Product Technical Specification & Customer Design Guidelines

FCC RF Radiation Exposure Statement:

1. This Transmitter must not be co-located or operating in conjunction with any
other antenna or transmitter.

2. This equipment complies with FCC RF radiation exposure limits set forth for
an uncontrolled environment for body-worn configuration in direct contact to the
phantom.

Information to OEM integrator

The OEM integrator has to be aware not to provide information to the end user
regarding how to install or remove this RF module in the user manual of the end
product.

The user manual which is provided by OEM integrators for end users must
include the following information in a prominent location.

1. To comply with FCC RF exposure compliance requirements, the antenna used
for this transmitter must be installed to provide a separation distance of at least 20
cm from all persons and must not be co-located or operating in conjunction with
any other antenna or transmitter, except in accordance with FCC multi-
transmitter product procedures.

2. Only those antennas with same type and lesser gain filed under this FCC ID
number can be used with this device.

3. The regulatory label on the final system must include the statement: “Contains
FCC ID: MAUOS50 or using electronic labeling method as documented in KDB 784748.

4. The final system integrator must ensure there is no instruction provided in the
user manual or customer documentation indicating how to install or remove the
transmitter module except such device has implemented two-ways
authentication between module and the host system.

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant
to part 15 of the FCC rules. These limits are designed to provide reasonable protection against harmful
interference in a residential installation. This equipment generates, uses and can radiate radio frequency
enerqy and, if not installed and used in accordance with the instructions, may cause harmful interference
to radio communications. However, there is no guarantee that interference will not occur in a particular
installation. If this equipment does cause harmful interference to radio or television reception, which can
be determined by turning the equipment off and on, the user is encouraged to try to correct the
interference by one or more of the following measures:

-Reorient or relocate the receiving antenna.

-Increase the separation between the equipment and receiver.

-Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
-Consult the dealer or an experienced radio/ TV technician for help.

FCC Part 15.21 information for user

You are cautioned that changes or modifications not expressly approved by the party responsible for
compliance could void your authority to operate the equipment.

()]
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Table B-1: Mechanical and environmental specifications

Temperature

The LTET750 madule complies with the mechanical and
environmental specifications in Table 8-1, Final product conformance
lo these specilications depends on the OEM device implementation.

Operational -30°C to +60°C - Full RF compliance
MNon-operational | -40°C to +85°C, 86 hours
(from MIL-ST D 202 Method 108)
Relative humidity MNon-operational | BS°C, 85% relative humidity for 48 hours
(non-condensing)
Vibration Mon-operational | Random vibration, 10 to 1000 Hz, nominal
& G rms in each of three mutually perpendicular axes.
Test duration of 60 minutes for each axis, for a total test
time of three hours
Shock Mon-operational | Half sine shock, 2 ms, 180 in/s (375 g).
Tested in each of three mutually perpendicular axes,
positive and negative (5 x 6, 30 bumps total).
Mireus BlAan_Arnaratiaeal 4 i oAan cancraibs Aan aach AFf ehy Facras e Bmae fmadills
[ =41 PR ) S PR W W el A WP et W DA IS, LT IS (RS
only).
(Electrostatic discharge Cperational The RF port (antenna launch and RF connector) complies
(See Electrostatic with the |IEC 61000-4-2 standard:
drsd'l?jrge (ESD) on *  FElectrostatic Discharge Immunity: Test Leveld
page 33.) Contact Discharge: 16 kV
Air Discharge: £8 kV
Mon-operational | The host connector Interface complies with the following

standards only:
= 41 kV Human Body Model (JESD22-A114-B)

* +-125 V Charged Device Model (JESD22-C101)

Thermal considerations

See Thermal considerations on page 58.

Form factor PCI-Express Mini Card shielded with metal and metalized
tabric
Dimensions Length: 5095 mm
Width: 30 mm
Thickness. 4.75mm
Weight: Approximately 10 g
Proprietary and Confidential - Contents subject to change &3
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Device views

Figure 8-1; Top and bottom views
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Mechanical and Environmental Specifications

Electrostatic discharge (ESD)
Tha OEM Is responsible for ensuring that the Mini Card host interface pins are not

evrmead b ESM dirna handlina ac o el anesaban (Ses Tabla 821 An nsaea B9
sxpossd k= ESD dunng handling or nomal operation (SesTalle 81 onpage 52
for specifications.)

ESD protection is highly recommended for the SIM connector at the point where
the contacts are exposed, and for any ofher signals from the host interlace that
would be subjectad 1o ESD by the user of the preduct. (The devics incdudea ESD

profecion on the antenna.)
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Thermal considerations

Embedded modules can generate significant amounts of heat that must be
dissipated in the host device for safely and performance reasons.

Figure 8-4. Shield locations

The amount of thermal dissipation required depends on:

* Supply voltage—See Chapler 6: Power on page 45 for details of max power
dissipation for various operating modes.

* Usage—Typical power dissipation values depend on the location within the
host, amount of data transferred, etc.
Specific areas requiring heat dissipation are shown in Figure 8-4:

«  Transmitter—Top face of module near RF connectors. Likely 1o be the hottest
arga.

= Baseband 1—Top face of module, below the transmitter.
*  Receiver—Bottom face of module, behind the transmitter.
« Baseband 2—Bottom face of module, behind Baseband 1.

To enhance heat dissipation:
« Maximize airflow over/around the module.
* |ocale the module away from other hol components.

* |i possible, use the mounting holes to atlach {ground) the device to the main
PCB ground or a metal chassis.

Nate: Adeguate dissipation of heat is necessary fo ensure that the module functions
prapertly, and fo comply with the thermal requirsaments in [11] PCI Express Mini Card
Electromechanical Specification Revision 1.2.

Caution: Thermal pully is not recommended—incorrect apphication of the malerial could
require exessive pressure fo be applied when seating the board, resulting in damage to the
board.
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Mechanical and Environmental Specifications

Module integration testing
When festing your integration design:
» Test to your worsl case operaling environmant conditions (temperature and

voltage)

« Test using worst case operation (transmitter on 100% duty cycle, maximum
power)

*  Monitor temperature at all shield locations. Aftach thermocouples to the areas
indicated in Figure B-4 on page 56 (Transmitter, Baseband 1, Receiver,
Baseband 2},

Note: Make sure that your system design provides sufficient cooling for the module. RF
shield termperature should be kept below 80°C when integrated to prevent damage fo the

module’'s components.

(For acceptance, certification, quality, and production (including RF) test
suggestions, see Testing on page 71.)
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Aarns and Indinetrms A nnravale
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This module is designed to and, upon commercial release, will be
cerlified to meel carrier requirements (e.0. Vierizon Wireless).

Upon commercial release, the following regulatory approvals will
have been attained;

= FCC
= |C ({Industry Canada)

Upon commercial release, the following industry approvals will have
been obtained:

» GCF-CC (may be obtained upon customer request)

Additional approvals may be obtained upon customer request—
contact your Sierra Wireless account representative for detalls.
Additional testing and certification may be required for the end
product with an embedded LTET 750 modem and are ihe
responsibility of the OEM. Sierra Wireless offers professional
services-based assistance to OEMs with the testing and certification
process, if reguired.

Important notice

[ e Comamt B i i o e 4 w3 - e =

Because of the nalure of wireless communications, transmission and
recephon of data can never be guaranteed, Data may be delayed,
corrupted (i.e., have errors) or be fotally lost. Although significant
delays or losses of dala are rare when wireless devices such as the
Sierra Wireless modem are used in a narmal 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
and its affiliates accept no responsibility for damages of any kind
resulting from delays or errors in data transmitted or received using
the Sierra Wirgless modem, ar for failure of the Sierra Wirgless
modeam to transmit or receive such dala.

Safety and hazards

Do not operate your LTET750 modem:
* |n areas whera blasling is in progress

*  Where explosive atmospheres may be prasent including
refuelling points, fuel depots, and chemical plants

« Near medical equipment, life support equipment, ar any
equipment which may be susceptible to any form of radio inter-
ference. In such areas, the LTET750 modem MUST BE
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POWERED OFF. Otherwise, the LTET750 modem can transmit signals that

could interfera with this equipment,

In an aircraft, the LTE7750 modem MUST BE POWERED OFF Otherwise, the
MC7750 modem can transmit signals that could inlerfere with various onboard
systems and may be dangerous to the operation of the aircraft or disrupt the
cellular network, Use of a cellular phone in an aircrait is illegal in some
|urisdictions. Failure to observe this instruction may lead to suspension or denial
of cellular telephone services to the offender, or legal action or bath.

Some airlines may permit the use of cellular phones while the aircraft is on the
ground and the door is open. The LTET750 modem may be used normally at this
fime.

Important compliance information for
North American users

The LTET750 modem has been granted modular approval for mobile applications,
Integrators may use the modem in their final products without additional FCC/IC
(Industry Canada) certification if they meet the following conditions. Ctherwise,
additional FCC/IC approvals must be obtained,

=  Although the LTE7750 modem has been granted medule approval, there are
many conditions attached to this approval; final host integration will likely
require additional testing. Detailed guidelines are described in OEM device
classification process on page 61 to assist OEM medule integrators in deter-
mining the extent of additional tesling necessary to comply with FCC require-
ments,

= The end product with an embedded LTET750 modem must be evaluated for
simultaneous transmission reguirements. See Simultaneous transmission
evalualion on page 62 for details.

* A user manual with the end product must clearly indicate the operating
requirements and conditions that must be observed to ensure compliance
with current FCC / IC RF exposure guidelines. See OEM product instruction
manual content on page 63 for details.

»  Tocomply with FCC / 1C regulations limiting both maximum RF output power
and human exposure to RF radiation, the maximum antenna gain including
cable loss in a mobile-only exposure condition must not exceed:

-+ Part 22 (Cellular). 7.3 dBi
- Part 24 (PCS): 3 dBi
. Part 27 (Band 13): @ dBi

*  Alabel must be affixed to the outside of the end product into which the
LTE7750 modem is incorporated. with a statement similar to the following:

- This device contains FCC ID: MAUD50

The end product with an embedded LTET750 modem may also need to pass the
FCC Parl 15 unintentional emission lesting requiremenis and be properly
authorized per FCC Part 15,
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Regulatory and Industry Approvals

Note: If this module is intended for use in a portable device, you are responsible
for separate approval to salisfy the SAR requirements of FCC Part 2.1083 and IC
RS5-102.

OEM integration

Application of regulatory guidelines

Because 'near-body’ devices (handhelds, laptops, tablels, scanners, ele.) vary
widely in design features, physical configurations, and use-models, module
integrators shall follow the guidelines below regarding davice classification and
simultaneous transmission, and seek guidance from their preferred regulatory
lest lab to determine how regulatory guidelines will impact the device compliance.,
Proactive management of the regulatory process will minimize unexpected
schadule delays and costs due fo unplanned testing activilies.

Device classifications

The OEM integrator must determine the minimum distance required between their
device and the user's body.

The FCC provides device classification definitions to assist in making the correct
delermination. Nole that these classifications are guidelines only, strict
adherence to a device classification may not satisfy the regulatory requirement as
near-body device desian details may vary widely,

FCC definitions:
Portable: (§2.1093)—A poriable device is defined as a transmitting device
designed to be used so that the radiating structure(s) of the device is/are
within 20 centimeters of the body of the user,
Mobile: (§2.1081)(b)—A mobile device is dafined as a transmitting device
designed to be used in other than fixed locations and to generally be used in
such a way that a separation distance of at least 20 centimeters is normally
maintained between the transmitter's radiating structure(s) and the body of
the user or nearby persons,

Per §2.1081d{d){4) In some cases (lor example, modular or desktop transmitters),
the potential conditions of use of a davice may not allow sasy classification of that
device as either Mobile or Portable. In these cases, applicants are responsible for
detarmining minimum distances for compliance for the intended use and
installation of the device based on evaluation of sither specific absarption rate
(SAR), field strength, or power density, whichever is most appropriate.

OEM device classification process

The primary factor in determining whether a device will be classified as a Portable
product or as a Mobile product is anfenna separation distance (body to radiating
antenna elemeant).
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The review process between the OEM meadule integrator and the preferred

requlatory test lab is a crucial step in determining the appropriate device
classification, as it is impractical for Slerra Wireless to define all possible
combinations of design features, antennas, physical configurations, and use-

models.

1. Perform a device review with the preferred regulatory test lab to confirm
device classification,

2. Determine the Certification type (Standalone or C2PC from an existing
Modular Grant).

3. I the device classification is;
- Portable: Praferred regulatory test lab to determine if a PBA or KDB is
required.
- Moblle: Preferred regulatory test lab to determine it a PBA is requirad.

(Note: A PBA or KDB will likely be required for new technologies such as LTE
or WiMAX.)

4. |f the device classification is Mobile, confirm the antenna dﬂe— not viclate the
e o A U gy e ant

Gain Limits prHIIL io the modiile gl:ﬂll ds E-F.JH'L-IHBU in I-IT[.'I"JI
information for North American users on page 60.

5. OQutline and exacule a test plan with the preferred regulatory test lab,
Tesling is likely to include some or all of Paris 15, 22, 24, 27, and either SAR
{(for Portable devices) or MPE {for Mobile davices),

6. [Follow product labeling requirements as described in Important compliance
information for North American users on page 60. (Ref §2.925)

7 Ineliidds the OYERM mracdnet inete rue edimn mam sl contant An nans 82 hoilar
§. INCiUCe the U proguct instruction manual conlent on page &2 ol

text within the host product’s instruction manual,

complia

ce

Simultaneous transmission evaluation

The LTE7750 madem has not been evaluated or approved for simultanecus
transmission as the number of possible multi-fransmission scenarios for this
device is large. Any simultaneous transmission condition established through
module integration into a customer-specific product must be evaluated per the
requirements in KDB447428001(8) and KDB&16217001,003 (for laptop,
notebook, netbook, and tablel applications).

These requirements include, but are not limited to:

» Transmitters and modules certified for mobile or portable exposure conditions
can be incorporated in mobile host davices without further testing or certifi-
cation when:

- The closest separation among all simullaneous transmitting antennas is
=20 cm),

or

- Antenna separation distance and MPE compliance requirements for All
simultaneous transmitting antennas have been specified in the application
filing of at least one of the certified transmitters within the host device. In
addition, when transmitters certified for portable use are incorporated in a
mobile host device, the antenna(s) must be =5 cm from all other simulta-
neous transmitting antennas.
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Regulatory and Industry Approvals

+ Al antennas in the final product must be at least 20 em from users and
nearby persons.

OEM product instruction manual content

Consistent with §2.202(a), the following text must be included within the user's
manual or operator instruction guide for the final commercial product, (OEM-
specilic content is displayed in italics.)

Operating Requirements and Conditions

The design of (Produet Name) complies with LS. Federal Communications Commission
{(FCC) guidelines respecting safety levels of radio frequency (RF) exposure for (OEM to
insert device classification: Mobile or Portable) devices.

FCCID: Incluge Standalone FCC 1D or Module FCC [ as required)

Note: Include the following RF Exposure statement for Mobile devices only.

RF Exposure - This device 15 only authonized for use in a mobile application. At least
20 em (8 inches) of separation distance between the (Product Name) device and the user's
body must be maintained at all umes

Note: Include the following RF Exposure statement for Portable devices anly:

RF Exposure - This device has been tested for compliance with FCC RF exposure limits
in & portabie configuration. At least (fnsert Reguired Separation Distance from RF
Exposure Evaluation) cm of separation distance between the (Product Name) device and
the user's body must be maintained at all times. This device must not be used with any
other antenna or transmitter that has not been approved to operate in conjunction with this

device.

Note: Always include the following Cautficn statement,

TAUTION: Any changes or modifications not expressly approved by (Company Name)
or Sterra Wireless could void the user’s authority to operate the equipment.

Note: Include the following statement if Part 15 of the FCC Rules is required, Integration
inte host devices containing unficensed devices may reguire additional comments in this
section. The OEM should confirm the extent of their user's guide content with their
preferred regulatory test lab.

MNote: This equipment has been tested and found 1o comply with the imits for a (OEM (o
insert device type: Class A or Class B) digital device, pursuant to Part 15 of the FCC
Rules. ((3EM must follow Part 15 guidelines (§15. 105 and §135.19) 1o determine
additional statements reguired in this section for their device class)
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This appendix describes recommended electrical performance
criteria tor main path, diversity path, and GPS antennas used with
AirPrime embedded modules.

The perfarmance specifications described in this section are valid
while antennas are mounted in the host device with antenna feed
cables routed in their final application configuration.

Note. Antennas shoukd be designed before the industrial design is finished
fo make sure thatl the best antennas can be developed

Table A-1: Antenna requirements ?

Antenna system External multi-band 2x2 MIMO

If Ant2 includes GPS, then it must also satisfy

requirements in Table A-2 on page 67.

antenna system (Ant1/Ant2)?
Operating bands of Ant1 T00-960 MHz
and Ant2®

1710-1990 MHz

2110-2170 MHz

2500-2700 MHz

VSWR of Ant1 and Ant2 1:1 (ideal)
< 251 (recommended)

On all bands including band edges

Total radiated efficiency of | = 50% on all bands
Ant1 and Ant2

= Measured at the RF connector

*  |ncludes mismatch losses, losses in the
matching circuit, and antenna losses,
excluding cable loss.

*  Sierra Wireless recommends using
antenna efficiency as the primary
parameter for evaluating the antenna
systerm.

Peak gain is not a good indication of
antenna performance when integrated
with a host device (the antenna does not
provide omni-directional gain patterns).
Peak gain can be affected by antenna
size, location, design type, etc. —the
antenna gain patterns remain ficed unless
ane or more of these parameters change.

Radiation patterns of Ant1 | Nominally Omni-directional

and Ant2 radiation pattern in azimuth plane.
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Table A-1: Antenna requirements (Continued)®

Envelope correlation
coefficient between Ant1
and Ant2

<04 on 730-960 MHz band

= 0.3 on 1800-1990 MHz and
2110-2170 MHz bands

< 0.2 on 2600-2700 MHz band

MEG1 | MEG2 |

Mean Effective Gain of =-3dBi

Ant1 and Ant2 (MEG1,

MEG2)

Ant1 and Ant2 Mean < 2 dB for MIMO operation
Effective Gain Imbalance | | <6 dB for diversity operation

Maximum antenna gain

Must not exceed antenna gains
due to RF exposure and ERP/
EIRP limits, as listed in the
module’s FCC grant.

Seea Important compliance infarmation for
Morth American users on page 60,

Isolation between Ant1 and
Ant2 (521)

>10dB

* |f antennas can be moved, test all
positions for both antennas.

¢ Make sure all other wireless devices

(Bluetooth or WLAN antennas, etc.) are
turned OFF to avoid interference.

Power handling

* =2 WRF poweron low bands
= =1 Won high bands

*  Measure power endurance over 4 hours
(estimated talk time) using a 2 W CW
signal—set the CW test signal frequency
to the middle of the PCS Tx band
(1880 MHz for PCS).

*  \isually inspect device to ensure there is
no damage to the antenna structure and
matching components,

+  VEWRITISITRF measurements taken
before and after this test must show
similar results

. These worsl-case VSWR figures for the transmiiter bands may nolt guarantee RSE levels lo be within regulatory limits, The
device alone meets all regulatory emissions limits when lested into a cabled (conducted) 50 ohm system. With entenna
designs with up to 2.5:1 VBWR or worse, the radiated emissions could exceed lmils. The antenna syslem may need to be
tuned in order to meet the RSE limils as the complex malch between the module and antenna can cause unwanted levels of
emissions. Tuning may include antenna pattermn changes, pahse/delay adjustment, passive component matching. Examples of
the application test limits would be included in FCC Part 22 and Part 24, test case 12.2.1 for GSM (2GPP TS 51.010), and test
case 4.2 2 for WCDMA (ETSI EN 301 5111

b. Ant1—Primary, Ant2—>Secondary (Diversity/MIMO/GPS conneclor 2}

¢. Sated band ranges satisfy requirements for both Ant1 and Ant2,

Proprietary and Confidential - Contents subject to change
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Antenna Specification

Recommended GPS antenna
specifications

Table A-2: GPS standalone antenna requirements

Frequency range

* 157542 MHz £2 MHz

minimum

s 15851606 MHz recom-
mended

Field of view (FOV)

*  Omni-directional in azimuth
45" to +30" in elevation

Polarization
{average Gv/Gh)

=0dB

Vertical linear polarization is
sufficient

Free space average gain

(Gv+Gh) over FOV

= .6 dBi (preferably > -3 dB0
5 dil [oreferably = g

Gy and Gh are measured and

averaged over -45 to +80" in
elevation, and +180° in azimuth.

Gain *  Maximum gain and uniform
coverage in the high elevation
angle and zenith

*  Gain in azimuth plane is not
desired

Average 3D gain = -5 dBi

Isolation between GPS and
Anti

=10 dB in all uplink bands

Typical VSWR

<251

Polarization

Any other than LHCP (left-hand
circular polarized) is acceptable.

Rev 4 Sep 11

Antenna tests

The fallowing guidelines apply to the requirements descnbed in Table A-1 on
page 65 and Table A-2 on page 67:

+ Perform electrical measurements at room temperature (+20°C to +267°C)
unless otherwise specified

+  For main and diversity path antennas, make sure the antennas (including
contact device, coaxial cable, conneclors, and matching circuit with no more
than six components, if required) have nominal impedances of 50 €} across
supported frequency bands.

» Al tests (except isolation/correlation coefficient)—Test the main or diversity
antenna with tha other antenna terminated.
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« Any metallic part of the antenna system that is exposed to the outside
enviranment needs to maet the electrostatic discharge tests per IECE1000-4-

2 (conducted discharge +8kV).

*  The tunctional requirements of the antenna system are tested and verified
while the embedded module's antenna is integrated in the host device,

Note: Additional lesting, including active performance lests, mechanical and accelerated
life tests can be discussed with Sierra Wireless' engineering services. Contact your Sierra
Wireless representative for assistance
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This chapter provides a summary of the design considerations
mentioned throughout this guide. This includes itams relating to the
power interface, RF integration, thermal considerations, cabling
issues, and so on.

Note: This is NOT an exhausiive st of design consideralions. It is expected

that yois will emproy good design praclices and engineering principies in your
integration

Table B-1: Hardware integration design considerations

Component placement

Protect the SIM socket so the SIM cannot be removed while the | SIM implementation on
host is powered up. page 32

If an ESD suppressor is not used, allow space on the SIM SIM implermentation on
connector for series resistors in layout. (Up to 100 &2 may be page 32
used depending on ESD testing requirements).

Minimize RF cable losses as these affect performance values RF connections on page 37
listed in product specification documents.

Antennas

Match the module/antenna coax connections to 50 Q— RF connections on page 37

mismatched antenna impedance and cable loss negatively
affect RF performance.

If installing COMA and UMTS modules in the same device, Antenna and cabling on
consider using separate antennas for maximum performance. page 38

Power

Make sure the power supply can handie the maximum current Power consumption on
specified for the module type. page 43

Limit the total impedance of VCC and GMD connections to the | SIM implementation on
SIM at the connector to less than 1 £ {including any trace page 32

impedance and lumped element components—inductors, filters,
etc.). All other lines must have a trace impedance less than 2 Q2

Decouple the YCC line close to the SIM socket. The longer the | SIM implementation on
trace length (impedance) from socket to module, the greater the | page 32
capacitance requirement to meet compliance tests.

EMI/ESD

Investigate sources of localized interference early in the design | Methods to mitigate decreased
cycle, Rx performance on page 40
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Table B-1: Hardware integration design considerations (Continued)

Provide ESD protection for the SIM connector at the exposed
contact point {in particular, the CLK, VCC, 10, and RESET lines).

SIM implementation on
page 32

Keep very low capacitance traces on the USIM_DATA and
USIM_CLK signals.

SIM implementation on
page 32

To minimize noise leakage, establish a very good ground
SO r hahuysan tha madila and

odin (5T =11
connection petween the moguie anga f :uan

Ground connection on page 39

Route cables away from noise sources (for example, power
supplies, LCD assemblies, etc.).

Methods to mitigate decreased
Rx performance on page 40

Shield high RF-emitting components of the host device (for
example, main processor, parallel bus, etc.).

Methods to mitigate decreased
Rx performance on page 40

Use discrete filtering on low frequency lines to filter out unwanted
high-order harmenic energy.

Methods to mitigate decreased
Rx performance on page 40

Use multi-layer PCBs to form shielding layers around high-speed
clock traces.

Methods to mitigate decreased
Rx performance on page 40

Thermal

Test to worst case operating conditions—temperature, voltage,
and operation mode (transmitter on 100% duty cycle, maximum

power).

Thermal considerations on
page 56

Use appropriate technigues to reduce module temperatures (for
example, airflow, heat sinks, heat-relief tape, module placement,
etc.).

Thermal considerations on
page 56

Host/Modem communication

Make sure the host USB driver supports remote wakeup, [5] AirCard/AirPrime USB
resume, and suspend operations, and serial port emulation. Driver Developer's Guide
{Doc# 2130634)
When no valid data is being sert, do not send SOF tokens from | [5] AirCard/AirPrime USB
the host (causes unnecessary power consumption). Driver Developer's Guide
{Doc# 2130634)
Proprietary and Confidential - Gontents subject to change 2400074
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Nete: All AirPrime embedded modules are factory-fested to ensure they
conform to published product specifications.

Developears of OEM devices integrating Sierra Wireless AirPrime
embeddad modules should include a series of 1est phases in thelr

mmnifartiirinn nracoce in msks cora that thair devicao winrks
VEACAE |l IR R 1 o LR AT THIRRE SiE o Tan wrell GEVICES WO

with the embedded modules.

Suggested phases include:

+ Acceptance testing—Testing of modules when they are received
from Sierra Wireless

» Certification testing—Testing of completed devices to obtain
reguired certifications before beglnnlng mass pmdummn
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* Quality assurance testing— Post-production
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AT command entry timing
requirement

Some AT commands require time 1o process before additional
commands are entered. For example, the madem will return “"OK”
when it receives ATIDAFTMACT. Howaver, if ATIDASBAND is recaived
loo soon after this, the modem will return an error.

When building automated test scripts, ensure that sufficient delays
are embedded where necessary to avoid these errors.

Acceptance testing

Note: Acceplance testing is typically performed for each shipmen! recened,

When you receive a shipment from Sierra Wireless, you should make
sure it is suitable before beginning production,

From a random sampling of units, test that:
*  Units are operational
* Units are loaded with the carrect firmware version
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Note: You can perform
these lests using appro-
priafe AT commands.

72

Acceptance test requirements

To perform the suggested tests, you require a test system in which to tempaorarily
install the medule, and you must be able to observe the test device's LED
indicator.

Acceptance test procedure

The following is a suggested acceptance tesling procedure using Sierra Wireless'
Watcher™ software:

Test 1: Check power-up and initialization

1. After installing the medule, start the lest system.

2. Launch Watcher.

3. Check the LED—If the LED is off, thare is a problem wilh the module or with
the connection to the LED.

Test 2: Check version numbers

1. From Walcher, select Help > About.

2. \Verify that the firmware version in the About window is correct.
3. Close the About window.

It the module fails either of these tests, or is not recognized by Watcher:

1. Replace the module with one that is known to work correctly and repeat the
tests.

2. i the tests are successiul, reinstall the original module and repeat the tests.

It the module still does not work correctly, contact your account manager.

Certification testing

Note: Typically, certification lesting of vour device with the inlegraled module is required
one time only.

The AirPrime embedded module has been certified as described in Regulatory
and Industry Approvals on page §2.

When you produce a host device with a Sierra Wireless AirPrime embedded
module, you must ablain certifications for the final product fram appropriate
regulatory bodies in the jurisdictions where it will be distributed.

The following are some of the regulatory bodies from which you may require
certification—it is your responsibility 1o make sure that you obtain all necessary
certifications for your product from these or other groups:

= [FCC (Federal Communications Commission—www.Icc.gov)
* Industry Canada (www.ic.gc.ca)
« (CBA (Canadian Standards Association—www.csa.ca)
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«  Factory Mutual (FM Global—www.allendale.com)

* LUnderwnters Laboratories Inc. (www.ul com}

+ CDG (COMA Development Group—www cdg.org)

+ GCF (Global Certification Forum—www.globalcertificationforum.org) outside
of North America

PTCRB (PCS5 Type Certification Review Board—www.pterb.com) in North
America

Note: Produchion festing lypically continues for the fife of the product

Preduction testing ensures that, for each assembled device, the module is
installed correctly (1/O signals are passed between the host and module), and the
antenna is connected and performing to specifications (RF tests).

Typical items lo lest include:

+ Host connectivity

* Baseband (GPIOQ, host/module conneclors)

+ HF assembly (Tx and/or Rx, as appropriale)

=  Metwork availability

= Host/device configuration issues

Note: The amount and types of tests lo perform are your decision—the tests listed in this
section are guidelinas only. Make sure that the tests you perform exercise functionality to
the degree that your siluation requiras.

Use an appropriate test station for your testing environment (see Acceptance test
requirements on page 72 for suggestions) and use AT commands to control the
integrated module.

Note: Your fest location must be profected from ESD to avoid interference with the module
and antenna(s), assuming that your test computer (s in a disassembled stale.

Also, consider using an RF shielding box—local government regulations may prohibit
unauthorized fransrmissions,

Functional production test

This seclion presents a suggested procedure for performing a basic manual
functional test on a laboratory bench using an AirPrime embedded module and a
Mini Card Dev Kit. When you have become tamiliar with the testing method, use it
lo develop your own automated production testing procedures.
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Suggested production tests

Consider the following tests whan you dasign your production test procedures for
davices with the AirPrime modube installed.

Visual check of the module’s connactors and RF assemblies
Modula ts oparational

USH connaction ks lunclional

LED is functional

W_DISABLE_N (module power down)

Firnverare revision chack

Bx tests on main and auxiliary pathes

Tx tast

Production test procedure

The following is a suggested tast plan—you must decide which tests are
appropriate for your product. You may wish to add addiional tests that more Rlly
axwrcise the capabiiies of your product

Using an appropriate Dev Kit-based test station, and refeming to the appropriate
AT command references:

-3

4

Visually inspact the module’s connactors and RF assemblias for obvicus

defects bafore instaling itin the test station.

Ensure that the module is turned off befora beginning yvour tasts— Drive

W_DISABLE _N low.

IF using Linue, determine if any LISB devices are curmently connaclad o the

computer;

a. Open a shell window and entar the command ls /dev'y/USE*

b, Record the ttylUSBn values that are returned; these ars the currantly
connacted USB devices. Il the command raturns “no such file or
directory”, there are no davices currently connected.

Tast'W_DISABLE N—Turn on te meduls by latling W _DISABLE N loat

(high impedance).

Test USE lunctionality—Check for USB snumeration.

- {Windows systems) The Device Manager shows Sierma Wireless items
undar Ports (COM & LPT). The devices shown dapand on tha module iypae.
For exampla’]

= Y ports (COMBLET)
5 Proter Port (LPTY)
7 Serra Wireless AT Command Port (UMTS) (COMSI)
5 Sarra Wirslses O Port (LMTS) (COMEZ)
o Serra Wrreless Dats Port (UMTS) (COMS3)
~F Serra \Wirsless DM Port (UMTS) (COMES)

« {Linux systems) Enter the command s /dew/iy/USB* and then racord and
compara tha results with those from Step 3. If there are any new tyUSBn
davices, then the modem has enumerated succasshully, (There should be
seven new devices) For example:
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With one othar USB davica already connactlad and assignad to
tylSB1

{Mots: The AT portis the fourth new device—/devittyLISB4.)

6. Make sure your modem Is connacted and nunning, and then establish contact
with the moduls:
+ Windows systems: Use a temminal emulation/communications program
such as Microsoft HyperTerminal™ to connect over the COM por reserved
for AT commands (zee listings in Step 5)!

a. Start HyperTemminal
b. SelectFile > Connection Description. The Comnnaction Descrption dialog

Note! ¥ necessary, use
AT ET o anable echo

Note: if the command
“mirmcom” is nof found|
than use 3 difersnt
program, or dovwmioad
mimicom and repaal this
step. See Downloading
and configuring minicom
for Linux systems on
page 76 for details.

Rev4 Sep.11

box appears

I. Type Siarra in the Mame box and click OK. The Connect To dialog box
appears

11, Click OK without changing any of the displayed Information, The
Connect dialog box appears

1il, Chick Cancel

Iv. Type ATZ in the HyperTerminal window, I the connection is
astablished, the message OK appears

» Linux systems: Lise a larminal emulation/communications program such

as minicom to connect over the device handle for AT commands (saa
listings in Step 5);

I. Start minicom
First use of the modam: From the command line, type
minicom -=. {Thea 8" swilch shows the configuration meamu,)
Subsequent uses: From the command line, type minicom. (The
-a' switch Is assumed.)

Tha minicom configuration details appear and the message QK
appears when the connection is established

++ Twlnel DO.0.00.00 o
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7. Display the firmware version:
. ATIGVER

ARE WL

8. Testthe LED—5Set the LED in blinking made using this command, then
visually verify that the LED turns off and on:
- ATILEDCTRL

9. Unlock the extended AT command sat;
- ATIENTERCND

10. Put the module in diagnostic/factory test mode:
- ATIDAFTMACT

11. Communicate with the SIM using +CPIN or +CIMI.
When performing RF tesls, use a test platlorm as described in Suggested
lesting equipment on page 81.

12. Test AF transmission, it desired:
+ (LTE)} To test the LTE transmission path, use a call box.

13. Test AF reception, if desired:
+ (CDMA) See Testing COMA RF Receive path on page 77.
- (LTE) See LTE RF receive path test on page 78.

14, Test standalone GPS funclionality—See GPS standalone connector fest on
page 80,
15. Drive W_DISABLE N low and confirm that the module powers down:
- Windows systems—The Sierra Wireless items under the Ports (COM &
LPT) entry in Device Manager disappear as the module powers off,
+ Linux systems—Enter the command Is /dev/tty/USE*. The devices

po oo e i e W T I e

e - Bl lem EdEomem E sl e Bl= e — a0
Bl aieud il oy o Wil NIVl dappeal ailal die ijaguie puweis Uil

Downloading and configuring minicom for Linux systems

Note: This procedure is for Ubuntu systems. If you are using a different Linux distribution,
use the appropriale commands for your system lo dewnload minicam.

Note: To install minicom,
you must have root
access, or be included in
the sudoers list

76

To downlead and configure minicom in-a Ubuntu system:

1. Download and install minicom—enter the following command:
sudo apt-get install minicom

2. When prompted. enter your user password to begin the download and instal-
lation. When minicom is installed, the shell prompt appears.

3. Configure minicom to communicate with your modem:
a. Start minicom with the following command:
minicom -s
4. Use the down-arrow key to select the Serial port setup option,

5. Refer to Step 5 on page 74 to identity the device file handle (/dev/ttyUSBn)
used for AT commands.

6. Indicale the file handle to use for AT commands—Enter A and then replace
the serial device string with the AT file handle (for example, /dev/ttyUSB4 as
shown in the example in Step 5 on page 74).

7. Press Enter twice,
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Nate: This procedure
describes steps using the
Agitent 8648C signal
generator—the Rohde &
Schwarz SMLO3 is shown
for reference only.

Note: This example setup
ises a 200 kHz offset from
band cenier for testing
using & continuous wave—
Vou can use any appro-
priate baseband freguency
offset (for example,

100 kHz, 300 kHz, elc.).

if using & modulated
signal set the frequency fo
band cenler with no offset.

Testing

8. Use the down-arrow kay to select Save setup as dfl.
9. Select Exit.

Testing CDMA RF Receive path

Note: This procedure segment is performed in Siep 13 of the Production test procedure on

page 74.

Press the Frequency button to set the frequency to 1960.200 MHz for PCS
band, Channel 800, or B81.720 MHz for Cellular band, Channel 384

Press the Ampiitude bution to set the amplitude to -55.0 dBm.

Press the RF ON/OFF button 1o enable or disable the RF port of the signal
generator.

2. Head back the power level from the main receiver:

a.
b.
c.

ATIENTERCND (Unlock the extended AT command set.)
ATIDAFTMACT (Enter test mode,)

ATICHAN=600,1 (PCS band, channel 600)
ar
ATICHAN=384,0 (Cellular band, channel 384)

d. ATIRX=1 (Turn on the main receiver.)

ATIRXAGC? (Read back the power level, in dBm, from the main receiver.)
Response examples:
RXAGC = OxFFFFFF33 = -77 dBm (Signal generator's RF port is
OFF)
RXAGC = 0x0021 = -60 dBm typical (Signal generator's RF port is
ON)
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Note: The dBm value displayed is caicufaled to reflect the power at the input connecior,

f. ATIRX2=1 (Turn on diversity receiver,)
g. ATIRX2AGC? (Read back the power level, in dBm., from the diversity

receiver.)

Response examples:

. RX2AGC = OxFFFFFF76 = -84 dBm (Signal generator’s RF port is
OFF)

i BRYAAR™ = (wEEEEEEMR = 20 Al huraral [ Rifanal nonaratnr'e BE
(TR & o LG () WAL E U N T Wil = Tl LI LY it | g S S IS ST 3 T

port is ON)
h. ATIRX=0 (Turn off main receiver.)
i. ATIRX2=0 (Turn off diversity receiver.)

3. Testlimits—Run ten or more good DUTSs through this test procedure to

obtain a nominal received power value,

- Apply a tolerance of 25 fo & dB to each measurement (assuming a good
setup design).

- Make sure the measurement is made at a high enough level that it is not
influenced by DUT-generated and ambient noise.

- The Signal Generator power level should be at least -50 dBm,

- Monitor these limits during mass-production ramp-up to determine if further

adjustments are needed.

Nole: The value measured by the DUT depends on the test setup and DUT design. Host
R cabiing loss, antenna efficiency and paftern, test antenna efficiency and paftern, and
choice of shield box all significantly influence the measurement.

Note: When doing the same test over the air in an RF charmber, values are Iikely lo be
significantly lower,

LTE RF receive path test

Note: This procedure segment is performed in Step 13 of the Produclion test procedure on
page 74.

Table C-1 contains parameters used in the suggested test procedure that follows,

Table C-1: Test settings—Receive path

Frequency® (MHz) | 753.0 7420 21345

LTE Band 36 37 42
Channel® 23230 23790 20175
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Note: This procedure
describes steps using the
Agllent 8648C signal
genemior—Ihe Rohde &
Schwarz SMLO3 is shown
for reference only.

a.
b

Testing

All values offset from actual center channel by +2 MHz
Channei values shown are at the center of the cormesponding bands.

To test the DUT's receive path (or diversity path, while connected to the diversity
antenna):

1. Set up the signal generator:

2.

.
b.

Set the amplitude to -70 dBm

Set the frequency for the band being tested. See Table C-1 for frequency
values.

Setup the DUT:

a.
=
o,

2.

d.

ATIENTERCND (Unlock extended AT command set.)

ATINMACTRIAAT (Dhd el s dedion Fmrdmrs s mn B emmmd e |
TR TIWRM | LT LI DRPGEST T DT Il Y RED DT ILRE. )

ATIDASBAND=<band> { Set frequency band.)

See Table C-1 on page 78 for <band> values
ATIDASCHAN=<channel> (Set modem channel)

See Table C-1 on page 78 for <channel> values

ATIDALGAVGAGC=<channel> 0 (Get averaged Fx AGC)
See Table C-1 on page 78 for <channel> values

Test limits—Fun ten or more good DUTs through this test procedure to

obtain a nominal received power value.

- Apply a tolerance of +5to 6 dB to each measurement (assuming a good
setup design).

+ Make sure the measurement is made al a high enough level that it is not

influenced by DUT-generated and ambient noise,

» The Signal Generator power level can be adjusted and new limits found if
the radiated test needs greater signal strength,

- Monitor these limits during mass-production ramp-up to determing if further
adjustments are needed.
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Note: The value measured from the DUT is significantly influenced by the lest setup and
DUT design (host RF cabling loss, anlenna efficiency and pattern, lest antenna efficiency
and pattern, and choice of shield bax).

GPS standalone connector test

GPS testing should be done on devices that support a dedicated GPS connector.

It the LTET750 supports a dedicated GPS connector/path (that is, not shared with
the diversity connector), then GPS testing may be done by characterizing some
known-good MC devices and checking for carrier to noise levels.

To test the GPS path:

1. Inject a carrier signal at -110dBm, frequency 1575.52 MHz into the GPS Rx
path. (Note that this is 100kHz higher than the actual GPS frequency.)

2. Test the signal carrier-to-noise level at the GPS receiver:

a. ATIENTERCND (Unlock extended AT command set.)

b. ATIDAFTMACT (Put modem into factory test mode.)

c. ATIDACGPSTESTMODE=1 (Start CGPS diagnostic task.)

d. ATIDACGPSSTANDALONE=1 (Enter standalone RF mode.)

e. ATIDACGPSMASKON (Enable log mask.)

f. ATIDACGPSCTON (Return signal-to-noise and frequency measurements.)
q.

Repeat ATIDACGPSCTON five 1o ten times lo ensure the measuremants
are repeatable and siable.

3. Leave lhe RF conneclion to the Mini Card device intact, and turn off the
signal generalor.

4. Take several more |DACGPSCTON readings. This will demonstrate a ‘bad'
signal in order to set limits for testing, if needed. This frequency offset should
fall outside of the guidelines in the note below. which indicates that the CtoN
result is invalia.

5. (Optional) Turn the signal generalor on again, and reduce the level fo -
120dBm. Take more IDACGPSCTON readings and use these as a relerence
for what a marginal/poor signal would be.

Note: The response to ATIDACGPSCTON for a good connection should show CloN within
58 +~ 5dB and Freg (frequency offset) within 100000 Hz +~ 5000 Hz .

Note: QA is an ongoing
procass based on random
samples from a finished
batch of devices

Quality assurance testing

The guality assurance tests that you perform on your finished products should be
designed to verify the performance and quality of your davices.

The following are some testing suggestions that can confirm that the antenna is
interfaced properly, and that the RF module is calibrated and performs to
specifications:

«  Module registration on cellular netwarks
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» Power consumption

« Originate and tarminate data and voice (if applicable) calls

* Cell hand-off
« Transmitier and receiver tests
= FER (Frame Error Rate) as an indicator of receiver sensitivity/performance

¢ Channel and average power measuraments to verify that the device is trans-
mitting within product specifications
= HF sensitivity tests

S Fatlel W ON
- L LHVIA

- FER testing—Test receiver sensitivity for conditions of minimum cell power.
FEHR can be measurad for the specified receiver sensitivity of -104 dBm.
The objective of this test is to determine if the FER measured is within the
acceptable limits for the specified receiver sensitivity of the madule. Unlike
the FEHR tests performed during production testing, this test determines the
receiver performance without the influence of the noise factor (AWGN), but
with extremely low cell power. The reported FER and the confidence level

el e <100 ame o OO rasmastinisble fae s teet ba s seseidaressd s naes
LD S S0 70 QI 23J /0 ITHTLIVEy il uic 1TD1 I T L 2o ol a praaa,

Suggested testing equipment

To perform praduction and post-production tests, you will require appropriate
testing equipment. A test computer can be used to coordinate testing between the
integrated module (on the development kit or host) and the measurament
equipment, usually with GPIB connections. The suggested setup includes a
power meter 1o test HF output power and a signal generalor o evaluate the
receiver.

Testing assistance provided by Sierra
Wireless

Extended AT commands have been implemeantad to assist with parforming FTA
GCF tests and portions of CE Mark tests requiring radio module access. These
are documented in the [2] AirCard/AirPrime UMTS Devices Supported AT
Command Reference (Doc# 2130617) and [3] AirPrime MC8xxx Embedded
Modules Extended AT Command Reference (Doc# 2130616,

Sierra Wireless offers optional professional services based assistance to OEMs
with requlatory approvals.

I0OT/Operator testing

Interoperability and Operator/Carrier testing of the finished system is the
respansibility of the OEM. The test process will be determined with the chosen
network operator(s) and will be dependent upon your business relationship with
them, as well as the product's application and sales channel strategy.

Sierra Wireless offers assistance to OEMs with the testing process, if required.
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Extended AT commands for testing

Sierra Wireless provides proprietary AT commands that may help in hardware

integration design and testing (these commands are NOT intended for use by end

users):

«  [3] AirPrime MC8xxx Embedded Modules Extended AT Command Reference
(Doc# 2130616)

«  [2] AirCard/AirPrime UMTS Devices Supported AT Command Reference
(Doc# 2130617)

Some useful commands from these documents for use in hardware infagration
are listed in Table C-2 on page 82.

Table C-2: Extended AT commands

Password commands

IENTERCHND Enable access to password-protected commands

ISETCND Set AT command password

Modem reset and status commands

!GRESET Reset the modem

IGSTATUS Return the operation status of the modem (mode, band,
channel, and so on)

Diagnostic commands

'BAND Select a set of frequency bands or reports current selection

IGBAND Read/set the current operating band

Test commands

IALLUP Turn transmitter on/off and simulate 'All UPs’

ICHAN Tune synthesizer to channel/band

'DAFTMACT Put the modem into FTM (Factory Test Made)

'DAFTMDEACT Put the modern into online mode

'DAGGRSSI Return the RSS! (Received Signal Strength Indicator) in
dBm (GSM mode)

'DAGGAVGRSS! Return an averaged RSS! (Received Signal Strength
Indicator) in dBm (GSM mode)

'DAGGRSSIRAW Return the raw RSS! (GSM mode)

!DAGINFO Return GSM mode RF information

'DAGSLOCK Return the RF synthesizer lock state

!DAGSRXBURST Set the GSM receiver to burst mode

'DAGSRXCONT Set the GSM receiver continually on
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Table C-2: Extended AT commands {Continued)

!DAGSTXBURST Set the GSM transmitter to burst mode

!DAGSTXFRAME Set the GSM Tx frame structure

IDALGAVGAGC Return averaged Rx AGC value (LTE)

!DALGRXAGC Return Rx AGC value (LTE)

IDALGTXAGC Return Ty AGC value and transmitter parameters (LTE)

!DAOFFLINE Place modem offliine

IDASBAND Setthe frequency band (UMTS/GSM)

IDASCHAN Set the modem channel (frequency) (UMTS/IGSM)

'DASLNAGAIN Setthe LNA (Low Noise Amplifier) gain state

'DASPDM Setthe PDM (Pulse Duration Modulation) value

IDASTXOFF Turn off the Tx PA (Power Amplifier)

IDASTXON Turn on the Tx PA (Power Amplifier)

'DAWGAVGAGC Return averaged RX AGC value (WCDMA)

IDAWGRXAGC Return the Rx AGC (Automatic Gain Control) value (LUMTS)

DAWINFO Return WCDMA mode RF information

!DAWSCONFIGRX Set the UMTS receiver to factory calibration settings

!DAWSPARANGE Set the PA range state machine (UMTS)

IDAWSCHAINTCM Place receive chain in test call mode (WCDMA)

IDAWSSCHAIN Enable secondary receive chain (WCDMA)

'DAWSTXCW Set the waveform used by the transmitter (UMTS)

IDAWSTXPWR Set desired Tx power level (WCDMA)

IIMSTESTMODE Enable/disable IMS test mode

IKEYOFF Key off the transmitter

!KEYON Key on the transmitter

OSDsSM Display memory usage for DSM (Distributed Shared
Memaory) buffer pocls

$QCAGC Read Rx AGC (COMAMNVCDMA)

RX2 Turn second receiver onfoff

IRX2AGC Read second receiver Rx AGC

!RXAGC Read first receiver Rx AGC
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Table C-2: Extended AT commands (Continued)

Command Description
ITX Turn transmitter on/off
ITXAGC Set desired Tx AGC
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D: Packaging

Sierra Wiradess AirPrime Minl Cards are shipped in sealed boxes.
The standard packaging isee Figure 4-1), contans a singie iray wih
a capadty of 100 modules. (Note that some SKLUs may have custom
packaging —contact Sierra Wireless for SKU-specific details.)

In the standard packaging, Mind Cards are inserted, system
connector first, into the bottom portion (T1) of a two-part tray. all
facing the same direction, This allows the lop edge of each Minl Card
to contact he top of the irangular features in the top portion (T2) of
the tray (see Detall A).

The top and bottom portions of the tray snap together at the four
connecion points.

Frgurr -1 Divics plecwmant 0 Mot iy

The tray is placed in a manutacturing bes (T2 af the top), sealed with
a secunty tape (P1), and a manufacturing label is placed on the
bottom-right comer, above the securnity tape, (See Figure 4-2.)

Fguar 4-2 Shppwg pocikage
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This guide deals specifically with hardware integration issues thal are -
unigue o AirPrime embedded modules.

Web site support

Far additional documeants describing embedded module desian,
usage, and integration issues (AT command references, integration
guides, etc.), visil www.sierrawireless.com/minicard. To cblain access
permission, contact your Sierra Wireless account representative.

Sierra Wireless documents

The following Sierra Wireless documents are available from
www.slerrawiraless.com.

Command documents

[1] AT Command Set for User Equipment (UE) (Release 8)
(Doc# 3GPP TS 27.007)

[2] AirCard/AirPrime UMTS Devices Supported AT Command
Reference (Doc#k 2130617)

[3] AirPrime MC8xxx Embedded Medules Extended AT Command
Heference (Doc# 2130616)

Other Sierra documents

[4] PCI Express Mini Card Dev Kit Quick Start Guide
{Doc# 2130705)

[5] AirCard/AirPrime USBE Driver Developer's Guide (Doc# 2130634)

Industry/other documents

The following non-Sierra Wireless references are not included in your
documentation package:

[6] COMA 1x Standard {(CDMA 200 Series Release A {2000))
(Doc# TIAEIA/NS-2000 Series, Release A)

[7] FCC Regulations - Part 15 - Radio Frequency Devices
[8] IEC-61000-4-2 level 3
[9] IEC-61000-4-2 level (Electrostatic Discharge Immunity Test)

[10]Maobile Station (MS) Conformance Specification; Part 4.
Subscriber Interface Module (Doc# 3GPP TS 11.10-4)
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[11] PCI Express Mini Card Electromechanical Specification Revision 1.2

- P -y

[12] Universai Seriai Bus Specification, Rev 2.0
[13] JESDZ22-A114-B
[14] JESD22-C101
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1xEV-DO

Single Carrier (1X) EVolution — Data Only. A high-speed standard for cellular

packet data communications.
Supports Internet connections with data rates up to 3.1 Mbps {dmmlinkfmm the

moahaemeld memel 4 O Kdbons ismlimbe b bnm mombasmels’  Ssemrmomm of mbes smbre mems ros o b o
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Rev. A: 600 1300 kbps (downlink from the network) and 300 400 kbps (uplink to
the network), for Rev. 00 400 700 kbps (downlink from the network) and 40 80
kbps (uplink to the network). Actual speed depends on the netwerk conditions
Compare to 1X.

F-Eé'u' 4 Sep.11

1X Single Carrier (1X) Radio Transmission Technology. A high-speed standard for
cellular packet data communications.
Supports Internet connections with data rates up to 152 kbps (simultaneously in
each direction—downlink and uplink). Actual speed depends on the network
conditions. Compare o 12EV-D0.

3GPP 3rd Generation Partnership Project

8PSK Octagonal Phase Shift Keying

AGC Automatic Gain Control

API Application Programming Interface

BER Bit Error Rate—A measure of receive sensitivity

BLER Block Error Rate

bluetooth Wireless protocol for data exchange over short distances

CAIT COMA Air Interface Tool

CcDG CDMA Development Group—a consortium of companies that develop and
promoate the products and services for COMA wireless systems.

CDMA Code Division Multiple Access,
A wideband spread spectrum technique used in digital cellular, personal
communications services, and other wireless networks, Wide channels (1.25
MHz) are obtained through spread spectrum transmissions, thus allowing many
active users to share the same channel. Each user is assigned a unique digital
code, which differentiates the individual conversations on the same channel,

cal Channel Quality Indication

com Communication port

cs Circuit-switched

CSA Canadian Standards Association

cw Continuous waveform
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Table F-1: Acronyms and definitions (Continued)

dB Decibel = 10 x logyg (P1/P2)
P1 is calculated power, P2 is reference power

Decibel = 20 x logyg (V1/V2)
V1 is calcuwlated voltage, V2 is reference volfage

dBm A logarithmic (base 10) measure of relative power (dB for decibels), relative to
milliwatts (m). A dBm value will be 20 units (1000 times) larger (less negative)
than a dBW vaiue, because of the difference in scaie (miliwatis vs. watis)

DCs Digital Cellular System
A cellular communication infrastructure that uses the 1.8 GHz radio spectrum,

DL Downlink (network to mobile)

DRX Discontinuous Reception

DsSM Distributed Shared Memary

puT Device Under Test

EDGE Enhanced Data rates for GSM Evolution

eHRPD Evolved High Rate Packet Data—Enhances traditional 1xEV-DO to enable LTE
to COMA handover.

EIRP Effective (or Equivalent) Isotropic Radiated Power

EMC Electromagnetic Compatibiiity

EMI Electromagnetic Interference

ERP Effective Radiated Power

ESD Electrostatic Discharge

FCC Federal Communications Commission

The U.S. federal agency that is responsible for interstate and foreign
communications. The FCC regulates commercial and private radio spectrum
management. sets rates for communications semvices, determines standards for
equipment, and controls broadcast licensing. Consult wwwi fcc.gov.

FDMA Frequency Division Multiple Access
FER Frame Error Rate—A measure of receive sensitivity.
firmware Software stored in ROM or EEPROM, essential programs that remain even when

the system is turned off. Firmware is easier to change than hardware but more
permanent than software stored on disk.

FOTA Firmware Over The Air—Technology used to download firmware upgrades
directly from the service pravider, over the air.

FOV Field Of View

FSN Factory Serial Number—A unigue serial number assigned to the mini card dunng
manufacturing.

GCF Global Certification Forum
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Acronyms

Table F-1: Acronyms and definitions (Continued)

GLONASS

Global Mavigation Satellite System

GMSK Gaussian Minimum Shift Keying modulation

GND Ground

GPRS General Packet Radio Service

GPS Global Positioning System
A system that uses a series of 24 geosynchronous satellites to provide
navigational data.

GSM Global System for Mobile Communications

Host The device into which an embedded module is integrated

Hz Hertz = 1 cycle/second

Ic Industry Canada

IF Intermediate Frequency

IMEI International Mobile Equipment |dentity

IMS IP Multimedia Subsystem—Architectural framewark for delivering IP multimedia

services. (LTET 750 supports MO/MT SMS over IMS for LTE/eHRFD.)

inrush current

Peak current drawn when a device is connected or powered on

inter-RAT Radio Access Technology

10T Interoperability Testing

1S interim Standard,
After receiving industry consensus, the TIA forwards the standard to ANSI for
approval.

1S-2000 3G radio standards for voice and data (CDMA only)

15-95 2G radio standards targeted for voice (cdmaONE)

LED Light Emitting Diode.
A semiconductor diode that emits visible or infrared lightt

LHCP Left-Hand Circular Polarized

LMNA Low Moise Amplifier

LPM Low Power Mode

LPT Line Print Terminal

LTE Long Term Evolution—a high-performance air interface for cellular mobile
communication systems.

MCS Modulation and Coding Scheme

MHz Megahertz = 10e6 Hz

Rev 4 Sep 11
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Table F-1: Acronyms and definitions (Continued)

MEID Mobile Equipment Identifier—The unigue second-generation sarnal number

assigned to the minicard for use on the wireless network,

MIMO Multiple Input Multiple Output—wireless antenna technology that uses multiple
antennas at both transmitter and receiver side. This improves performance

NAS/AS MNetwork Access Server

NC Mo Connect

NDIS Metwork Driver Interface SpecificationSpecification—a programming interface
specification for connecting network interface cards in Windows.

NIC Network Interface Card

NMEA Mational Manne Electronics Association

OEM Criginal Equipment Manufacturer—a company that manufactures a product and
selis it to a reseller.

OFDMA Orthogonal Frequency Division Multiple Access

oMA DM Cpen Mobile Alliance Device Management—A device management protocol.

OTA ‘Owver the air’ (or radiated through the antenna)

PA Pawer Amplifier

packet A short, fixed-length block of data, including a header, that is transmitted as a unit
in @ communications network.

PCB Printed Circuit Board

PCsS Personal Communication System
A cellular communication infrastructure that uses the 1.9 GHz radio spectrum

PDN Packet Data Metwork

PMI Pre-coding Matrix Index

PSS Primary synchronisation signal

PST Product Support Tools

PTCRB PCS Type Certification Review Board

QAM Quadrature Ampltude Modulation.

This form of modulation uses amplitude, frequency, and phase to transfer data on
the carrier wave.

ami Qualcomm MSM/Modem Interface
Qos Quality of Service

QPSK Quadrature Phase-Shift Keying
QPST Qualcomm Product Support Tools
RAT Radio Access Technology
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Acronyms

Table F-1: Acronyms and definitions (Continued)

RF Radio Frequency

RI Ring Indicator

roaming A cellular subscriber is in an area where service is obtained from a cellular service
provider that is not the subscriber's provider.

RSE Radiated Spurious Emissions

RSSI Received Signal Strength Indication

SDK Software Development Kit

SED Smart Error Detection

Sensitivity Measure of lowest power signal that the receiver can measure.

(Audio)

Sensitivity (RF) | Measure of lowest power signal at the receiver input that can provide a prescribed
BER/BLER/SNR value atthe receiver output

sie System |nformation Block

siM Subscriber ldentity Module. Also referred to as USIM or UICC.

SIMO Single Input Multiple Output—smart antenna technology that uses a single
antenna at the transmitter side and multiple antennas at the receiver side, This
improves performance and security.

SIS0 Single Input Single Output—antenna technology that uses a single antenna at
both the transmitter side and the receiver side.

SKU Stock Keeping Unit—identifies an inventory itermn: a unique code, consisting of
numbers or letters and numbers, assigned to a product by a retailer for purposes
of identification and inventory control.

sSMs Short Message Service.

A feature that allows users of a wireless device on a wireless network to receive
or transmit short electronic alphanumeric messages (up to 160 characters,
depending on the service provider),

SIN Signal-to-noise (ratio)

SNR Signal-to-MNoise Ratio

SOF Start of Frame— A USE function.

58S Secondary synchronisation signal.

SUPL Secure Liser Plane Location

TIA/EIA Telecommunications Industry Association / Electronics Industry Association.
A standards setting trade organization, whose members provide communications
and information technology products, systems, distribution services and
professional services in the United States and around the world. Consult
wwaw tiaonline.arg

TIS Total |sotropic Sensitivity
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Table F-1: Acronyms and definitions (Continued)

| TRP Tntal Radiated Power
UDK Universal Development Kit (for PC| Express Mini Cards)
UE User Equipment
uicc Liniversal Integrated Circuit Card (Also referred to as a SIM card.)
uL Uplink {mobile to network)
uL Underwriters Laboratory
UMTS Universal Mobile Telecommunications System
use Universal Serial Bus
usim Linwersal Subscriber Identity Module (UMTS)
vCccC Supply voltage (3.3 V)
VSWR Voltage Standing Wave Ratio
WAN Wide Area Metwork
WCDMA Wideband Code Division Multiple Access (also referred to as UMTS)
WLAN Wireless Local Area Network
ZIF Zero Insertion Force
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Index

Numerics

X

ovarview, 20
1xEV-DO

ovanview, 18
30D gain, average

gain

3D average (GPS), 67

IGPP compliance

LTE, 21

A

acceptance tests, 71
accassones, 17
accuracy (GPS), 43
acquisition ime (GPS), 43
acronyms and definitions, 89—94
antenna
connaction considerations, 37
connectors, 23
custom, design, 38
diversity antenna, disabling, 38
GPS, specifications, mcommendsd, 67
limit, matching coaxial connections, 37
location. considerations. 38
matching, considerations, 38
maximum cable loss, 37
routing, 38
specification, 65— 68
spacifications; recommeanded, 65
testing, 67
antennas
design checklist, 69
application interface features, 15
approvals, regulatory and industry, 59
AT commands, B2

avaraged call mode LTE { WCDMA / HSPA / HSPA+ DC

power consumption, 46
averaged standby DC power consumption, 45

B

bands supponad, RF
summary, 15
CDMmA, 42
LTE, 42
bearers, dedicated, 16
block diagram
expanded RF, 25
gystam, 24
bottom view, 54

c

cable loss

antanna, maximum, 37
CAIT support, 51
capacitors

with SIM, 32

windls Wik DATA FWIRD & W 2
LR T B SR I S S P

carferioperator testing, 81
COMA

bands supported, 15
ovarview, 19
frequency band support, 42
TIA/EIA /IS compliance, 21
call selection, 16
certification tests, 72
checkiist, design, o
communications, host to modem
design checklist, 70
conducted Tx powsr tolerances, 43
connaction
grounding, 39
connectors, 37
connectons, required
host-module, 18
control interfacs, 33
GOl 18

D

D power consumption

averaged call mods LTE / WCDMA /[ HSPA /

HSPA+, 46
averaged standby, 45
CDMA, 46
desense. See RF
design checklist
antennas, &9
compongnt placement, 69
EMI/ESD, &0
hostmodem communications, 70
power, 69
themal, 70
detach procedure, 16
Devalopment Kit contants, 17
digital Interfaca, 35
dimansionad view, B4
dimensions, 53, 54
Direct IP interace, 51
divarsity antenna
disabling, 38
diversity connector, location, 37
drop spadficaions, 53
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EDGE

connector, required, 18
electnical specifications, 23
electrostatic discharge specifications, 53
electrostatic dischamge. See ESD
amvilope conmelation cosfficient, 66
smdronmental specifications, 53— 55
ESD

design checklist, 68

protection reguirements, 55
ESD specifications, 53
EVDO

overview, 19
expanded AF bleck diagram, 25

F

FCC approval, 59
FER (Frame Error Rate), 41
fiald of view, B7
filtering, RF desense, 40
form factor, 53
FOV, 67
frame arror rate (FER)
measure of sanaltivity, 41
fres space average gain, &7
frequencies suppored, 41
frequency band suppont
CDMA, 42
LTE, 42

G

gain
GFPS, 67
maximum, 60, 66
maan effective, 66
maan afective imbalance, 66
GCF-CC approval, 59
General purpese 10 (GPIO), 35
GLONASS, 17
GPIO (General purpose 10), 35
GPS
antenna spacifications, recommendsd, &7
connector location, 37
DC bias on connector, 17
features supporad, 17
specifications, 43
ground spedifications. 20
grounding
connection considerations, 39

hest interface
pin assignments, 25

humidity spacifications, 53

|0 connector location, 37
[/O nisa tima requirements, 32
impedance
module—antenna, 38
SIM, 32
industry approvals, 59
Industry Canada approval, 59
iniegraion requirements, 18
interface
contral interface, 33
digital interface, 35
Direct IP, 51
feature summary, 15
host, pin assignments, 25
aml, 51
SiM, 30
software, 51
USB, 29
interferance
device generated, 40
host-generated, 40
power supply noise, 50
wirgless devices, 30
Intercperability testing, &1
intra-LTE mobiiity, 16
0T testing, 81
IRAT, 18
|S-854
ovaniaw, 20
isclation, 66, 67

L

labeling, 55
LED
example, 34
glates, 34
LED output, 23, 33, 34
LTE
AGPP compliance, 21
overview, 19
bands supported, 15
bandwidth support, 42
features, 16
frequency band support, 42

mean affective gain, &6

mean effective gain imbalance, 66
machanical specifications, 53-55
MIB, 16

MIMO support, 15

95 Proprietary and Confidential - Contents subject to change

2400074



minjcom

downloading and installing, 76
module

power states, 47= 49

NAS/AS security, 18
NDIS NIC interface support, 15
NIC interface support, 15
noise
igakage. minimizng, 35
AF interferance, power supply, 50

o

OEM
assistance with testing, 81
labeling, 55
operatoricamer testing, 81
ordering information, 18

P

packaging, B5
packet mode features, 16
paging procedures, 16
PCEBE
multi-layar, shislding for RF desense, 40
PON connections, multipls, 16
pin assignments, host imerface, 25
PMI, 168
polarization, 67
position location, 17
power
design checklist, 69
handling, 66
power-up timing, 48
ramg-up timing, 42
state machinas, 48
gtates, module, 47-40
supply. AF interference, 50
supply, npple limit, 50
power consumption, DC
averaged call mode LTE / WCDMA / HSPA /HSPA+, 48
avaraged standby, 45
COMA, 46
power specifications, 28
power tolerances, conducted Tx, 43
Product Support Tool, QUALCOMM (QPST), 51
Product Support Tool, Sierma Wirsless (PST), 51
production tests, 73
P55, 16
PST (Product Support Tool, Sisrra Wirsless), 51
PTCRE approval, 59
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Index

Q

QMI Interace, 51

QPST (QUALCOMM Product Support Tool), 51
QUALCOMM Product Suppon Tool (QPST), 51
quality assurance tests, B0

QXDM support, 51

R

radiated effidency, total, 65
radiated sensitivity measuremant, 41
radiated spurious emissions, 40
radiation pattems, 65
references, 87- BB
reguiatory approvals, 58
regulatary infamation, 59-63
FCC, 60
limitation of Hability, 59
safety and hazards, 58
resistors, external pull-up, 32
RF
antanna cable loss, maximum, 37
antsnna connection, considsrations, 37
conneclors, required, 18
desense
daevice-genemted, 40
harmmonic anargy, filtaring, 40
mitigation suggestions. 40
ghielding suggestions, 40
interferance
other devices, 40
power supply, 50
wirsless devices, 30
AF bands supparted
summary, 15
CDMA, 42
LTE. 42
AF block diagram, expandad, 25
AF connector location, 37
RF specifications, 37-44
Al, 18
RSE, 40
Rx sensitivity
conductad, 42

S

sales
ordaring, 18

SED
gae Sman Emror Detaction

See also W _DISABLE N, 33

sensitivity
conducted, RF parameter, 42
defined, 41
radiated measurement, cvendew, 41
testing, ovenview, 41
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shislding

meduls, compliance, 37
reducing RF desenss, 40

shock specifications, 53

slB,

16

signals, 33

SiM

WLAN _LED N, 24

capacitor recommendations, 32
card contacts, 31

clock rate, 32

connector, required, 18
electical specifications, 32
impedance, connactors, 32
interface, 30

interface diagram, 31
cperation, 32

Sman Error Detaction

datecting moduls resel, 50

SMS featuras, 18

Snow IGAES securty, 16
sottware Interdace, 51
specifications

aelactrical, 23

anvironmental specifications, 53- 55

GPS, 43
mechanical, 53-55
RF, 37-44

888, 16
standalona mode, GPS, 17

standby DC power consumption, averaged, 45

atata ashinas A0
So

oF U b § BT et 11 Tl

suppon

features, 17

testing assistance by Siema Wireless, 81

tools, 51

system acquisition, 16
system block diagram, 24

T

temperature spacifications, 53
temperturs, moduls, Sea thamal
festing

ovenview, 71
acceplance tests, 71

assistance provided by Siarra Wiraless, 81

cerification tests, 72
equipment, suggested, 81

interoperabiity and operator/carmier testing, 81
manual functional test, suggested, 73

production tests, 73

quality assurance tests, 80
RF receive path, COMA, 77
RF receive path, LTE, 78
suggestions, 71-84

themal
considarations, 56— 57
design chacklist, 70

dissipation, factors affecting, 56
dissipation, suggestions, 56
AF shield temperature, maximum, 57

testing, module, 57
TIA/EIANS compliance
CDOMA, 21
fiming
power ramp-up, 49
power-up, 49
top view, 54

Tx power tolarances, conductad, 43

u

UDK, 17
Universal Development Kit, 17
usBe
drivers, user-developed, 30
snumsration, powsr-up, 49

high / full speed throughput performance, 28

imterface, 29

Vv

vibration specifications, 53
VEWR, 65, 67

W

W_DISABLE_N, 33

wamanty, 17

Wireless Disable, 23, 33
Wireless Disable (Main RF), 33
WLAN_LED N, 233, 34

WMC DLL support, 16

Z

ZIF (Zero Intarmeadiate Frequency), 39
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