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Important Notice

Due to the nature of wireless communications, transmission and reception of data can never be
guaranteed. Data may be delayed, corrupted (i.e., have errors) or be totally lost. Although significant
delays or losses of data are rare when wireless devices such as the Sierra Wireless modem are used
in a normal manner with a well-constructed network, the Sierra Wireless modem should not be used
in situations where failure to transmit or receive data could result in damage of any kind to the user or
any other party, including but not limited to personal injury, death, or loss of property. Sierra Wireless
accepts no responsibility for damages of any kind resulting from delays or errors in data transmitted or
received using the Sierra Wireless modem, or for failure of the Sierra Wireless modem to transmit or
receive such data.

Safety and Hazards

Do not operate the Sierra Wireless modem in areas where cellular modems are not advised without
proper device certifications. These areas include environments where cellular radio can interfere
such as explosive atmospheres, medical equipment, or any other equipment which may be
susceptible to any form of radio interference. The Sierra Wireless modem can transmit signals that
could interfere with this equipment. Do not operate the Sierra Wireless modem in any aircraft, whether
the aircraft is on the ground or in flight. In aircraft, the Sierra Wireless modem MUST BE POWERED
OFF. When operating, the Sierra Wireless modem can transmit signals that could interfere with
various onboard systems.

Note: Some airlines may permit the use of cellular phones while the aircraft is on the ground and the door
is open. Sierra Wireless modems may be used at this time.

The driver or operator of any vehicle should not operate the Sierra Wireless modem while in control of
a vehicle. Doing so will detract from the driver or operator’s control and operation of that vehicle. In
some states and provinces, operating such communications devices while in control of a vehicle is an
offence.

Limitations of Liability

This manual is provided “as is”. Sierra Wireless makes no warranties of any kind, either expressed or
implied, including any implied warranties of merchantability, fithess for a particular purpose, or
noninfringement. The recipient of the manual shall endorse all risks arising from its use.

The information in this manual is subject to change without notice and does not represent a
commitment on the part of Sierra Wireless. SIERRA WIRELESS AND ITS AFFILIATES
SPECIFICALLY DISCLAIM LIABILITY FOR ANY AND ALL DIRECT, INDIRECT, SPECIAL,
GENERAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES INCLUDING,
BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE OR ANTICIPATED PROFITS OR
REVENUE ARISING OUT OF THE USE OR INABILITY TO USE ANY SIERRA WIRELESS
PRODUCT, EVEN IF SIERRA WIRELESS AND/OR ITS AFFILIATES HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES OR THEY ARE FORESEEABLE OR FOR CLAIMS BY ANY
THIRD PARTY.

Notwithstanding the foregoing, in no event shall Sierra Wireless and/or its affiliates aggregate liability
arising under or in connection with the Sierra Wireless product, regardless of the number of events,
occurrences, or claims giving rise to liability, be in excess of the price paid by the purchaser for the
Sierra Wireless product.

Customer understands that Sierra Wireless is not providing cellular or GPS (including A-GPS)
services. These services are provided by a third party and should be purchased directly by the
Customer.
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SPECIFIC DISCLAIMERS OF LIABILITY: CUSTOMER RECOGNIZES AND ACKNOWLEDGES
SIERRA WIRELESS IS NOT RESPONSIBLE FOR AND SHALL NOT BE HELD LIABLE FOR ANY
DEFECT OR DEFICIENCY OF ANY KIND OF CELLULAR OR GPS (INCLUDING A-GPS)
SERVICES.

Patents

This product may contain technology developed by or for Sierra Wireless Inc.
This product includes technology licensed from QUALCOMM®.

This product is manufactured or sold by Sierra Wireless Inc. or its affiliates under one or more patents
licensed from InterDigital Group.

Copyright

© 2012 Sierra Wireless. All rights reserved.

Trademarks

AirCard® is a registered trademark of Sierra Wireless. Sierra Wireless™, AirPrime™, AirLink™,
AirvVantage™, Watcher™ and the Sierra Wireless logo are trademarks of Sierra Wireless.

@  ° insIM®, WAVECOM®, WISMO®, Wireless Microprocessor®, Wireless CPU®, Open AT® are
filed or registered trademarks of Sierra Wireless S.A. in France and/or in other countries.
Windows® and Windows Vista® are registered trademarks of Microsoft Corporation.

Macintosh and Mac OS are registered trademarks of Apple Inc., registered in the U.S. and other
countries.

QUALCOMM® is a registered trademark of QUALCOMM Incorporated. Used under license.

Other trademarks are the property of the respective owners.

Contact Information

Phone: 1-604-232-1488
Sales Desk: | Hours: 8:00 AM to 5:00 PM Pacific Time
E-mail: sales@sierrawireless.com

Sierra Wireless

13811 Wireless Way
Richmond, BC

Canada V6V 3A4

Post:

Fax: | 1-604-231-1109

Web: | www.sierrawireless.com

Consult our website for up-to-date product descriptions, documentation, application notes, firmware
upgrades, troubleshooting tips, and press releases: www.sierrawireless.com
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1.1.

1. Introduction

Overview

This Application Note provides detailed information about the low power modes of operation available
with the GPS solution based on AirPrime XM0110 GPS module combined with AirPrime Embedded

Module.
This Application Note explains the benefits and impacts of the various low power modes, together with

associated hardware and software requirements.

1.2.
1

(2]
(3]
[4]
[5]
[6]

[7]

1.3.

Embedded Module or AirPrime Embedded Module: a Sierra Wireless AirPrime Embedded Module,

Related Documents

Location Library AT Command Interface Guide

Reference: 4110991

Location Library Development Guide

Reference: 4110990

AT Commands Interface Guide for Firmware

Reference: 4111703; 4111843

ADL User Guide for Open AT Framework

Reference: 4111704; 4111844

AirPrime XM0110 Product Technical Specification and Customer Design Guidelines
Reference: 4111805

AirPrime XM0110 Development Kit Daughter Board User Guide
Reference: 4112246

GPS Aiding for AirPrime XM0110

Reference: WM_DEV_XMO0110 APN_002

Glossary

capable of wireless connectivity, and acting as host processor of the AirPrime XM0110 GPS Module.

AirPrime XM0110 GPS Module: a Sierra Wireless’ AirPrime GPS module, acting as a GPS receiver,
and compatible with AirPrime Embedded Modules.

4111808
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2. System Overview

2.1. System Presentation

The AirPrime XM0110 GPS Module, used in combination with an AirPrime Embedded Module, offers
several low power options, offering choices for the best compromise between highest GPS
performances and lowest total system power consumption.

A GPS solution based on XM0110 is composed of the AirPrime XM0110 GPS module (the GPS
receiver) and the AirPrime Embedded Module (the host processor). The Embedded Module may
directly run the customer OS application (“OS use case”) or, alternatively, an external application
processor may drive the Embedded Module through Location AT commands extension set (“External
host use case”).

In both cases, in the typical application (see Figure 1) the AirPrime Embedded Module drives the
XMO0110 GPS Module through a serial interface and few GPIOs. The XM0110 also requires a 32k
clock input that can also be supplied by the Embedded Module.

For some low power modes, the application may differ, i.e. 32k and ON/OFF may have to be driven
externally by the application, and/or an Embedded Module interrupt may be required.

AirPrime
Host Processor Embedded
Module
Location AT commands Open AT
Customer app.

AirPrime

Embedded Module Location Library

Serial Control (ON/OFF, Serial Control

Interface 32k Reset) Interface 32k (ON/OFF, Reset)
GPS GPS
XM0110 antenna XM0110 antenna
GPS module GPS module
External host use case OS use case

Figure 1. System Overview — Typical application

The AirPrime XM0110 GPS Module is based on SiRFstarlV GSD4t GPS receiver, which contains
hardware and firmware to acquire GPS satellites signals and perform some pre-processing. XM0110
has limited autonomy; it requires the Embedded Module to run host GPS software to exploit GPS
signals in ways like for decoding ephemeris or calculating a GPS position (see Figure 2).

4111808 Rev 5.0 June 15, 2012
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: External Host :

e EE E LR T

\"4
AirPrime Embedded Module

Application

Host GPS Software

$ Proprietary GPS data

XMO0110 GPS Module

GPS Firmware
GPS
antenna

GPS RF & Correlators

Figure 2. Functional Architecture

2.2. System Low Power Modes

The low power mode of operation of the GPS solution based on XM0110 is achieved using
combinations of the Embedded Module low power modes (as described in section 4) and the AirPrime
XMO0110 GPS module low power modes (as described in section 5).

The selection of the low power modes to be used depends strongly of GPS target use cases, which
are described in section 3.

Note that all low power modes are available in the 2 types of application: external host processor
driver with Location AT command extension on Embedded Module, and OS application executed on
Embedded Module.

However, the hardware application may vary according to the low power mode to be used. The main
possible hardware applications are indicated through this document and summarized in section 6.

4111808 Rev 5.0 June 15, 2012



3. GPS Application Use Cases

Two main application use cases have to be considered to decide for the power mode to use:

e the navigation use case
e the push-to-fix use case

3.1. Navigation Use Case

In the navigation use case, the GPS solution is permanently running to calculate up-to-date GPS
position information at a regular short period (typically 1 second up to several seconds). In this mode,
up-to-date GPS information is available immediately to the application; it is automatically reported to
the application at a pre-configured period.

Note that this does not mean that at each period a valid fix is available — for example no fix may be
available if there is no GPS signal — but at least an up-to-date fix status will be available to the
application.

In navigation use case, various levels of low power modes are available. Such low power mode may
impact the GPS position accuracy, and require some minimum GPS reception quality to be effective.

3.2. Push-to-Fix Use Case

In the Push-to-Fix use case, the application stops (or pauses) the GPS solution for an undefined
duration, and restarts (or resumes) operation when needed.

Note that in the periods in which the GPS solution is running, the solution is in fact in navigation use-
case.

Some low power modes of operation are available in Push-to-Fix use case. The time required to
restart the GPS operation and to obtain a first fix varies according to the low power mode. It depends
also on the duration of the interruption, and if assisted GPS (for example Autonomous Extended
Ephemeris) is used.

4111808 Rev 5.0 June 15, 2012
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4. Embedded Module Power Modes of
Operation

4.1. Power Modes Overview

The AirPrime Embedded Module may be in 3 main power modes of operation, characterized by
different power consumption and feature availability:

e Active Mode
e Sleep Mode
e Alarm/OFF modes

In addition, while in Active Mode or in Sleep Mode, the application can control the Embedded Module
GSM stack state to lower the power consumption:

e GSM Stack ON
e GSM Stack OFF

Finally, the Embedded Module CPU clock speed will also impact the power consumption.

Autonomous Extended Ephemeris (AEE) feature forces high speed usage (104MHz), increasing the
Embedded Module power consumption during Extended Ephemeris computation.

The table below provides, as an example, AirPrime WMP100 Embedded Module power consumption
in the various modes of operation.

Table 1: Example of Embedded Module power consumption measurements:
AirPrime WMP100 and its 64/16 memory combo power consumption at 3V6 power supply

Mode of Operation Conditions Power consumption

Alarm/OFF Mode 20 UA

Sleep Mode, GSM stack L . 0.9 mA

No application processing.

OFF

Sleep Mode, GSM stack ON | In GSM Idle, paging 4. No application processing 3.5mA

Active Mode With application permanent processing 40 mA

AEE computation period Occurs for each new satellite during 2.5sec 70mA

Note: To get or measure your Embedded Module specific power consumption, please refer to your
Embedded Module Product Technical Specification.

Note: Active mode power consumption data is provided for the module running in standard mode.

Additional power consumption occurs when the module is switched to boost mode.

The following sub-sections will provide more information on the benefits and impacts of each mode on
the GPS solution.

The compatibility of Embedded Module low power modes with each one of the AirPrime XM0110 GPS
module low power modes is also indicated in each XM0110 power mode description and in section 6.

Autonomous Extended Ephemeris information (principle, benefits, implementation using AT
commands or Location Library) are described in document [7].

4111808 Rev 5.0 June 15, 2012 14
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4.2. Embedded Module Active Mode

4.2.1. Principle

Embedded Module Active Mode is the default operating mode. It is a full power mode with no feature
restriction on the Embedded Module. All interfaces are available.

In Active Mode, the Embedded Module power consumption does NOT significantly vary according to
the various GPS modes of operation.

4.2.2. Benefits & Impacts
Embedded Module Active Mode is fully compatible to all GPS modes, with the standard application
(see 6.1).

This is the simplest configuration. It should be used if power consumption of the Embedded Module is
not critical, or if the Embedded Module is active most of the time due to other running application
tasks on the Embedded Module.

4.2.3. Implementation Using AT commands

By default, Active mode is used after Embedded Module reset.

In case the default starting mode was changed to Sleep Mode, AT+WBHV=1,0 (Active mode, GSM
Stack ON) or AT+WBHV=1,1 (Active mode, GSM Stack OFF) commands can be used to revert the
default mode after an Embedded Module reset to be the Active mode.

Alternatively, in case the Embedded Module is in Sleep Mode, AT+W32K=0 allows reverting back
immediately to Active mode without requiring a reset. This command does not change the default
starting mode, only the current Embedded Module mode: the Embedded Module starting mode
(default starting mode, or starting mode set with AT+WBHV) will apply after reset.

Please refer to document [3] for more details about Embedded Module Firmware AT commands.

4.2.4. Implementation Using OS

There is no dedicated OS interface controlling of the Embedded Module mode of operation.

To configure the Embedded Module mode of operation, the Open AT Framework application must
send the AT commands listed in the previous subsection using appropriate OS API (see document [4]
for complete information).

4.3. Embedded Module Sleep Mode

4.3.1. Principle

Embedded Module Sleep Mode is a low power consumption mode with restricted access to peripheral
interfaces. Power savings take place when the Embedded Modules is in sleep periods, i.e. its runs on
its 32k clock. This requires, once Sleep Mode is activated, that the application and the GSM stack
have no more pending processing.
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The Embedded Module automatically wakes up (exits sleep period) on some unsolicited events like
GSM paging (if stack is on), External Interruption, Key press, Strict Timer expiration, etc, and goes
back to sleep once requested processing are completed.

The Embedded Module will not wake up automatically on any interface, and typically it will not wake
up automatically when data are received on UART or I2C serial interface; such data will be lost. An
external interrupt is required in such cases to wake up the Embedded Module at the start of UART or
[2C incoming flow.

Note: Depending on software configuration, the UART1 DTR signal may be used to avoid the Embedded
Module entering sleep periods or wake-up Embedded Module.

Note: When a device is connected on the Embedded Module USB port, and the USB port has been
activated, Embedded Module does not enter into sleep periods.

Note: Sleep mode limitation until1.3 location library : only UART is available for this mode.

In Sleep Mode, the Embedded Module power consumption significantly varies according to the GPS
mode of operation.

4.3.2. Benefits & Impacts

The Embedded Module Sleep Mode is not compatible to GPS Navigation and GPS Idle mode with the
default application, as data sent by AirPrime XM0110 on the serial interface could be lost.

To be compatible with all GPS modes, including GPS Navigation and GPS Idle mode, a specific
hardware application with Embedded Module wake-up through External Interrupt must be used. For
more details on this application, see section 6.3. Note that this application remains compatible to
Active Mode, in which case switching between Sleep Mode and Active Mode is allowed.

The power savings brought by the activation of Embedded Module Sleep Mode depends on observed
Embedded Module sleep period duration versus running period duration. The sleeping time ratio
depends on the GPS mode used, as the GPS mode impacts the traffic on the serial interface —
Embedded Module is not sleeping while data are received from the AirPrime XM0110 — and the
amount of GPS processing required on the Embedded Module. The sleep period ratios, and therefore
the power savings, for each mode, are provided in section 5.

4.3.3. Implementation Using AT commands

By default, Active mode is used after Embedded Module reset.

You can change the Embedded Module starting mode after reset to be Sleep Mode with
AT+WBHV=1,2 command. Note that with this command, GSM Stack is also turned OFF, and that a
reset of the Embedded Module is required after the AT command for Sleep Mode to take effect.

Alternatively, AT+W32K=1 enables the mode to change from Active mode directly into Sleep Mode
without the need for a reset. In this case, Sleep Mode may not be preserved after Embedded Module
reset: the Embedded Module starting mode (default starting mode, or starting mode set with
AT+WBHYV) applies.

Note: AT+W32K=1,0 forces to ignore DTR signal in Sleep Mode, whereas with AT+W32K=1,1, the
Embedded Module takes DTR state into account to enter/exit sleep periods.

Please refer to document [3] for more details on Embedded Module Firmware AT commands.

4.3.4. Implementation Using OS

There is no dedicated OS interface allowing the control of the Embedded Module mode of operation.
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To configure the Embedded Module mode of operation, the Open AT Framework application must
send the AT commands listed in previous sub-section using appropriate OS API (see document [4]).

4.4. Embedded Module Alarm/OFF Modes

4.4.1. Principle

In Embedded Module Alarm/OFF modes, the embedded application is no longer running. All
interfaces are turned off (including 32K output). Only the RTC remains powered, allowing for waking
up if an alarm was programmed.

4.4.2. Benefits & Impacts

This mode provides the lowest Embedded Module power consumption.

Embedded Module Alarm and OFF modes are not compatible to GPS Navigation and GPS Idle
modes because no GPS processing can take place on Embedded Module in these modes.

GPS Off mode is of course compatible to Embedded Module Alarm/OFF modes.

GPS Hibernate mode can be made compatible to Embedded Module Alarm/OFF mode. But this
requires a specific application to be used, in which AirPrime XM0110 32k and ON/OFF inputs are not
driven by the Embedded Module but by the application itself, via an external controller and/or some
hardware logic. For more details on this application, see section 6.4.

4.4.3. Implementation Using AT commands

AT+CALA must be used to program an alarm, and AT+CPOF (with Embedded Module ON/OFF
switch low) to activate this mode. Alarm expiration or setting ON/OFF switch high will exit this mode.

Please refer to document [3] for more details on Embedded Module Firmware AT commands.

4.4.4. Implementation Using OS

There is no dedicated OS interface allowing the control of the Embedded Module mode of operation.

To configure the Embedded Module mode of operation, the Open AT Framework application must
send the AT commands listed in previous sub-section using appropriate OS API (see document [4]).

45. Embedded Module Stack ON/Stack OFF

45.1. Principle

If GSM stack is turned off, SIM device and GSM/GPRS features are not available. It is also possible to
turn off the GSM stack RF only while keeping the SIM active. In both cases, the embedded application
behavior is not impacted.

At any time, stack RF and SIM can be re-activated.
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4.5.2. Benefits & Impacts

Turning off the GSM stack will significantly reduce power consumption of the system.

Turning off the GSM stack has no impact to the GPS feature behavior. It is compatible to all GPS
modes of operation. Therefore, when no GSM activity is necessary, it is recommended to turn off the
GSM stack to save power.

45.3. Implementation Using AT commands

By default, GSM Stack is ON after Embedded Module reset.

You can change the Embedded Module starting mode after resetting to set the GSM Stack OFF with
AT+WBHV=1,1 (Active mode and GSM Stack OFF) or AT+WBHV=1,2 (Sleep Mode and GSM Stack
OFF) commands. Note that a first reset is required after AT command to turn GSM Stack OFF.

Alternatively, AT+CFUN=0 turns the GSM stack and SIM device off, and AT+CFUN=4 turns the GSM
stack RF off while keeping SIM device on. AT+CFUN=1,0 re-activates the GSM stack and SIM
device. None of these commands cause nor require Embedded Module reset, but the change is not
preserved after Embedded Module reset.

Note: In order to not impact the GPS, if running, GSM stack ON request must explicitly request to not reset
the module, using the commands AT+CFUN=1,0. AT+CFUN=1 will instead reset the Embedded
Module.

Please refer to document [3] for more details on Embedded Module Firmware AT commands.

45.4. Implementation Using OS

There is no dedicated OS interface allowing the control of the Embedded Module mode of operation.

To configure the Embedded Module mode of operation, the Open AT Framework application must
send the AT commands listed in previous sub-section using appropriate OS API (see document [4]).
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5. AirPrime XM0110 GPS Module Low
Power Modes

The AirPrime XM0110 uses different kinds of resources that can be turned on or off to save energy, in
particular:

e Storage capabilities

e Radio Frequency receiver capabilities

e Processing capabilities

e Clock capabilities

The low power modes of XM0110 that are described in detail in this section are directly linked to the
low power modes available with SIRFstarlV GSDA4t.

The table below summarizes AirPrime XM0110 average current according to its various modes of
operation, and the LNA settings. For more details, please refer to [4].

Table 2: AirPrime XM0110 averaged power consumption in the various operation mode at -130dBm

. | average | average .
Orperaiing e (internal LNA) (external LNA) S
GPS Off <5 HA
GPS Deep Slee 9 A
Push-to-Fix - P P a
GPS Hibernate 25 MA
GPS Idle <500 HA
Very Low Power Navigation 7 6 mA
o Low Power Navigation 11 10 mA
1Hz Navigation - —
Medium Power Navigation 22 19 mA
Full Power Navigation 33 28 mA
Acquisition 58 54 mA

The subsections in this chapter define the principle, benefits and impacts of each XM0110 power
mode. This includes impacts on the Embedded Module power consumption.

5.1. Standard (1Hz) GPS Navigation

5.1.1. Principle

In full power navigation, the AirPrime XM0110 is continuously listening to satellite signal. This means
that all operative parts remain permanently active. At the default GPS update rate (once per second),
a position update is available.

In order to reduce power consumption, it is possible to receive satellite signals for a limited time but
keeping standard 1Hz update rate. This Low Power Navigation mode is using GSD4t Trickle Power
mode.

3 different Low Power Navigation profiles have been defined with different GPS signal reception
window duration: Medium Power, Low Power, and Very Low Power.

It is important to note that:
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e Until a 3D fix is accomplished, the XM0110 power consumption will be the GPS acquisition
power consumption, whether the selected full power or low power navigation mode.

o Even if one of the 3 low power navigation profiles is activated, full power navigation will apply
in following conditions:

= If the 4 best satellites’ signal strength is not strong enough, or
=  When specific data collection is required for the navigation, such as ephemeris, almanac,
ionospheric or UTC data.

The navigation mode requires the Embedded Module to be running every second to process GPS
data.

5.1.2. Benefits & Impacts

Listening only for a reduced time the satellite signal during the GPS update period significantly
reduces AirPrime XM0110 power consumption, thanks to the RF part, TCXO and processor being
turned off partly between two updates. The counterpoint is the degradation of the GPS position
accuracy.

The table below gives typical XM0110 power consumption and GPS position accuracy figures
obtained for each mode.

Table 3: XM0110 power consumption and GPS position accuracy according to GPS Navigation mode

GPS RF window XMO0110 average GPS tracking
length current® accuracy @-
130dBm (50%)

Full Power navigation Continuous 28 mA <25m
1Hz Medium Power navigation 600 ms 19 mA <3.5m
1Hz Low Power navigation 200 ms 10 mA <5m
1Hz Very Low Power navigation 100 ms 6 mA <7m

(1) With external LNA settings

Obtaining the above mentioned power consumption is conditioned to the availability of a fix with some
minimum satellite signal strength. If the fourth-best satellite level goes below 26dB-Hz (which
corresponds to approximately -143dBm), XM0110 falls back to full power navigation. Once the fourth-
best satellite level goes back to a value exceeding 30dB-Hz, the low power navigation mode is
automatically resumed.

The compatibility of the full power and low power navigation modes with the Embedded Module
modes of operation is as follows:

e Active mode: Compatible

e Sleep Mode: Not compatible with the default application. A specific software and hardware
application with Embedded Module wake-up by XM0110 GPS module has to be used. See
section 6.3 for more details.

e Alarm/OFF mode: Not compatible.

While Sleep Mode is activated, Embedded Module power consumption benefits depend on selected
profile. The table below gives the Embedded Module effective sleep time and an example of power
consumption depending on the navigation modes.
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Table 4: Example of system power consumption in GPS Navigation in UART case

Active Mode Sleep Mode
GSM Stack ON® GSM Stack ON®W
GPS mode

Embedded Embedded Module Embedded Embedded Module

Module + XM0110® Module + XM0110®
1Hz Very Low
Power navigation 41 mA 47 mA 20 mA 27 mA
1Hz Low Power 41 mA 51 mA 23 mA 33 mA
naV|gat|on
1Hz Medium Power | ) . 60 mA 22 mA 41 mA
naV|gat|on
Full Power 41 mA 69 mA 22 mA 50 mA
naV|gat|on

(1) AirPrime WMP100 Embedded Module, in GSM Idle, Paging 4.
(2) With external LNA settings

Note that prior to GPS fix, the power consumption is the acquisition power consumption.

5.1.3. Implementation Using Location AT Commands

The typical AT command sequence to type, in order to activate the navigation low power mode is:
AT+GPSINIT=..
AT+GPSCONF=0, X
AT+GPSSTART

The specified navigation power mode is now activated. The parameter « X » defines the navigation
power mode as follows:

0 Full power navigation mode.

1: Medium power navigation mode.

2 Low power navigation mode.

3: Very low power navigation mode.

The AT command AT+GPSCONF=0,X can be called at any time while application is in INITIALIZED,
RUNNING or SLEEP states, to change the navigation power mode.

Tip: In order to know at a given time if the low power navigation is effective, i.e. if the conditions have been
reached to have shortened GPS RF window, EXT_LNA_EN signal can be monitored. If EXT_LNA_EN
signal remains high permanently, low power navigation is not effective. If EXT_LNA_EN signal toggles
every second, low power navigation is effective. Alternatively, GPS debug raw data also allow to check
if low power was active or not at a given time.

5.1.4. Implementation Using Location Library

The following function should be called in order to activate and configure the navigation power mode:
gps_init (..)
gps_coreSetOpts( GPS OPT CORE RUNNING POWER MODE, X, GPS OPT END);
gps_start (..)

The parameter « X » selects the navigation power mode:

0: Full power navigation mode.
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1: Medium power navigation mode.
2: Low power navigation mode.
3: Very low power navigation mode.

The gps_coreSetOpts() function can be called at any time while Location library is in
GPS_INITIALIZED, GPS_RUNNING or GPS_SLEEP states.

Tip: In order to know at a given time if the low power navigation is effective, i.e. if the conditions have been
reached to have shortened GPS RF window, EXT_LNA_EN signal can be monitored. If EXT_LNA_EN
signal remains high permanently, that low power navigation is not effective. If EXT_LNA_EN signal
toggles every second, low power navigation is effective. Alternatively, GPS debug raw data also allow
to check if low power was active or not at a given time.

5.2. Reduced Rate GPS Navigation
(Available from 1.3 Release)

5.2.1. Principle

In addition to reducing the GPS signal reception period, it can be decided to increase the GPS update
period from 1 second to 2 seconds (0.5Hz) or more. Up to 10 seconds update rate (0.1Hz navigation
rate) is supported.

This is of course to be used only if the application does not require 1Hz navigation, but a slower rate
is acceptable.

In full power navigation, reducing the navigation rate will have no significant effect as the GPS
receiver will be continuously active. In low power navigation mode, reducing the navigation rate
lowers power as GPS receiver inactivity periods will significantly increase.

5.2.2. Benefits & Impacts

Reduced rate navigation mode increases the power savings in a close to linear way compared to 1Hz
low power navigation modes. In addition, impact on system power saving will be very significant when
Embedded Module is in sleep mode (large period without any activities).

The compatibility of the reduced rate navigation with the Embedded Module modes of operation is
same as for 1Hz navigation modes (see 5.1.2).

Note: As all low power modes, using update rate feature have an impact on signal to noise ratio and
2D accuracy error.

Table 5: AirPrime XM0110 current consumption for 1 period and 1 hour according to GPS update rate navigation
mode

AirPrime XM0110 Current 1 Hour Average Example®®

iod®
Consumption Short Term Period

1Hz Full Power navigation 28.9 mA 28.9 mA
0.5Hz Update rate navigation 14.6 mA 15.9 mA
0.2Hz Update rate navigation 6.5 mA 8.3 mA
0.1Hz Update rate navigation 3.3mA 4,7 mA
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(1) These values provide short term measurement that show minimum current consumption limits. These measurements
have been done on consecutive period with exact update rate limits (so, without maintenance period or update rate
variation).

(2) These values are measured during 1 hour. Due to maintenance activity and update rate variation result could vary
from 1 period limit to 1Hz Full Power navigation.

Table 6: Example of system power consumption in GPS Navigation, in UART mode, with several update rate

Active Mode Sleep Mode
GSM Stack ON® GSM Stack ON®
GPS mode
Embedded | Embedded Module | Embedded | Embedded Module
Module + XM0110? Module + XM0110®
1Hz navigation 41 mA 70 mA 21 mA 50 mA
0.5Hz update rate navigation 41 mA 57 mA 14 mA 28 mA
0.2Hz update rate navigation 41 mA 49 mA 11 mA 18 mA
0.1Hz update rate navigation 41 mA 46 mA 6 mA 11 mA

(1) AirPrime WMP100 Embedded Module, in GSM Idle, Paging 4.
(2) With external LNA settings

5.2.3. Implementation using Location AT commands

The AT command to activate Reduced Rate GPS Navigation and modify directly Update Rate value in
second is:

AT+GPSCONF=5,X

The specified update rate navigation is now activated. The parameter « X » defines the navigation
power mode as follows:

1 1 second update rate (default value)

2: 2 seconds update rate

10: 10 seconds update rate (maximum value)

During long time navigation, mean update rate will be greater than 1 second, that decrease mean
current consumption value.

Update rate will be always lower than X seconds.

Note: The goal of this comment is to reduce current consumption without navigation degradation, the first
priority. That's why, depending on reception condition and maintenance operations, update rate
greater than 1 second could not be provided with accuracy.

5.2.4. Implementation Using Location Library

The following function should be called in order to activate and configure the navigation update rate:
gps_coreSetOpts (GPS OPT CORE RUNNING POWER RATE, X);
gps_start (..)

The parameter « X » selects the navigation update rate:
GPS PR DEACTIVATED: 1 second update rate.

GPS_PR MED RATE: Maximum update rate is 2 seconds.
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GPS PR LOW RATE: Maximum update rate is 5 seconds.
GPS_PR VERY LOW RATE: Maximum update rate is 10 seconds.

The gps_coreSetOpts() function can be called at any time while Location library is in
GPS_INITIALIZED, GPS_RUNNING or GPS_SLEEP states.

During long time navigation, mean update rate will be greater than 1 second, that decreases mean
current consumption value.

Update rate will be always lower than seconds specified before.

5.3. GPSIdle mode

5.3.1. Principle

The GPS Idle mode is to be used in Push-to-Fix scenario. It corresponds to GSD4t Micro Power
Mode, also known as SiRFaware™ mode.

The objective of the GPS Idle mode is to have an automatic, regular monitoring of the satellites in
order to guaranty as far as possible a hot start condition when the application will resume GPS
operation. In particular, the ephemeris will be decoded before becoming obsolete, and new satellites
ephemeris will also be decoded.

The power consumption of the GPS Idle mode is then subject to the GPS conditions, but also
variation of the temperature or other factors that will force to increase the activity period. In average,
about half of the energy is consumed for ephemeris decode, while the other half is consumed for
maintaining accurate clock calibration.

During GPS Idle mode, the AirPrime XM0110 regularly communicates with the host software.
Therefore GPS Idle mode requires the Embedded Module to be running or regularly awaken to
process GPS data.

Note that if no fix is available when GPS Idle mode is entered, the acquisition power consumption will
apply. GPS Idle mode power consumption starts to apply only after a first valid fix has been obtained.

5.3.2. Benefits & Impacts

The main benefits of this mode are to provide to the application hot start TTFF, while having very
limited power consumption.

In GPS Idle mode, AirPrime XM0110 power consumption is about 1mA in average over long periods,
including the ephemeris decode updates that have to take place every 2 hours.

The compatibility of the GPS Idle mode with the Embedded Module modes of operation is same as for
navigation modes (see 5.1.2).

Power consumption of the Embedded Module will be significantly reduced when using Embedded
Module Sleep Mode. The table below gives in particular the Embedded Module effective sleep time
and example of power consumption depending on the modes.

Table 7: Example of system power consumption in GPS Idle mode

Active Mode Sleep Mode
GSM Stack ONY GSM Stack ON®
GPS mode
Embedded Embedded Module + Embedded Embedded Module +
Module XM0110® Module XM0110®
GPS Idle 41 mA 41 mA 6.5 mA 7 mA
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(1) AirPrime WMP100 Embedded Module, in GSM Idle, Paging 4.
(2) With external LNA settings

5.3.3.  Implementation Using Location AT commands

The AT command to activate the GPS Idle mode while GPS is running (i.e. after AT+GPSSTART has
been issued) is:

AT+GPSSLEEP=0
« Waiting the +GPSEVSLEEP event »
The AirPrime XM0110 solution is now in GPS Idle mode.
The GPS Idle mode is left when the +GPSSTART command is sent.

5.3.4. Implementation Using Location Library

The following function should be called in order to activate the GPS Idle mode while GPS is running
(i.e. after gps_init() and gps_start() have been successfully called):

gps_sleep (GPS IDLE MODE)
« Waiting the GPS SLEEP STATE EVENT event »
The Location Library is now in GPS Idle mode.

The GPS Idle mode is left when the gps_start() function is called by the OS application.

54. GPS Hibernate Mode

5.4.1. Principle

The GPS Hibernate mode is to be used in Push-to-Fix scenario. When entering in Hibernate mode,
the GSD4t will stop any operation.

In this mode, AirPrime XM0110 firmware and clock calibration data are preserved. GPS Hibernate
mode allows for fast restart if the interruption is limited to several minutes.

5.4.2. Benefits & Impacts

GPS Hibernate mode results in very low power consumption below 30uA (typical: 26uA).

Going to GPS Hibernate may increase TTFF compare to GPS Idle mode for example, but this will
depend very much on the interruption time. For limited interruption periods, the restart time will remain
very close to hot start time or aided start time.

The compatibility of the GPS Hibernate mode with the Embedded Module modes of operation is as
follows:

e Active mode: Compatible

e Sleep Mode: Compatible.

e Alarm/OFF mode: Partially compatible. With default application, AirPrime XM0110 is turned
off, reset, and 32k is not being supplied, i.e. exiting GPS Hibernate mode is similar to exiting
GPS OFF mode. Compatibility is possible if the application manages externally the XM0110
ON/OFF, reset and 32K input signals. See 6.4 for more details.
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Note that in GPS Hibernate mode, the Embedded Module has no GPS processing to perform. Its
power consumption is therefore the power consumption of the module depending on its mode. Some
examples are given in the table below.

Table 8: Example of system power consumption in GPS Hibernate mode
Active Mode Sleep Mode
aps GSM Stack ON® GSM Stack ON® Alarm [ OFF mode
mode Embedded Embedded Embedded Embedded Embedded Embedded
Module Module + Module Module + Module Module +
XM0110 XM0110 XM0110
GPS
. 41 mA 41 mA 3mA 3mA 20 UuA 45 uA
Hibernate

(1) AirPrime WMP100 Embedded Module, in GSM Idle, Paging 4.

5.4.3.

The AT command to activate the GPS Hibernate mode while GPS is running (i.e. after
AT+GPSSTART has been issued) is:

AT+GPSSLEEP=1

Implementation Using Location AT commands

« Waiting the +GPSEVSLEEP event »
The AirPrime XM0110 solution is now in GPS Hibernate mode.
The GPS Hibernate mode is left when the AT+GPSSTART command is sent.

Note: In case AirPrime XM0110 ON/OFF signal is managed externally (see 6.4), GPS Hibernate can also
be entered with AT+GPSSTOP. From XM0110 perspective, both commands will have same result.
The only difference will reside in the state in which the Host software will be set.

5.4.4. Implementation Using Location Library

The following function should be called in order to activate the GPS Hibernate mode while GPS is
running (i.e. after gps_init() and gps_start() have been successfully called):

gps_sleep (GPS HIBERNATE MODE)
« Waiting the GPS SLEEP STATE EVENT event »
The Location Library is now in GPS Hibernate mode.

The GPS Hibernate mode is left when the gps_start() function is called by the OS application.

Note: In case AirPrime XM0110 ON/OFF signal is managed externally (see 6.4), GPS Hibernate can also
be entered with gps_stop() API. From XM0110 perspective, both commands will have same result.

The only difference will reside in the state in which the Host software will be set.

5.5. GPS OFF Mode

5.5.1.

The GPS OFF mode is to be used in Push-to-Fix scenario.

Principle
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In this mode, the AirPrime XM0110 simply shuts down with XM0110 ON/OFF signal. This results in
the lowest power consumption. However, exiting GPS OFF mode forces a new firmware download,
and forces a cold start, resulting in the highest Time-To-First-Fix.

5.5.2.

Benefits & Impacts

In GPS OFF mode, the power consumption is below 5uA (typical: 2uA). Note that power supply may
also be simply removed.

In order to restart from GPS OFF mode, AirPrime XM0110 Firmware will have to be reloaded. This

operation takes approximately 7 seconds (with UART) or 12 seconds (with I12C) extra time compared
to start without the firmware download and has to be added to the cold start TTFF that applies in this
condition.

GPS OFF mode is compatible to all Embedded Module modes of operation.

Table 9: Example of system power consumption according to GPS OFF modes
Active Mode Sleep Mode
ops | GSM Stack ON® GSM Stack ON® Al § QI meee
mode "Empedded | Embedded Embedded | Embedded Embedded | Embedded
Module Module + Module Module + Module Module +
XM0110 XM0110 XM0110
GPS
OFF 41 mA 41 mA 3mA 3mA 20 UA 23 UA

(1) AirPrime WMP100 Embedded Module, with GSM Stack ON in GSM Idle, Paging 4.

5.5.3.

The AT command to go into GPS OFF mode while GPS is running (i.e. after AT+GPSSTART has
been issued) is:

Implementation Using Location AT commands

AT+GPSSTOP
« Waiting the +GPSEVSTOP event »
The AirPrime XM0110 solution is now in GPS Off mode.
The GPS OFF mode is left when the AT+GPSSTART command is sent.

5.5.4.

The following function should be called in order to activate the GPS OFF mode while GPS is running
(i.e. after gps_init() and gps_start() have been successfully called):

Implementation Using Location Library

gps_stop ()
« Waiting the GPS_SLEEP STOP EVENT event »
The Location Library is now in GPS OFF mode.
The GPS OFF mode is left when the gps_start() function is called by the OS application.
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5.6. GPS Deep Sleep Mode

5.6.1. Principle

The GPS Deep Sleep mode is used in Push-to-Fix scenarios.
In this mode, the XM0110 is still powered on VBAT and ketp alive with the XM0110 ON/OFF signal.

Only XM0110 RTC domain is powered, so the RTC clock still should be provided to the module. See
Figure 7 for hardware implementation details.

The result is a much lower power consumption for XM0110 and Embedded Module with the capacity
to keep a hot start condition for low Time-To-First-Fix.

Note: Exiting GPS Deep Sleep mode forces a new firmware download.

5.6.2. Benefits & Impacts

In GPS Deep Sleep mode, the AirPrime XM0110 module power consumption is approximately 9uA.
The Embedded Module power supply may also be removed.

In order to restart from GPS Deep Sleep mode, the XM0110 firmware will have to be reloaded. This
operation takes approximately 5 seconds (with UART) or 9 seconds (with 12C) extra to be added to
hot start TTFF.

The external Host processor should provide the RTC clock and XM0110 ON/OFF signal control.

Table 10: Example of system power consumption according to GPS Deep Sleep mode

Active Mode (2)
GSM Stack ON® Power OFF Alarm / OFF mode
GPS
mode ["Empedded | Embedded Embedded | Embedded Embedded | Embedded
Module Module + Module Module + Module Module +
XM0110 XM0110 XM0110
GPS
DEEP 41 mA 41 mA 0 A 9 uA 20 pA 29 pA
SLEEP

(1) AirPrime WMP100 Embedded Module, with GSM Stack ON in GSM Idle, Paging 4.
(2) AirPrime WMP100 Embedded Module Power OFF, managed by External Host Processor

5.6.3. Implementation Using Location AT commands

The AT command to go into GPS Deep Sleep mode while GPS is running (i.e. after AT+GPSSTART
has been issued) is:

AT+GPSSLEEP=2
« Waiting the +GPSEVSLEEP event »
The AirPrime XM0110 solution is now in GPS Deep Sleep mode.
The GPS Deep Sleep Mode is left when the AT+GPSSTART=0 command is sent.
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5.6.4. Implementation Using Location Library

The following function should be called in order to activate the GPS Deep Sleep mode while GPS is
running (i.e. after gps_init() and gps_start() have been successfully called):

gps_sleep (GPS DEEP MODE)
« Waiting the GPS SLEEP STATE EVENT event »
The Location Library is now in GPS Deep Sleep mode.
The GPS Deep Sleep mode is left when the gps_start() function is called by the OS application.
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6. Main Applications Examples

This section presents several hardware application options, to be selected depending on the targeted
low power modes.

Note: Please refer also to AirPrime XM0110 Product Technical Specification [4] which contains several
design recommendations that impact system power consumption, like XM0110 power supply design,

or use of EXT_LNA_EN pin to control an external LNA.

6.1.

How to Select GPS Module Low Power Mode
for Push-to-Fix Use Cases

Four GPS Low Power Modes can be used in Push-to-Fix use cases. Refer to Table 2: for details

(including

power consumption) for each mode.

Selecting one mode over another to optimize the power consumption (especially in situations when
the battery life time is crucial) must be carefully considered based upon the update rate and taking
into account whether an AirPrime XM0110 firmware download is needed or not.

6.1.1.

Push-to-Fix Timelines

6.1.1.1. With AirPrime XM0110 FW Download from the
Embedded Module
Start GPS from GPS Switch to Deep Start GPS ;
— Sleep or OFF acquisition from
rl?q(;?j;; Sleep or OFF ztc;;usmon mode Deep Sleep or OFF
mode
fix
T T triggeredT T
FW Download ' Time to Fix
& &

Library start-up

push GPS data

Tdwl Ttf
N~
Ur
Figure 3. Push-to-Fix Timeline with XM0110 FW Download
Figure L
Notation Definition
Tdwl Firmware download duration
Ttf Time to make GPS fix and send GPS data
Ur Update rate
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6.1.1.2. Without AirPrime XM0110 FW Download

Start GPS

acquisition GPS Switch to

from Idle or acquisition Hibernate or Start GPS acquisition
Hibernate start Idle mode from Idle or Hibernate

GPS Fix
triggered

Library Time To Fix
restart &
push GPS data

Tstr Ttf

uUr

Figure 4.  Push-to-Fix Timeline without AirPrime XM0110 FW Download

Figure s

Notation Definition

Tstr Time to start Location Library

Ttf Time to make GPS fix and send GPS data
Ur Update rate

6.1.2. Embedded Module and XM0110 Power
Consumption Measured for the Different Push-to-
Fix Phases

Figures referred to are instant current consumptions at the various Push-to-Fix phases, as defined in
the table below.

Table 11: Push-to-Fix Phase Current Consumptions

Push-to-Fix Phase Current Consumption
XMO0110 current consumption during FW download 45 mA

Embedded Module current consumption during FW download 41 mA

XMO0110 current consumption during Library re-start 45 mA

Embedded Module current consumption during Library re-start | 41 mA

XMO0110 current consumption while in GPS Hibernate 26 pA

XM0110 current consumption while in GPS Deep Sleep 9 uA

6.1.3. Calculate Low Power Mode Selection Criteria

The criteria are 100% focused on the power consumption and the battery life cycle.
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6.1.3.1. Establish Criteria to Select between Hibernate (HIB) and
Deep Sleep (DSL) Modes

Current consumption in Deep Sleep over a Push-to-Fix period with given update rate of Ur:
Pdsl = ((45000+41000) *Tdwl) /Ur + ((Ur-Tdwl) *9)/Ur

Current consumption in Hibernate over a Push-to-Fix period with given update rate of Ur:
Phib = ((45000+41000)*Tstr) /Ur + ((Ur-Tstr)*26)/Ur

Threshold to select between Deep Sleep or Hibernate:

Pdsl < Phib
Ur >= (77.103*Tdwl - 60.103*Tstr) / 17

6.1.3.2. Criteria in Case of AirPrime XM0110 Connecting thru

UART
6.1.3.2.1. Timing
UART bus From INITIALIZED From SLEEP state / From SLEEP state/
state IDLE mode HIBERNATE mode
Location library initialization | < 1,6 sec <0,3sec <1,6 sec
Firmware download time < 3,6 sec 0 0
Startup time* < 5,2 sec < 0,3 sec <1,6 sec

* First GPS position information is received 1 second after.

6.1.3.2.2. Criteria Values

Ur = 6.2 hours. Reducing the firmware download duration and Core Library initialization by 1s will
result in Ur = 4.9 hours.
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6.2.

Standard Application

The standard application (see Figure 5 for UART case) is the simplest application, recommended by

default.
A

GPIO* »  ON/OFF

RXD2 » RX

TXD2 |« X

» WAKE_UP

AirPrime™ vee! SELECT
Embedded :
Module

GPIO* » RESET

32kHZ® » CLK_32K

* GPIOs 1V8 or 2V8

2: See Module Specification

T: SELECT signal can be connected to
ON/OFF signal

Figure 5.

Standard application

ANTENNA_IN

Passive
Antenna

XMO0110

EXT_LNA_EN

PPS

1

ESD Protection
Optional

With this application, the following low power modes combinations are supported:

Table 12: Standard Application Low Power Mode Combinations
Embedded Module Mode of Operation
Active Mode Sleep Mode Alarm / OFF mode
" GPS OFF Supported Supported Supported
§ § GPS Hibernate Supported Supported Not supported
g i GPS dle Supported Not supported Not supported
% E GPS Navigation Supported Not supported Not supported

6.3.

Embedded Module Wake-Up Application

(Available on UART only from 1.2 release)

The application with Embedded Module wake-up is proposed when the Embedded Module is to be
put in Sleep Mode while AirPrime XM0110 is in GPS Navigation or GPS Idle mode. This application
allows the XM0110 to wake-up the Embedded Module when GPS data are to be processed.

This application requires a wake-up mechanism which has both hardware and software impacts as

described below.
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With this application, the following low power modes combinations are supported:

Table 13: Embedded Module Wake-Up Low Power Mode Combinations
Embedded Module Mode of Operation

Active Mode Sleep Mode Alarm / OFF mode
5 GPS OFF Supported Supported Supported
§ . | GPS Hibernate Supported Supported Not supported™

()

g é GPS Idle Supported Supported Not supported
é GPS Supported Supported Not supported
X Navigation

(1) Supported if combined with External XM0110 Control application.

6.3.1.

Hardware Impacts

In this application, an external interrupt of the Embedded Module (1V8 interrupt such as INTO is
recommended to avoid any level shifting) has to be connected to AirPrime XM0110 TX/SCL output

Module

Iy

INTO

GPIO*

pin.
GPIO* »  ON/OFF
RXD2 > RX
TXD2 |« X
AirPrime™ vee! [
Embedded }—FE
| RESET |
| CLK 32K |

L

32kHZA

» RESET

v

*: GPIOs 1V8 or 2V8

2: See Module Specification

T: SELECT signal can be connected to
ON/OFF signal

Figure 6.

4111808

CLK_32K

Passive
Antenna

ANTENNA_IN

XM0110

EXT_LNA_EN

PPS
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6.3.2. Software Impacts

This application requires Location Library 1.1 release or later, and Open AT Framework 2.35 (OS +
Firmware) or later.

This application is not available currently with 12C.

6.3.2.1. Implementation Using Location AT Commands

The use of this application requires setting the <host_wakeup> parameter of the +GPSINIT command
to the external interrupt used (typically, ‘0’ for INTO) for host wake-up (see [1] for more details on
+GPSINIT). For example:

AT+GPSINIT=1,1,2,22,23,65535,0,1,65534
In addition, the wake-up feature must be activated through with AT command:
AT+GPSCONF=3,1

Optionally, this specific configuration can be saved in flash, and would then be automatically used for
any subsequent Embedded Module power off/on or reset cycle:

AT+GPSSAVE=1

6.3.2.2. Implementation Using Location Library

The use of this application requires the hardware configuration in gps_init() API to specify the external
interrupt used (typically, INTO). This must be done setting to the appropriate value the host wake-up
parameter ‘ptloConfig->ul6HostWakeupExtintID*.

In addition, the wake-up feature must be enabled through the following gps_setOpt API call:
gps_coreSetOpts ( GPS OPT CORE WAKEUP, GPS WAKEUP ENABLED ) ;

6.4. External XM0110 Control Application

The application with external AirPrime XM0110 control is required when the Embedded Module is to
be put in Alarm or OFF mode while the XM0110 remains in Hibernate mode or Deep Sleep mode.
This application allows XM0110 to remain powered and supplied with 32k clock whatever the
Embedded Module state, in order to ensure a faster restart (without firmware download in hibernate
mode, or with firmware download in deep sleep mode).

With this application, the following low power modes combinations are supported:
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Table 14: External XM1001 Control Application Low Power Mode Combinations

Supported Supported Supported
Supported Supported Supported
Supported Supported @ Not supported
Supported Supported @ Not supported

(1) Supported if combined with Embedded Module Wake-Up application.

6.4.1. Hardware Impacts

In this application, the AirPrime XM0110 ON/OFF has to be controlled externally by the hardware of
the application, typically a host processor. In addition, as 32K signal must be provided to XM0110 32K

input. See Figure 7 for an example for UART case.

Application design must ensure that electrical and timing characteristics of ON/OFF and 32K comply

with XM0110 specification [4].

Note: XM0110 RESET pin should be controlled by the Embedded Module when using Deep Sleep mode.
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32.768kHz

Enable

(Optional)
[epom | ————— — B D -

Host Processor

GPIO **

**: GPIOs up to 3V6

Communication

Link
3
S ouceu |
16
10
L = ON/OFF
AirPrime™
Embedded XMO0110
Module

1
GPIO * »  RESET
7
RXD2 »  RX[SDA]

13
TXD2 TX [SCL] EXT_LNA_EN
5 14
INTO » WAKE_UP PPS

5 6
32kHz L >4 SELECT
9

Embedded
Module XM0110
Supply Supply

Figure 7. External AirPrime XM0110 Control application

CENICH

6.4.2. Software Configuration

6.4.2.1. Implementation Using Location AT Commands

This application requires to set the AT+GPSINIT command parameters <on_off> and <clock32k> to
specify respectively the use of external ON/OFF (value: 65535) and external 32K (value: 2) (see [1]
for more details on +GPSINIT). For example:

AT+GPSINIT=1,1,2,65535,23,65535,0,2,65534

The external application must ensure that ON/OFF is high, reset is high (or unconnected), and 32K is
available at least prior to +GPSSTART command, and at minimum until +GPSSTOP command. In
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addition, these signals must be maintained as long as it is expected to have XM0110 in GPS
Hibernate mode to take all benefits from this application.

On some specific error events (typically, +GPSEVABORT events), application must attempt to reset
or power OFF / power ON AirPrime XM0110 and restart GPS.

6.4.2.2. Implementation Using Location Library

This application requires the hardware settings at gps_init() API to specify the use of external 32K and
external ON/OFF (see [2] for more details on gps_init() APl and hardware configuration options).
Typically, the is done by following assignments:

ptIoConfig->ul60nOffCmdID = GPS GPIO NOT MANAGED;
ptIoConfig->e32kMngt = GPS 32K EXTERNAL;

The external application must ensure that ON/OFF is high, reset is high or unconnected, and 32K is
available at least prior to gps_start() API call, and at minimum until gps_stop() API call. In addition,
these signals must be maintained as long as it is expected to have AirPrime XM0110 in GPS
Hibernate mode to take all benefits from this application.

On some specific error events (typically on GPS_ABORT_EVENT received on the GPS event
callback, application must attempt to reset or power OFF / power ON XM0110 and restart GPS.
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7. Examples and Additional
Information

7.1. Total System Power Consumption

The table below provides summary of the total system power consumption for internal and external
LNA cases.

Power consumption figures are based on the current measurement figures indicated in the document,
and considering following power supply levels:

e 2VO0 for AirPrime XM0110
e 3V6 for AirPrime WMP100

Table 15: Combined System power consumption example for AirPrime XM0110 GPS Module and AirPrime WMP100
Embedded Module for UART

Embedded Active Mode Sleep Mode Sleep Mode Alarm or
e Stack ON®W Stack ON® Stack OFF OFF Modes
XMO0110 (148mWw) (12mW to (3mW to (72 pw)
107mW) 104mW)
— GPS Off
x = <Z( (0 uW) 148 mW 12 mW 3mw 90 yWw
L _5
= -
2w CRT IOl 148 mW 13 mw 3Imw 122 pw
<o c (50uW)
sc 2
asx GPS Idle
) (0.8mW) 148 mW 24 mW 4 mW
very Low Power 160 mW 85 mw 82 mw
c (12mw)
2 <Z( Low Power
© 167 mW 102 mW 102 mW
? % (19mwW) 67 m 02 m 02 m
T < ’
= M P
Z 3 edium Power 186 mW 116 mw 105 mwW
Full Power
(57mW) 204 mwW 136 mW 125 mW
very Low Power 162 mwW 87 mw 83 mw
c (14mW)
o <
T 5 Low Power 170 mw 105 mwW 105 mwW
o= (22mw)
T ,
Z 5 Medium Power
= 192 mW 121 mW 110 mW
N E (44mW) m m m
H N—r
Full Power
(65MW) 213 mwW 144 mW 133 mW

(1) AirPrime WMP100 Embedded Module with GSM Stack ON in GSM Idle, Paging 4.

Pink colored boxes require ‘Host wake-up application’ to be implemented. Blue colored box requires
‘XM0110 external control application’ to be implemented.

Use of Embedded Module Sleep Mode benefits are:

e About 90% power savings in Push-to-Fix scenarios
e From 20% power savings in full power 1Hz navigation up to 40% in low power 1Hz navigation
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7.2. Example of Use-Case: Medium Power
Navigation with Embedded Module Sleep
Mode

Below is an example of the sequence to be used to perform Standard GPS Navigation at Medium
power, with Embedded Module Sleep Mode.

The example is provided for use of GPS AT commands with the AirPrime XM0110 Daughter Board for
Development Kit. Similar result can be obtained with hardware application implementing the
Embedded Module Wake-Up (see 6.3).
1. Setup your hardware
a. Connect your XM0110 Daughter Board to your Embedded Module Development Kit

b. Configure your XM0110 Daughter Board for UART interface, and with INT jumper set to
‘NO’ position to force wake-up through interrupt (see [6]).

c. Power ON your Embedded Module Development Kit
2. Activate your GPS AT application (if not already activated):
AT+WOPEN=1
3. Make sure your USB port is not in use (no USB device connected)
4. Set Embedded Module to Sleep Mode:
AT+W32K=1,0

Note: As DTR will not wake-up the Embedded Module with this specific setting, it may be needed to enter a
character prior to the following AT commands, to wake-up the module. Alternatively, you can use
AT+W32K=1,1, and make sure DTR is low when no AT command is to be sent to have Embedded
Module entering sleep mode)

5. Turn GSM Stack OFF (optional):
AT+CFUN=0
6. Initialize the GPS with correct settings, in particular with host wake-up set to INTO:
AT+INIT=1,1,2,22,23,65535,0,1,65534
7. Configure the GPS Navigation to Medium Power:
AT+GPSCONF=0, 1
8. Activate the host wake-up mechanism:
AT+GPSCONF=3, 1
9. Start GPS Navigation:
AT+GPSSTART

You are now navigating, with 1Hz NMEA data output on the UART1 interface, at an average
combined current of 39mA.

You can observe the Antenna Supply LED: as soon as medium power navigation is effective, i.e. non-
permanent RF activity is used, this LED will be blinking: it is OFF in the RF off periods.
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7.3.

Example of Use-Case: Push-to-Fix scenario
with Embedded Module Alarm mode

Below is an example of the sequence to be used to perform one GPS fix each hour, and no activity in
between.

The example is provided for use of GPS AT commands with the AirPrime XM0110 Daughter Board for
Development Kit. Similar result can be obtained with hardware application implementing the External
XMO0110 Control (see 6.4).

1. Setup your hardware
a. Connect your XM0110 Daughter Board to your Embedded Module Development Kit
b. Configure your XM0110 Daughter Board for UART interface, with ON/OFF jumper set to
‘ON’ position. Provide an appropriate 32k clock signal to 32K jumper pin (see [6]).
c. Power ON your Embedded Module Development Kit
2. Activate your GPS AT application (if not already activated):
AT+WOPEN=1
3. Initialize the GPS with correct settings, in particular with external ON/OFF, external 32K,
external Reset:
AT+INIT=1,1,2,65535,65535,65535,65535,2,65534
4. Start GPS Navigation
AT+GPSSTART
5. Wait for a fix event: +GPSEVPOS:3
a. Cold start TTFF conditions is observed
b. You have your GPS position
6. Stop GPS Navigation
AT+GPSSTOP
7. You can now power OFF the Embedded Module or program an Alarm with AT+CALA
Note: You are now in the very low current consumption mode of 46UA.
8. When required, you can restart Navigation:
AT+GPSSTART
9. Wait for a fix event: +GPSEVPOS:3

a. Fast start TTFF must be now be observed
b. You have your new GPS position

In order to maintain fast start conditions, you must maintain, at least once every 2 hours, some
navigation for several minutes, to ensure satellites ephemerides are collected.
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