time of the start of the transmission, end time of the
transmission, and/or time window {also referred to as the fime period) of the
transmission; an indication of the RAT; the frequency of the transmission; and/or the
power level of the transmission. Some or all RAT transceivers may be configured to
receive commands from QN33 receiver 120, The commands may include: an
allowable transmission power level; one or more allowable frequencies; and/or one or

more allowable transmission times.

{8837} OMNSS receiver 120 may inchude: measurement engine 210, position engine
220, and coexistence manager (CxM) 230 implemented as part of controller 235, A
measurement engine 210 can process the timing data received via an anteona from
multiple sateliites of one or more global navigation satellite systems. Based on the
received timing data, correlators can be used to determine timing information by the
measurcment engine. Based on the calculated timing information using the correlators,

a pseudorange can be determined by measurement engine 210.

{8638} The pseudorange calculations made by measurement engine 210 may be
output {c.g., to another component, an application being executed, or a high-level
operating system) and/or may be passed to posttion engine 220. Position engine 220,
based on the pseudorange calculations from measurement engine 210, may determine a
focation of GNSS receiver 120 in the form of coordinates. These coordinates may be
provided to an application and/or high level operating system being exceuted by a host
processor for use as a location of GNSS receiver 120 or, more generally, as the location

of the device that includes system 200, such as a cellular phone or tablet computer.

[6639] CxM 230 may be part of a controller 235 of GNSS receiver 120, In addition
to performing other functions, coniroller 235 may perform the fonctions of CxM 230,

CxM 230 may serve to manage a GNSS-based location deternination such that a
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location of GNSS receiver 120 can be determined while operation events are ocourring

at one or more RATs 240,

18840} CxM 230 may be configured to maintain an SV interfercnee data strocture
232 that indicates an amount of interference experienced by GNSS recetver 120 when
various RAT trapsceiver operating events are occurring. For instance entrics may be
created amd periodically updated 1 SV interference data structure 232 that classifies
specific operating events at RAT transceivers 110, Eniries may be maintained not only
for operating events of specific RAT transceivers of RAT transceivers 110, but also for
combinations of multiple RAT transceivers of RAT transceivers 110, Such
combinations may be important due to additional interference caused by
miermodulation effects that can occur when two or more RAT transceivers 110 are
transmitting at a same thme. SV interference data stractore 232 may maintain
information about the smount of juterference received by (GNSS receiver 120 whena
RAT transceiver 18 transmitting at specific frequencies and/or specific power levels. SV
interference data structure 232 may also maintain information about the amount of
interference received by GNSS receiver 120 for other forms of operating events
performed by RAT transceivers 110 besides transmitt events. For instance, receive
events may also cause an amount of interference to be experienced by GNSS receiver

120,

18841} Table 1, presented below, is a simplified, exemplary table that can represent
SV interference data stracture 232 that may be maintained by CxM 230. Such a data
structure may be maintained for each SV from which the GNSS receiver receives GNSS
signals, It should be understood that this table is mercly exeroplary and other
embodiments may contain additional or less information and/or may be maintained in a

different format.

SV-1 {of a specific | Freguency Power Level Interference
GNSS)

RAT I~ Transmit | {1 MHz Pl dBm it dB

Event

RAT 2- Transmit | 2 MHz P2 dBm 2 dB

Event
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RAT and 2 - 3 MHz= P3 dBm 3 dB8

Transmit Events

RAT 1 - Receive 4 Mtz P4 dBm i4 dB
Fvent
RAT L 2,and 3 - {5 MHz P5 dBm Is dB

Transmit Event

RAT 3- Transmit | f6 MHz P6 dBm I6 dB

Event

SV Interfevence - Table 1

18842} Many more entries may be present and may be updated as the operating

events occur. Table 1 is organized by SV. Therefore, for each SV in each GNSS used
by the GNSS receiver, a scparate table may be maintained. Table 1 provides an cutry
for cach combination of transmitting RATs (e.g., including harmonic and
miermodulation effects). Separate entries may be maintained for different transmit
frequencies and/or different transmit power levels at which RAT transceivers may
operate. It should be understood that for cach entry, interference may be created on
multiple frequencics, such as duc to harmonic frequencies. As an exaraple of this, an
LTE RAT transmitter may transmit in 8 frequency band around 777-798 MHz. The
second harmonic of this transmit band, arcund 1600 MHz, may fali within a frequency
band used for GNES signals, thus potentially resulting in interference. As another
example, a RAT operating around 800 MHZ (e.g., for comnumicating with a WWAN)
and a second RAT operating around 2.4 GHz (e.g., for conmnonicating with 8 WLAN}
may result in interference around 1600 MHz, which may fall within a frequency band
used for GNSS signals. In addition, an L'TH RAT transceiver may transmit using carvier
aggregation of multiple bands which could cause intermodulation and cross-modulation
etween the mukiiple carriers causing interference to the GNSS receiver. [t should be
understood that, due to differing operating characteristics of different SVs and GNSSs,
mierference may vary in effect on different SVs. For mstance, a first satellite of a
GNES 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 5Vs may transmit GNSS signals at

different frequencies). In order to create and/or update entrics for such an SV
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mterference data structure, CxM 230 may measure the amount of interference or noise

oresent when such a RAT operating event 18 occurring.
£ &

[6943] While Table 1 1s organized by SV, it should be understood that this is merely
an exemplary embodiment. For instance, in some embodiments, separate tables may be
mainiained for operating events occurs on muftiple RATS at a given time. Therefore, if
two RATs are fransoitting at a given time, a certain table may be used to determine the
likely amount of interference. Various entries may be maintained for different
frequencies and/or power levels used for transmitting by such RATs. As another
cxample, a table that includes data for multiple SVs may be maintained for a particular
transmit power level of a particnlar RAT. Therefore, if the single particular RAT s
scheduled to transmit at the given power level (and, possibly, frequency) associated
with a particolar table, that table may be vsed for determining the likely amount of
wnterference for various SVs. Other variations in storing data used to anticipate the

amount of interference that can be expected in various situations are also possible.

{8044} fn some embodiments, the polarization of GNSS signals may affect the
abiity to be received. For instance, some global navigation satellite systems may have
circular polarization or linear polarization. Depending on the interference environment,
the form of polarization used by a GNSS may atfect the ability of signals from the
GNSS 1o be received. As such, in some embodiments, polarization may be used as a

factor in selecting a GNSS or a specific SV of a GNSS.

[6845] In addition to the interference caused by RATs due to effects such as
harmonics, nonlinear mixer intermoduiation distortion {e.g., due to a wideband transmit
by a RAT transmitter), wideband spurious noise from transmit spectral spillage,
contingous wave spurs of jammers from coupling mechanisms, and/or local oscillator
spurs due to reciprocal mixing may ali cause interterence to occur in frequency bands
on which GNSS signals are received. Data due to such effects may be maintained in an

SV data structure simtlar to as detailed in relation to table 1.

{046} In some embodiments, rather than having 5V nterference data structure 232
that 1s updated by OxM 230, an SV interference data structure may be provided to OxM
230 that defines values measured or calculated by another entity. For instance,
mamufacturer of GNSS receiver 120 may provide predefined values for such an SV
interference data structure. In some embodiments, such predefined values are provided,
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but can be updated by CxM 230 as noise or interference levels are measured during
operation of GNSS recetver 120, In some embodiments, SV interference data structure
232 may not be stored onboard controller 235, but rather may be stored externai to
GNSS receiver 120, such as 1 an accessible non-fransitory computer-readable storage

medium, such as system memory (e.g., working memory 735 of FIG. 7).

18661]  Since a SY interforence data structure is maintained by the CxM, different
mterference envirouments can be adapted 1o, For example, if implemented i celhilar
phones, the specific interference experienced by the GNSS receiver may vary based on
the design of a specific make/model of cellular phone. Use of an 8V interference data
structure can allow for the specific interference environment of various makes, models,
and types of devices to be adapted to by a 5V interference data structure being

maintained {(or created) for the device,

16847} GNSS recetver 120 may be configured to communicate with RATs 240 via a
communication interface 250, which may utilize serial, parallel, or some other data
fransmission format. Communication nterface 250 may permit information to be
transioitted from RATs 240 to GNSS receiver 120, Communication interface may also
permit information to be transmitted from GNSS receiver 120 to RATs 240, Some or
all of RATs 240 may transmit data to GNSS receiver 120 that indicates one or more
characteristics about an operating event that 18 scheduled to occur. The one or more
characteristics transmitted may fnclude an indication of the type of operating event {c.g.,
a transmit event, a receive event, etc.), the frequency at which the event will ocour (if
relevant), the power level at which the event will cecur (if relevant}, and/or a time
{and/or duration) at which the event will occur. in some embodiments, at least some of
this data may be inferred by GNSS receiver 120 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 mformation was received by GNSS receiver 120 1f
transmitied by 2 RAT transceiver that communicates wirelessly with a specific cellular
network,

{6048} Such information received by GNSS receiver 120 via a comrmunication

mterface 250 from one or more of RATS 240 may be used by CxM 230 to assess:

whether GNSS signals from sufficient SVs will be received, which SVs {of which
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GNSS5) should be used, and/or if a request should be made to one or more RATSs, via

commumication interface 230, to alier one or more upcoming operating cvents.

{6845 CxM 230 may access an 3V interference data structure, such as presented in
Table 1, to determine if a scheduled event of one or more RATs will sufficiently affect
reception of GNSS signals from an SV by GNSS receiver 120. GNSS signals from
multiple 5Vs may be assessed. CxM 230 may alter which GNSS sigoals of which 5Vs
are used for location determination based on such analysis. [f altering which GNSS
signals are used will be imsufficient to receive sufficient GNSS signals, CxM may
transmit a command to one or more of RATs 240 to alter ong or more upcoming
operating cvents. Such commands may be required to be performed by the RATs or
may be in the form of recommendations. If the commands are recommendations, the
RAT to which the command is addressed may assess whether it should comply with the
command. In some embodiments, an application or high level operating syster
(HLOS) may provide an indication as to whether RAT operating events or location
determination performed by the GNSS receiver 120 should be given priority, I GNSS
recciver 120 has priority, the RAT transceiver may be required to abide by a command
reccived from GNSS receiver 120, 11 the relevant RAT of RATs 240 bas priority, the

relevant RAT may ignore the command from GNSS receiver 120,

16458] The commands sent by GNSS receiver 120, which are generated by
coexistence manger 230, may mchade instructions to a RAT transceiver regarding:
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 cvents and ackvowledgements occurring

during receive events.

16451} In system 200, a single GNSS receiver 120 is present. It should be
understood that, in other embodiments of system 200 (or system 300), multiple GNSS
receivers may be present. Two or more GNSS receivers may be present in varioos
embodiments. Such GNSS receivers may be configured to share resources and
pseudorange calculations. For example, ULS. Pat. App. No. 14/163,625, entitled
“Method and Systems for Multi-GNSS Operation,” filed on Jannary 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.
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18852} In some embodiments, a CxM may be separate from GNSS receiver 120.
For instance, GNSS receiver 120 may reside on a different integrated chip. FIG. 3
ilfustrates an embodiment of a system 300 having a CxM separate from a GNSS
receiver. System 300 may foclude: GNSS receiver 120, RATs 240, CxM 310, lugh
level operating system (HLOS) 320, and communication interface 330, System 300

may represent an embodiment of system 100 of FIG. 1

18853} The components of system 300 may function substantially similarly to
system 200 of FIG. 2. For instance, CxM 310 may perform all of the fumctions of CxM
230. However, rather than the CxM being part of GNSS recciver 120, CxM 310 is
sgparate. In seroe embodiments, CxM 310 may be implemented as hardware, fitoyware
ot software executed by a general-purpose processor. In some embodiments, CxM 310
18 executed by the host, which refers to the processor handling executing of the
highlevel operating system (HLOS). In some embodiments, CxM 310 may be a stand-
alone component {¢.g., a separate controiler) ov may be incorporated into another
component, such as a specialized or general-purpose processor. CxM 310 may receive
information about upcoming operating cvents from RATs 240 and may receive
information from GNSS receiver 120 about the status of location determination. CxM
310 may reccive information output by control 235 of GNSS receiver 120 about the
received power level of various SVs. CxM 310 may matatain SV interference data
structure 312 as detailed in relation to UxM 230, SV interfercnce data structure 312
may be enboard CxM 310 or meay be stored in another location and accessible by CxM
310, In some embodiments, the SV miterference data structure may be maintained by
controller 235 of GNSS receiver 120 and CxM 310 may receive information from the

controller retrieved from SV uverference data structure 312,

[3654] CxM 310 may commnunicate with controller 235 of GNSS receiver 120 and
RATs 240 via commumnication interface 330 {or via two separate communication
wnterfaces). Such a commumnication interface may permit serial, parallel, or semae other
form of data transmission to ocour among the components. In some embodiments,
(GNSS receiver 120 can receive data from and transmit data to CxM 310; RATs 240 can
receive data from and transmit data to CxM 310; however GNSS receiver 120 and

RATSs 240 may not communicate with each other direetly.
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18855} CxM 310 may comnumicate with a high level operating system (HLOS) 320
and/or one or more applications being exccuted by HLOS 320. HLOS 320 may nstruct
CxM 310 whether preference should be given to location determination or 1o operating
events of RATs 240. Based on such instructions from HLOS 320, CxM 310 may
mstruct RATs 240 to enforce any commands transmitted 10 RATS 240 on behalf of
GNSS receiver 120. Based on instractions from HLOS 320 that indicate preference is
to be given to RAT functions, CxM 310 may instruct RATs 240 that commands
transmitied to RATs 240 on behalf of GNSS receiver 120 may be optional {e.g., are
only enforced if the effect on RATs 240 is minimal). Specific RATS may be given
preference over GNSS receiver 120 by HLOS 328; similarly, GNSS receiver 120 may
be given preference over specific RATs of RATs 240, such as depending on the
applications being executed via HLOS 320, HLOS 320 may provide CxM 310 with
specific rules to enforce, such as a rule that indicates that no more than a defined
amount of time is to clapse without giving GNSS receiver 120 full preference for
location determination. While not illustrated in systern 200, it should be understood that

CxM 230 may communicate with an HLOS also.

{18856} Various methods may be performed using the systems of FIGS. 1-3. FiG. 4
lustrates an embodiment of a method 400 for managing the coexistence of a GNSS
receiver with one or more RAT transceivers. Blocks of method 400 may be performed
by a CxM, which may be part of a GNSS receiver {c.g., system 200 of FIG. 2) or may
be separate from a GNSS receiver (e.g., system 300 of FIG. 3). I separate froma
GNSS receiver, a CxM may be a stand-alone component or may be integrated as part of
a processor. Blocks of method 400 may also be performed by a GNSS receiver,
Accordingly, means for performing blocks of method 400 can include a CxM
mmplemented on a GNSS receiver or separately, a GNSS receiver, a compmmication

interface, and/or one or more separate processors,

16657} At block 410, an indication of a characteristic of an RAT transceiver for a
scheduled operating event may be received. The characteristic of the RAT transceiver
may be indicative oft the type of RAT transceiver, a time and/or duration of an
operating cvent, a type of operating eveunt (e.g., transmit event, receive cvent}, a
frequency on which the operating event will occur, a power level at which the operating
event will oceur, and/or some data that may be indicative of interference that will be
created. The operating event may occur at some time inio the future. For instance,
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reception of the characteristic at block 410 may not be indicative that the event has
begun. Rather, based on a time indicated by the characteristic or an expected time (e.g.,
based on from which RAT transceiver the characteristic is received) the transmit time
can be determined. While at least ong indication of a characteristic may be received,
mdications of multiple characteristics may be received. For instance, a time, frequency,
and power level of a futare transmit event may be recetved. In some embodiments, a
characteristic may be received from a singic RAT transceiver. In other embodiments,

multiple characteristics from vwltiple RAT transceivers may be received.

{6658 At block 420, an 8V may be selected based on the characteristic of the RAT
transceiver (thus, meardng that GNSS sigeals from the S8V are used for location
determination). The SV may be sclected from a GNSS currently being used for location
determination. The SV may, in some instances, be selected from a different GNSS.

The SV selected at block 420 may be the SV that is least likely to have interforence
during the scheduled apcoming operating event of the RAT transceiver. The SV may
be determined to be the least likely to have interference based opon analysis of one or
more 8Y interference data structures that indicates expected interference or noise levels
for 5¥s based on the characteristic received from the RAT transceiver. As a simple
example, if the characteristic received from the RAT transceiver is indicative of a
transmission ocourring on a particular frequency, the SV may be sclected because it
transmits GNSS signals on 3 frequency greatest in difference from the particular
frequency as compared with other SVs. While biock 420 focuses on the selection of a
single SV, it should be understood that multiple SVs may be selected based on the
characteristic received at block 410, For a GNSS receiver to determine its location,
(GNSS signals from 3, 4, or more SVs may be necessary. Une or more of such SVs may

be selected based on the characteristic received at block 410,

[6459] At block 430, a GNSS signal may be received from the SV selected at block
420. The GNSS signal received at block 430 may be received while the operating event
is occuwrring at the RAT transceiver. For example, the RAT transceiver may be
fransmiiting data {and, possibly, creating some amount of interference). The GNSS
signal received at block 430 may be used in the performance of a location determination
at block 440. Therefore, the location deterounation performed at block 440 oceurs
based on the GNSS signal received from the selected SV while the RAT transceiver
operating event is occurring. Therefore, the ocourrence of the RAT operating event did

20-
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not prevent the GNSS receiver from performing a location determination at the same
time. To perform the location determination at block 440, it may be required to GNSS
signals to be received from at least three or four SVs. In some embodiments, a
determination may be made as o the mintroum numeber of SVs from which GNSS

signals need to be received in order to determine a location of the GNSS receiver.

16860] After the RAT iransceiver event has concluded, an SV from which GNSS
signals are received and used for location determination by the GNSS receiver may
revert to the SV used prior to method 400 being performed. Alternately, the SVs from
which GNSS signals arc used for location determination may be maintained foliowing

the operating event of the RAT transceiver concluding.

8861} FIG. 5 illustrates an embodiment of a method 500 for managing the
cocxistence of a GNSS receiver with one or more RAT irangceivers based on g
maintained data structure. Blocks of method 560 may be performed by a CxM, which
may be part of a GNSS recetver (e.g., system 200 of FIG. 2} or may be separate from a
(GNSS receiver {2.g., system 300 of FIG. 3). I separate from a GNSS receiver, a CxM
may he a stand-alone comaponent or may be integrated as part of a processor. Une or
more blocks of method 500 may also be performed by a GNSS receiver. Accordingly,
means for performing blocks of method 500 can include a CxM tmplemented on a
GNSS receiver, a GNSS receiver, a communication intertace, and/or one or more
separate processors. Method 500 may represent a more detatled embodiment of method

400 of FIG. 4.

{0862 At block §10, effects of interference on a GNSS receiver receiving (and
processing) GNSS signals may be determined. Operating events of one or more RAT
transceivers may be monitored at or near the same time. As such, it can be determined
the amount of interference or noise present at the GNSS receiver for various operating
events of one or more RAT transcetvers. In some embodiments, this may involve
measurements being made during a RAT operating event. The measurements may be
used to determine the SNR, RSSI, SINR, or some other form of signal strength
measuremeent of a GINSS signal received by the GNSS receiver. In some embodiments,
rather than measurements, the effects of mterference may be based on predictive

calculations and/or predefined values stored by the device.
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{6863} Based upon the measured effects of interference, an 5V mnterference data
structure may be maintained at block 520, The SV interference data struchire may be
maintained by a CxM, which can be located onboard 2 GNSS receiver or may be
external to the GNSS receiver and in communication with the GNSS receiver. The data
structure may maintain information about the amount of interference present at the
GNSS receiver for receiving GNSS signals while varicus RAT transceiver operating
gvents are occurring. Separate noise or interforence values may be maintained for
differcnt RAT transceivers. Separate noisc or inferference values may be matntained
for different combinations of RAT transceivers that have concurrently occurring
operating events. Separate noise or interference vahies may also be maintained, based
on the frequency and/or transmit power level of the RAT transceivers. Separate noise
or interference values may be stored in relation to ditfferent global navigation satellite
systems and/or specific SVs. As imterference or noise values are measured at block S10
in relation to received GNSS signals, these values may be used o update the data

structure of block 520.

[6664] At block 530, an indication of a characteristic of an RAT transceiver for a
scheduled operating event may be received. The characteristic may be received by a
CxM, which is cither onboard a GNSS receiver {e.g., as in FIG. 2) or separate {¢.g., 88
in FIG. 3). The characteristic of the RAT transceiver may be indicative oft the type of
RAT transceiver, a time and/or duration of an operating event, a type of operating ovent
(e.g., transmit eveunt, reccive event), a frequency on which the operating event will
occur, a power level at which the operating event will occur, and/or some data that may
be indicative of interference that will be created. The operating event may be scheduled
to occur at some fime Udo the future. For instance, reception of the characteristic at
block $30 may not be indicative that the event has begun. Rather, based on a time
indicated by the characteristic or an expected time (e.g., based on when and/or from
which RAT transceiver the characteristic is received) the transmit time can be
determined. While at least one indication of a charactoristic may be received,
indications of multiple characteristics may be received. For instance, a time, frequency,
and power level of a future transmit event may be received. In some embodiments, one
or maore characteristics may be received from a single RAT transceiver. In other

cmbodiments, nwuitiple characteristics from mwltiple RAT transceivers may be received.
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8865} At block 540, space vehicles that are expected to be the least affected by the
conditions during the epcoming RAT operating event may be determined. The SVs
may be selected, based on the one or more characteristics received at block 530 and an
analysis of the data structurc maintained at block 520. Therefore, based on the one or
more characteristics that define an upcoming scheduled operating event of the RAT
transceiver, an ordering of SVs may be determined. The ordering of SVs may be from
least affected by the characteristic of the upcoming scheduied event to most affected.
The SVs ordered may be for a specitic GNSS being used by the GNSS receiver.
Alternatively, SVs from multiple global navigation satellite systems may be ordered.
An grdered st of least-affected SVs may be created by the CxM. The least-affected
SVs may be based on the current SNR of the SV assessed in conjunction with the
expected noise or interference as indicated in the data structure. In some embodiments,
the data structure may indicate an expected SNR for if GNSS signals from the SV are
used during the RAT transceiver operating event. Accordingly, following block 540, an
ordering listing of SVs that are expected to be the least affected by the one or more
characteristics received at block 530 may be determined using the data structare

maintained at block 520.

[ 8866] At block 550, one or more SVs {of a same or different global navigation
satellite systems) may be selected for reception and use in performing a location
determination during the upcoming operating event. The one or more SVs may be the
SVs determined to be the least affected SVs based on the ordered list determined at
block 540. Therefore, the one or more SVs selected at block may be SVs already being
used for location determination by the GNSS receiver or may include one or more 8Vs
that are not currently being used for location deteroination. In addition to selecting one
or more SVs based on expected performance during the upeoming operating event
based on the ordered list, geometric dibution of precision {GDOP) may be taken into
account as part of the selection process. GDOP may be especially important when SVs
from different global navigation satellite systems are being selected. 1f nwitiple of the
SVs used for location determination are i a sinyilar part of the “sky” relative to the
(GNSS receiver, the accuracy of the location determination may be negatively impacted.
Rather, a distribution of SVs across the sky may be desirable for tmproved location
determination. Therefore, using the general known location of 3Vs, a GDOP value may

be computed {even if the precise locations of the SVs are unknown). In some
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embodiments, the lower a GDOP value, the less error that will be attributed to
geometric dilution. In some embodiments, the value of GDOP that will result from
using a SV may be factored into the sclection at block 550, Iu other embodiments,
when possibic {¢.g., other SVs are available), the calenlated GDOP may be kept below a
predefined, reference GDOP value. In such environments, where more than one SV is
available, a SV may be disqualified from vse if it will result in a caleolated GDOP value

below the reference GDOP value.

16867} At block 560, a2 GNSS signal may be received from the one or more SVs
selected at block 550, The GNSS signal received at block 560 may be received while
the opeorating event is occurring at the RAT transceiver. For example, the RAT
transceiver may be transmitting data {and, possibly, creating some amount of
mterference). The GNSS signal received at block 560 may be used in the performance
of a location determination at block 570, Therefore, the location determination
performed at block 570 occurs based on the GNSS signal received from the selected SV
while the RAT transceiver operating event is oceurring. The oecurrence of the RAT
operating cvent, thus, does not prevent the GNSS receiver from performing a location
determination {or at least reception of the GNAS signal) at the same time. To perform
the location determination at block 570, it may be required to GNSS signals to be
received from at feast three or four SVs, In some embodiments, a determination may be
made as to the minimum number of SVs from which GNSS signals need to be received

in order to determine a location of the GNSY receiver.

[6668] At block 560, a noise or interforence measurement may be performed on the
(GNSS signals received from the one or more selected 5Vs (and, possibly, any other $Vs
from which GNSS signals are being received). These measurements may be used to

update the data structure as described in relation to block 510,

18869 After the RAT wransceiver event has concluded, an SV from which GNSS
signals are received and used for location determination by the GNSS receiver may
revert to the SV used prior to method SO0 being performed. Alternately, the SVs from
which GNSS signals are used for location determination may be maintained following
the operating event of the RAT transceiver concluding.

18870} FIG. 6 Ulustrates an cobodiment of a mocthod 600 for managing the
coexistence of a GNJS receiver with one or more RAT transceivers by altering
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operation of @ RAT transceiver. Blocks of method 600 may be performed by a CxM,
which may be part of @ GNSS receiver {e.g., system 260 of FIG. 2} or may be separate
from a GNSS receiver {e.g., system 300 of FIG. 3). If separate from a GNSS receiver, a
CxM may be 2 stand-alone component or may be integrated as part of a processor. One
or more blocks of method 600 may also be performed by a GNSS receiver.
Accordingly, means for performing blocks of method 600 can include a CxM
implemented on a GNSS receiver, a GNSS receiver, a communication interface, and/or
one of more separate processors. Method 600 may represent a more detailed

embodiment of method 400 of FIG. 4 or method 500 of FIG. 5.

6871} At block 605, effects of interference on a GNSS receiver receiving (and
processing) GNBS signals may be determined. Such effects may be measured based on
the SNR (signal-to-noise ratio), RSSI (received signal strength indication), SINR (signal
to interfercnce phus noise ratio), or some other form of measurement. Such
measurements may be made by the GNSS receiver, such as by a controller of the GNSS
receiver, based on recetved GNSS signals. Operating events of one or more RAT
fransceivers may occur at of near the same time. As such, it can be determined the
amount of interference or noise present at the GNSS recciver due to various
characteristics of various operating events of one or more RAT transceivers. I the
CxM is separate from the GNSS receiver, the SNR, RSSI, measured noise, and/or
interference value may be transmitted via a communication interface {o the CxM.
Based upon the measured effocts of interference, an SV interference data structure may
be maintained at block 610, The data strocture may be maintained by a CxM, which
can be located onboard a GNSS receiver or may be external to the GNSS receiver and
in communication with the GNSS receiver. The SV interference data structure may
maintain information about the amount of interference present at the GNSS receiver for

receiving GINSS signals while various RAT transceiver operating events are occurting.
Separate noise or interference valucs may be maintained for different RAT transceivers.
Separate neise or imterference values may be roaintained for different combinations of
RAT transceivers that have concwrrently occurring operating events. Separate noise or
interfercnce values may also be maintained based on the frequency and/or transmit

power level of the RAT transceivers. Separate noise or interfercnee values may be

stored m relation to different global navigation satellite systems and/or speeific SVs.
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As interference or noise values are measured at block 605 in relation to received GNSS

signals, these values may be used to update the data structire of block 610,

[6872] At block 615, one or more indications of one or more characteristics of an
RAT transceiver for a scheduled operating event may be received. The indications of
characteristics may be received by a CxM, which is cither onboard a GNSS receiver
(e.g., as m FIG. 2) or separate {¢.g., as in FI1G. 3). The characteristics of the RAT
transceiver may be indicative oft the type of RAT transceiver, a time and/or duration of
an operating event, a type of operating event {e.g., transmit event, receive cvent), a
frequency on which the operating event will occur, a power level at which the operating
event will occur, and/or some data that may indicative of interference that will be
created. The operating event may be scheduled to occur at some time mto the future.
For instance, reception of the characteristic by the CxM at block 615 may notbe
ndicative that the cvent has begun. Rather, based on a time indicated by the
characteristics or an expected time {¢.g., based on when and/or from which RAT
transceiver the indication of the characteristic is received) the operating event time can
be determined. While at least one indication of a characteristic may be received,
indications of multiple characteristics may be received. For instance, a time, froguency,
and power level of a future transmit event for a particular RAT transceiver may be
received. In some embodiments, one or more characteristics may be reecived froma
single RAT transceiver. In other embodiments, multiple characteristics from mukiiple
RAT transceivers may be received. 1t should be understood that multipie RAT
transceivers having operating events that overlap i time may produce different
interference characteristics than cither of the same RAT transceiver baving operating

events occur fndividually, such as due to intermodulation of the interference signals.

16873] At block 620, space vehicles that are expecied to be the least affected by the
conditions during the upcoming RAT operating event may be determined. The SVs
may be selected based on the one or more characteristics received at block 615 and an
analysis of the data structure maintained at block 610. Therefore, based on the one or
more characteristics that define an upcoming scheduled operating event of the RAT
transceiver, an ordering of $Vs may be determined. The ordering of 5Vs may be from
least affected to most aftected. The SVs ordered may be for a specific GNSS being
used by the GNSS receiver. Alternatively, SVs from multiple global navigation satellite
systems may be ordered together {c.g., an SV of GPS may be ordered with SVs of

G-
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GLONASS and Galileo). An ordering of least-affected SVs may be created by the
CxM. The least-affected SVs may be based on the current SNR of the 3V assessed in
comjunction with the expected noise or interference as mdicated in the data structure or
may he solely based on the appropriate values indicated io the SV interference data
structure. In some embodiments, the data strocture may indicate an expected SNR if
GNSS signals from the SV are ssed during the RAT transceiver operating event.
Accordingly, following block 620, an order of SVs that are cxpected to be the least
affected by the one or more characteristics received at block 615 may be determined

using the data structure maintained at block 610,

18874} At block 625, one or more SVs (of a same or different global navigation
satellite systems) may be selected for use in performing a location determination. The
one or more SVs may be the SVs determined to be the least affected SVs based on the
ordering determined at block 620, Therefore, the one or more SVs selected at block 625
may be SVs already being used for location determination by the GNSS receiver or may
inchide one or more SVs that are not carrently being used for location determination. In
some embodiments, once 8 SV has been selected to be used, the same SV may be
required to be used for at least a minimum dwell time, such as 50 or 100 ms, before

switching to another SV,

18875] At block 630, it may be determined whether, based on the expecied
mterference during the upcorming one or more RAT transceiver operating events, GNSS
signals will be properly received from a sufficient mimber of SVs. Therefore, an
analysis may be performed to determing if sufficiently strong GNSS signals will be
reccived from the least affected SVs identified at block 620. A noise threshold value
{e.g., an SNR value, RSSI value, SINR value, or some other form of value) may be
compared with expected values of GNSS signals for cach of the SVs selected to be
used, 1f the GNSS signals are expected to be sufficiently strong based on the
comparison (e.g., sufticient GNSS signals are expected 1o be received from at least 3 or
4 of the least affected SV}, method 600 may proceed similarly to method SO0 from
block 560 on. I, at block 630, the UxM determines that the GNSS signals are expected
to be weak during the one or more RAT transceiver operating evenis based on the
comparison (e.g., insutficient GNSS signals are expected to be received from at least 3
or 4 of the least affected SVs), method 600 may proceed to block 635 such that one or

more remedial actions can be taken by the OxM.

v
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18876} At block 635, in response to determining that GNSS signals will not
sufficiently be received and processed from a sufficient number of 5Vs by the GNSS
receiver {even despitec GNSS signals from the least affected SVs being used for location
determination), a remedial action may be determined by the CxM. Based upon by how
much the GNSS signals miss the threshold, the remedial actnion may vary. Different
remedial actions may be determined for different RAT transceivers. Remedial actions
may inchide instructing a RAT transceiver to: decrease a power level of an operating
event, alter a frequency of an operating event, delay performance of the operating event,
and/or cancel the operating event. For instance, if the GNSS receiver is barely
receiving safficient GNSS signals (e.g., receiving an REST of GNSS signals just above
the threshold for a low mumber of SVs), the recommendation may be to balt all
operating events by RAT transceivers. In some embodiments, the one or more
transceivers may be obligated to abide by a recommendation made by the CxM
regarding such remedial actions. In other cmbodiments, the recommendation may be
optional, with the RAT transceiver being permitted to ignovre ot alter the command

based on its own determined operating conditions.

6877} At block 640, a message indicative of the remedial action may be transmitted
by the CxM to the one or more relovant RAT transceivers. The CxM may assess, such
as based on input from ancther component, a HLOS, or application, whether preference
should be given to the GNSS receiver (by making the command required; or the RAT
transceiver {by making the recommendation optional, or by not transmitting the
command at all). The CxM, if the message is 1o be transmitted, may transmit the
recommendation to the relevant one or more RAT transceivers. Enforcement or

execution of the message may be left to the relevant RAT transceiver.

[3878] At block 645, a GNSS signal may be received from the one or more SVs
selected at block 625, The GINSS signal received at block 645 may be received while
the operating event is occurring at the RAT transceiver. The remedial action
recommended by the CxM may have been performed by the RAT transceiver thos
resuiting in at least a lessened smount of interference being generated by the RAT
transceiver. For example, the RAT transceiver may be transmitting data (and, possibly,
creating some amount of interference}, but at a different power level and/or a different
frequency than originally intended by the RAT transceiver or the operating event may
have been cancelled or delayed. The GNSS signal received at block 645 may be used in
228
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the performance of a location determination at block 650, Therefore, the location
determination performed at block 650 occurs based on the GNSS signal received from
the sclected SV while the RAT transceiver operating event is occurring. Therefore, the
occurtence of the RAT operating cvent did not prevent the GNSS receiver from
performing a location determination at the same time. To perform the locanon
determination at block 650, it may be required to GNSS signals to be received from at
feast three or four SVs. In some embodiments, a determination may be made as to the
minimu nomber of SVs from which GNSS signals need to be reccived in order to

determine a location of the GNSS recetver.

[6079] At block 6350, a noise or interference measurement may be performed on the
GNSS signals received from the one or more selected SVs (and, possibly, any other SVs
from which GNSS signals are being received). These measurements may be used to

update the daia structure as described in relation to block 610,

16684} After the RAT transceiver event has concluded, an SV from which GNSS
signals arc received and used for location determination by the GNSS recciver may
revert to the 5V used prior 1o blocks of method 600 being performed. Aliernately, the
SVs from which GNSS signals are used for location determination may be maintained,
following the operating event of the RAT transceiver conchuding, The one or more
RAT transceivers may continue to abide by 2 recoromendation made by the CxM or
may return to performing operating events as determined by the RAT transceiver

without recommendations {either optional or required) from the CxM.

[B081] A computer system as illostrated in FEG. 7 may be mcorporated as part of the
previously described computerized devices, such as systems 100, 200, and 360. For
instance, functions of a CxM may be performed by a general-purpose processor
implemented as part of computer system 700. Further, systems 100, 200, and 300 may
reside on 8 computerized mobile device, such as a tablet computer or cellular phone that
contains computer system 700. FIG. 7 provides a schematic illustration of one
cmbodiment of a computer system 700 that can perform various blocks of the methods
provided by various embodiments. 1t should be voted that FIG. 7 is meant only to
provide a generalized llustration of various components, any or all of which may be

wtilized as appropriate. FIG. 7, therefore, broadly iHlustrates how individual system
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clements may be implemented in a relatively separated or relatively more mtegrated

manncy,

[6082] The computer system 700 is shown comprising hardware elements that can be
electrically coupled via a bus 705 {or may otherwise be n communication, as
appropriatc). The hardware clements may include one or more processors 710,
including 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 tnput devices 715,
which can include without Hmitation a mouse, 8 keyboard, remote control, and/or the
like; and one or oore output devices 720, which can include without imitation a display

device, a printer, and/or the hike.

16083]  The computer system 700 may further include (and/or be in communication
with) one or more non-transitory storage devices 725, which can comprise, without
Hmitation, local and/or network accessible storage, and/or can nclude, without
Himitation, a disk drive, a drive array, an optical storage device, a solid-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 like. Such storage
devices may be configured to implement any appropriate data stores, including without

Himitation, various file systems, database structures, and/or the like.

[8684] The computer systern 700 might also include 2 communications subsystem
730, which can include without Houtation a modem, a network card (wircless or wired),
an mfrared communication device, a wireless commmunication device, and/or a chipset
{such as a Bluetooth™ device, an 802.11 device, a WiFi device, a WiMax device,
cellular communication device, etc.), and/or the hike. The communications subsystem
730 may permit data to be exchanged with a network {such as the network described
below, to name one example), other computer systems, and/or any other dovices
described herein. In many embodiments, the computer system 700 will finther
comprise a working memory 7385, which can inchide a RAM or ROM deviee, as

described above.

18088] The computer system 700 also can comprise software clements, shown as

~
I’ 3

being currently located within the working memory 733, including an operating system
740, device drivers, exccutable librarics, and/or other code, such as one or more
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application programs 745, which may comprise computer programs provided by various
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 to the method(s) discussed above might be
mmplemented as code and/or instructions executable by a computer (and/or a processor
within a computer); n an aspect, then, sach code and/or mstractions can be used o
configure and/or adapt a general purpose computer (or other device) (o perform one or

more operations in accordance with the described methods.

{8086] A sct of these instructions and/or code might be stored on a non-transiiory
computer-readable storage medium, such as the non-transitory storage device(s) 725
described above. In some cases, the storage medium might be ncorporated within a
computer system, such as computer system 700, In other embodiments, the storage
medium might be separate from a computer system (e.g., a removable medium, such as
a compact disc), and/or provided in an installation package, such that the storage
medivim can be used to program, configure, and/or adapt a general purpose computer
with the mstructions/code stored thereon. These instructions might take the form of
executable code, which is executable by the computer system 700 and/or might take the
form of source and/or installable code, which, apon compilation and/or instaliation on
the computer system 700 {e.g., using any of a varicty of generally available compilers,
installation programs, compression/decompression utilities, etc.), then takes the form of

exccutable code.

{8687] It will be apparent to those skilled in the art that substantial variations may be
made in accordance with specific requirements. For exaraple, customized hardware
mright also be used, and/or particular clements might be implemented in havdware,
software (including portable software, such as applets, etc.), or both. Further,
commection o other computing dovices such as network input/output devices may be

employed.

{8088] As mentioned above, in one aspect, some ermbodiments may employ a

computer system {such as the computer system 700) to perform methods in accordance
with various embodiments of the invention. According to a sct of embodiments, some
or all of the procedures of such methods are performed by the computer system 700 in

response to processor 710 executing one or more sequences of one or more nstractions

231-
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{which might be incorporated into the operating system 740 and/or other code, such as
an application program 745) contained in the working memory 735, Such instructions
may be read into the working memory 735 from another computer-readable mediom,
such as one or more of the non-transitory storage device(s) 725. Merely by way of
example, execution of the sequences of instructions contained in the working memory
735 might cause the processor(s} 710 to perform one or more procedures of the methods

described herein.

[8689] The terms “maching-readable mediom,” “computer-readable storage medium™
and “computer-readable medium,” as used berein, refer to any medium that participaies
in providing data that causes a maching to operate n a specitfic fashion. These medivms
may be non-transitory. In an embodiment implemented using the computer system 700,
various computer-readable media might be involved in providing instructions/code to
processor{s} 710 for execution and/or might be used to store and/or carry such
mstructions/code. In many implementations, a computer-readable medium is a physical
and/or tangible storage medium. Soch a medium 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) 725. Volatile media

mclude, without limitation, dynamic memory, such as the working memory 735,

16098]  Common forms of physical and/or tangible computer-readable media inchude,
for example, a floppy disk, a flexible disk, hard disk, magnetic tape, or any other
magnetic mediom, a CD-ROM, any other optical mediom, any other physical medium
with patterns of marks, a RAM, a PROM, EPROM, a FLASH-EPROM, any other
memory chip or cartridge, or any other medivm from which 2 computer can read

mstructons and/or code.

18091]  Various forms of computer-readable media may be involved in carrying one or
more sequences of one or more mstructions to the processor(s) 710 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 remotc computer might load the
instructions jnto s dynamic memory and send the instructions as sigoals over a

transission medium to be recetved and/or executed by the computer system 700.

160921  The communications subsystem 730 {and/or coroponents thereof) generally
will receive signals, and the bus 705 then might carry the signals (and/or the data,
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mstructions, ete. carried by the signals) to the working memory 735, from wiach the
processor(s) 710 retrieves and executes the instractions. The instructions received by
the working memory 735 may optionally be stored on a non-transitory storage device

725 cither before or after exccution by the processor{(s) 710,

18693] It should further be understood that the components of computer system 700
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 700 may be similarfy distributed. As such, computer system 700 may be
interpreted as a distributed conputing system that performs processing in moultiple
locations. In some instances, computer system 700 may be interpreted as a single
computing deviee, such as a distinct laptop, deskiop computer, or the hke, depending on

the context.

[8694] The methods, systems, and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures or components as
appropriate. For instance, in alicrative configurations, the methods may be performed
1n an order different from that described, and/or various stages may be added, omitied,
and/or combined. Also, features described with respect to certain configurations may
be combined v various other configurations. Different aspects and clements of the
configurations may be combined n a similar manner. Also, technology evolves and,
thus, many of the elements are examples and do not Hmit the scope of the disclosure or

claims.

[6095]  Specific details are given n the description to provide a thoroogh
understanding of example configurations (including implementations). However,
configurations may be practiced without these specific details. For example, well-
known circuits, processes, algorithms, structures, and technigues have been shown
without conecessary detail in order to avoid obscuring the configurations. This
description provides cxample configurations only, and doces 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
impicmenting described techniques. Various changes may be made in the function and

arrangement of clemenis without departing from the spirit or scope of the disclosure.
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18696] Also, configurations may be described as a process which is depicted as a flow
diagram or block diagram. Although each may deseribe the operations as a sequential
process, many of the operations can be performed in parallel or concurrently. In
addition, the order of the operations may be rearranged. A process may have additional
steps not included in the figare. Furthermore, examples of the methods may be
implemented by hardware, software, firmware, middleware, microcode, hardware
description languages, or any combination thercof. When impicmented in software,
firmware, middieware, or microcode, the program code or code segments to perform the
necessary tasks may be stored In a non-transitory computer-readable medivm such as a

storage medivan. Processors may perform the described tasks.

[6097] Having described several example configurations, various modifications,
alternative constructions, and equivalents may be used without departing from the spirit
of the disclosure. For example, the above clements may be components of a larger
system, wherein other miles may take precedence over or otherwise modify the
application of the invention. Also, a nomber of steps may be andertaken before, during,

or after the above elemenis are considered.
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WHAT IS CLAIMED I5:

1. A method for menaging cocxistence of a global navigation
satelite system (GNSS) receiver with a radio access technology (RAT) transceiver, the
method comprising:

receiving, Dy a cooxistence manager, from the RAT transceiver, an
indication of a characteristic of the RAT transceiver for a scheduled operating event;

selecting, by the coexistence manager, a space vehicle of a GNSS to use
for a location determination by the GNSS receiver based on the characteristic of the
RAT transceiver;

receiving, by the GNSS receiver, a signal from the space vehicle of the
GNSS during the operating event of the RAT transceiver; and

performing, by the GNSS receiver, the location determination using the
signal received from the space vehicle of the GNSS received during the operating evont

of the RAT transceiver.

2. The method for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 1, wherein selecting, by the coexistence manager, the
space vehicle of the GNSS o use for a location determination by the GNSS receiver
COmprises:

determining, by the coexistence manager, an ordering of a plurality of
space vehicles based on the characteristic of the RAT transceiver for the scheduled
operating cvent; and

selecting, by the coexistence manager, the space vehicle of the GNSS

based on the ordering of the plurality of space vehicles.

3. The method for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 1, further comprising:

determining, by the coexistence manager, signals from a sufficient
sumber of space vehicles witl not be acquired based on the characteristic of the RAT
transceiver recetved by the coexistence manager; and

transmitting, by the coexistence manager, a message {o the RAT
transceiver that reconumends Hmiting a transmit power level tor the scheduled operating
event such that signals from the safficient number of space vehicles will be acquired
during the operating cvent of the RAT transceiver.
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4. The method for managing coexistence of the GNSS receiver with
the RAT transcetver of claim 1, further coraprising:
caleulating, by the coexistence manager, an order of a plurality of space
vehicles, wherein the order is based on a magnitude of effect of the characteristic of the
RAT transceiver for the operating event on the location determination of the GNSS
recetver, wherein
selecting the space vehicle of the GNSS to use for a location

determination of the GNSS receiver is based on the order.

S, The method for managing coexistence of the GNSS receiver with
the RAT trausceiver of claim 1, further comprising:

determining, by the coexistence manager, a fime at which to schedule the
operating event of the RAT transceiver 1o occur; and

transmitting, by the coexistence manager, o the RAT transceiver, a

message that recommmends the time for the operating event,

6. The method for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 1, further conprising:

determining, by the coexistence manager, a frequency at which the
operating event of the RAT transceiver is to occur; and

transmitting, by the coexistence manager, to the RAT transceiver, a

message that reconmmends the frequency to use for the operating event.

any

7. The macthod for managing cocxistonce of the GNSS receiver with
the RAT transceiver of claim |, further comprising:

determining, by the coexistence manager, a power level for the operating
event; and

transmitting, by the coexistence manager, to the RAT transceiver, a

message that recommends the power level for the operating event.

[*]

8. The method for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 1, further comprising:

selecting, by the coexistence manager, the GNSS from a plurality of
global navigation satellite systems availabie for location determination based on the

characteristic of the RAT transceiver.
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9. The method for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 1, wherein selection of the space vehicle of the GNSS to
use for the location determination of the GNSS receiver occurs within a preselected

GNSS.

10.  The method for managing coexistence of the GNSS receiver with
the RAT transcetver of claim 1, wherein the characteristic of the RAT transceiver is
sclected from the group cousisting of:

a planmed time window;

a polarization;

a planned frequency; and

a planned power level.

1. The method for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 1, wherein the coexistence manager is integrated with the

GNSS receiver.

12, A system for managing coexistence of a global navigation
sateHite system (GNSS) receiver with a radic access technology (RAT) transceiver, the
sysierm comprising:

a coexistence manager configured to:

recetve, from the RAT transceiver, an indication of a
characteristic of the RAT transceiver for a scheduled operating ovent; and

select, a space vehicle of a GNAS to use for a location
determination by the GNSS receiver based on the characteristic of the RAT
transceiver; and

the GNSS receiver, configured to:

receive a signal from the space vehicle of the GNSS during the
operating event of the RAT transceiver; and

perform the location determination using the signal received from
the space vehicle of the GNSS received during the operating event of the RAT

transceiver for the operating event.

13. The system for managing coexistence of the GNSS receiver with

the RAT transceiver of claim 12, wherein the cocxistence manager being configured 1o
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select the space vehicle of the GNSS to use for a location determination by the GNSS
receiver comprises the coexistence manager being configured to;

determine an ordering of a plurality of space vehicles based on the
characteristic of the RAT wansceiver for the scheduled operating event; and

select the space vehicle of the GNSS based on the ordering of the

plurality of space vehicles.

i4.  The system for managing coexistence of the GNSS receiver with
the RAT transcetver of claim 12, the coexistence manager being further configared to:

determine signals from a sufficient number of space vebicles will not be
acquired based on the characteristic of the RAT transceiver received by the coexistence
manager; and

transmit a message to the RAT transceiver that recommends limiting a
transnit power level for the scheduled operating event such that signals from the
sufficient number of space vehicles will be acquired during the operating event of the

RAT tranaceiver.

1S. The system for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 12, the coexistence manager being further configured to:
calculate am order of a plurality of space vehicles, wherein the order is
based on a magnitude of effect of the characteristic of the RAT transceiver for the
operating event on the location determination of the GNSS receiver, wherein
selection of the space velicle of the GNSS 1o use for a location

determunation of the GNSS receiver is based on the order.

i6. The system for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 12, the coexistence manager being further configured to:

determine a time at which to schedale the operating event of the RAT
transceiver to occur; and

transmoit to the RAT transceiver, a message that recommends the time for

the operating event.

17, The system for managing coexistence of the GNSS receiver with

the RAT transceiver of claim 12, the coexistence manager being further configured to:
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determine a frequency at which the operating event of the RAT
fransceiver is to cocur; and
transmit, to the RAT transceiver, a message that recommends the

frequency to use for the operating event.

I8, The system for managing cooxistence of the GNSS receiver with
the RAT transceiver of claim 12, the cocxistence manager being further configured to:

determine a power level for the operating event; and

transmit, to the RAT transceiver, a message that recommends the power

level for the operating cvent.

19. The system for managing coexistence of the GINSS receiver with
the RAT transceiver of claim 12, the cocxistence manager being further configured to:
select the GNSS from a plarality of global navigation satellite systems

available for location determination based on the characieristic of the RAT transceiver.

20. The system for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 12, wherein the coexistence manager is configured {o
select the space vehicle of the GNSS to use for the location determination of the GNSS

recetver occurs within a preselected GNSA.

21 The system for managing coexistence of the GNSS receiver with
the RAT transceiver of claim 12, wherein the coexistence manager is integrated with the

GNSS receiver,

22. The system for managing coexistence of the GNSS recciver with
the RAT transceiver of claim 12, whercin the coexistence manager is implemented in a

processor separate from the GNSS recciver,

23, An apparatus for managing cocxistence of a global navigation
satellite system (GNSS) receiver with a radio access technology (RAT) transceiver, the
apparatus comprising:

means for receiving, from the RAT transceiver, an indication of 3

characteristic of the RAT wansceiver for a scheduled operating event;
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means for selecting a space vehicle of a GNSJS to use for a3 location
determination by the GNSS recciver based on the characteristic of the RAT transcetver
for the operating event;

mcans for recetving & signal from the space vehicle of the GNSS during
the operating event of the RAT transceiver; and

means for performing the location determination using the signal
received from the space vehicle of the GNSS received during the operating event of the

RAT transceiver.

24, The apparatus for managing coexistence of the GNSS receiver
with the RAT transceiver of claim 23, wherein the means for selecting the space vehicle
of the GNSS {0 use for a location determination by the GNSS receiver comprises:

means for determining an ordering of a plurality of space vehicles based
on the characteristic of the RAT transceiver for the scheduled operating event; and

means for selecting the space vehicle of the GN3S based on the ordering

of the plarality of space vehicles.

25, The apparatos for managing coexistence of the GNSS receiver
with the RAT transceiver of claim 23, further comprising:

means for determining signals from a sufficient sumber of space vehicles
will not be acquired based on the characteristic of the RAT transceiver received by the
coexistence manager; and

mocans for fransmitting 2 moessage to the RAT transceiver that
recommends Hmiting a transmit power level for the scheduled operating event such that
signals from a sufficient number of space vebicles will be acquired during the operating

event of the RAT transceiver,

~

26.  The apparatus for managing coexistence of the GNSS receiver
with the RAT transceiver of claim 23, further comprising:

mecans for calculating an order of a plurality of space vehicles, wherein
the order s based on a magnitude of effect of the characteristic of the RAT transceiver
for the operating cvent on the location determination of the GNSS receiver, wherein
the means for selecting the space vehicle of the GNSS to use for a

{ocation determination of the GNSS receiver is based on the order.

-4{-
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27.  The apparatus for managing coexistence of the GNSS receiver
with the RAT transceiver of claim 23, further comprising:

means for determining a time at which to schedule the operating event of
the RAT transceiver {0 occur; and

means for transmitting to the RAT transceiver, a message that

recoramends the time for the operating event.

28, A non-transtiory processor-readable medium for managing
coexistence of a global navigation satellite systermn (GNSS) receiver with 4 radio access
technology (RAT) transceiver, comprising processor-readable instractions configured to
CAUSC ONS Of MOYE PFOCeSsors (0!

receive, from the RAT transceiver, an indication of a characieristic of the
RAT transceiver for a scheduled operating event;

select, a space vehicle of 2 GNSS to use for a location determination by
the GNSS recetver based on the characteristic of the RAT transcetver for the operating
gvent;

receive, a signal from the space vehicle of the GNSS during the operating
event of the RAT transceiver; and

perform, the location deternination using the signal received trom the

space vehicle of the GNSS received during the operating event of the RAT transceiver.

29, The non-transitory processor-readable medium for managing
coexistence of the GNSS receiver with the RAT transceiver of claim 28, wherein the
processor-readable imstructions that, when executed, cause the one of more processors to
select the space vehicle of the GNSS o use for a location determination by the GNSS
recetver comprise processor-readable instructions which, when executed, cause the one
OF MOTe ProCcessors to:

determine an ordering of a plurality of space vehicles based on the
characteristic of the RAT wansceiver for the scheduled operating event; and

select the space vehicle of the GNSS based on the ordering of the

plurality of space vehicles.

30.  The non-transttory processor-readable medinm for managing

coexistence of the GNSS receiver with the RAT transceiver of claim 28, wherein the

N
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processor-readable mstructions, when executed, further cause the one or more
Processors to:

determine signals from a sufficient number of space vehicles will not be
acquired based on the characteristic of the RAT transceiver received by the coexistence
manager; and

transmit a message to the RAT transceiver that recommends Hmiting a
transmit power level for the scheduled operating event such that signals from a
sutticient nurnber of space vehicles will be acquired during the operating cvent of the

RAT transceiver.

47
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