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Abstract

This report has been prepared on behalf of Axiometric, LLC to support the attached Application
for Equipment Authorization. The test report and application are submitted for a Frequency
Hopping Spread Spectrum Transmitter under Part 15.247 (9/2007) of the FCC Rules and
Regulations and Spectrum Management and Telecommunications Policy RSS-210 of Industry
Canada. This Certification Test Report documents the test configuration and test results for a
Axiometric, LLC Mesh Stamp.

Testing was performed on an Open Area Test Site (OATS) of Washington Laboratories, Ltd,
7560 Lindbergh Drive, Gaithersburg, MD 20879. Site description and site attenuation data have
been placed on file with the FCC's Sampling and Measurements Branch at the FCC laboratory in
Columbia, MD. The Industry Canada OATS numbers are 3035A-1 and 3035A-2 for Washington
Laboratories, Ltd. Site 1 and Site 2, respectively. Washington Laboratories, Ltd. has been
accepted by the FCC and approved by the American Association for Laboratory Accreditation
(A2LA) under Certificate 2675.01 as an independent FCC test laboratory.

The Axiometric, LLC Mesh Stamp complies with the limits for a Frequency Hopping Spread
Spectrum Transmitter device under FCC Part 15.247 and Industry Canada RSS-210.
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1 Introduction

1.1 Compliance Statement

The Axiometric, LLC Mesh Stamp FHSS Module complies with the limits for a Frequency Hopping
Spread Spectrum Transmitter device under FCC Part 15.247 and Industry Canada RSS-210.

1.2 Test Scope

Tests for radiated and conducted (at antenna terminal) emissions were performed. All measurements
were performed in accordance with FCC Public Notice DA 00-705. The measurement equipment
conforms to ANSI C63.2 Specifications for Electromagnetic Noise and Field Strength Instrumentation.

1.3 Contract Information

Customer: Axiometric, LLC
10718 Vista Road
Columbia, MD 21044
Quotation Number: 64410

1.4 Test Dates
Testing was performed on the following date(s): ~ 08/18/2008 to 08/21/2008

1.5 Test and Support Personnel
Washington Laboratories, LTD James Ritter
Client Representative Frank Moody

WLL Report #10532-01 - Page 1 of 68 - © 2008 Washington Laboratories, Ltd.
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1.6 Abbreviations

A Ampere
ac alternating current
AM Amplitude Modulation
Amps Amperes
b/s bits per second
BW BandWidth
CE Conducted Emission
cm centimeter
CW Continuous Wave
dB deciBel
dc direct current
EMI Electromagnetic Interference
EUT Equipment Under Test
FM Frequency Modulation
G giga - prefix for 10° multiplier
Hz Hertz
IF Intermediate Frequency
k kilo - prefix for 10° multiplier
LISN Line Impedance Stabilization Network
M Mega - prefix for 10° multiplier
m meter
S micro - prefix for 10° multiplier
NB Narrowband
QP Quasi-Peak
RE Radiated Emissions
RF Radio Frequency
rms root-mean-square
SN Serial Number
S/IA Spectrum Analyzer
\ Volt

WLL Report #10532-01 - Page 2 of 68 -
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2 Equipment Under Test

2.1 EUT Ildentification & Description

The Axiometric, LLC Mesh Stamp Module is a small (30mm x 44mm) module with components on the
top side and the AX_RFM_250 transceiver module on the bottom. The pads along the long edges may
be populated with 0.100 pin-headers to allow the module to be plugged into devices with appropriate
sockets. The module may be plugged directly into a third-party product and connected to an approved
antenna (approved type modular approval grant) to enable the product to participate in an Axiometric
wireless mesh network. The module specifically includes:

. AX_RFM_250 transceiver module
(Axiometric has developed an RF transceiver module (AX_RFM_250) that is used in all
Axiometric mesh products and contains all of the RF circuitry excluding the antenna
system and power supply)

. ARMY7 micro-controller
. 3.3vdc linear voltage regulator (regulates power to transceiver)
. Reverse SMA antenna connector
Table 1: Device Summary
ITEM DESCRIPTION
Manufacturer: Axiometric LLC
FCC ID Number VE4-MM8
IC ID Number TBD
EUT Name: Mesh Stamp RF Module
Model: Mesh Stamp
FCC Rule Parts: 15.247
Frequency Range: 902.5-927MHz
Maximum Output Power: 233mW (23.66dBm)
Modulation: FHSS FSK

20dB Bandwidth:

180.86 kHz for mesh mode, 329.12 kHz for drive-by mode

Maximum Transmit Spurious
Emission

5415.00 MHz @ 369.5 uV/m (3m) Margin= -2.6dB (limit=500u\//m)

Maximum Receiver Spurious
Emission

408.53MHz @ 24.6 uV/m (3m) Margin=-18.2dB (limit=200uV/m)

Keying: Automatic

Type of Information: Data

Number of Channels: 50

Power Output Level Fixed

Antenna Type Tested with a 5.5dBi whip antenna

Interface : 24pins for data, 2 pins for DC power, 6 pin maintenance port, RF reverse SMA RF port
Power Source & Voltage: 3.6-6VDC

Manufacturer: Axiometric LLC

WLL Report #10532-01

- Page 3 of 68 - © 2008 Washington Laboratories, Ltd.
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2.2 Test Configuration

The Mesh Stamp module was tested as a stand-alone device with 5VDC power provided directly to the
EUT from a 120VAC to 5 VDC PRS ac/DC adaptor. The EUT was connected to a support laptop for RF
control via RS-232 maintenance port connection to a 6 pin header. The RF radiated tests were
performed with a 5.5dBi whip antenna connected to the EUT.

2.3 Testing Algorithm

The Mesh Stamp was programmed via a 6 pin maintenance port on the EUT to a RS232 port on the
support laptop. The support laptop used HyperTerminal to command the EUT to transmit on the lowest,
center, and highest channels. Commands were also sent to allow the unit to transmit in a hopping
fashion. The unit was preloaded with a typical data payload to transmit.

Worst case emission levels are provided in the test results data.

2.4 Test Location

All measurements herein were performed at Washington Laboratories, Ltd. test center in Gaithersburg,
MD. Site description and site attenuation data have been placed on file with the FCC's Sampling and
Measurements Branch at the FCC laboratory in Columbia, MD. The Industry Canada OATS numbers
are 3035A-1 and 3035A-2 for Washington Laboratories, Ltd. Site 1 and Site 2, respectively. Washington
Laboratories, Ltd. has been accepted by the FCC and approved by the American Association for
Laboratory Accreditation (A2LA) under Certificate 2675.01 as an independent FCC test laboratory.

2.5 Measurements
2.5.1 References

FCC Public Notice DA 00-705, Filing and Measurement Guidelines for Frequency Hopping Spread
Spectrum Systems

ANSI C63.2 Specifications for Electromagnetic Noise and Field Strength Instrumentation
2.5.2 Measurement Uncertainty

All results reported herein relate only to the equipment tested. For the purposes of the measurements
performed by Washington Laboratories, the measurement uncertainty is +2.3 dB. This has been
calculated for a worst-case situation (radiated emissions measurements performed on an open area test
site).

The following measurement uncertainty calculation is provided:
Total Uncertainty = (A2 + B2+ C?)"?/(n-1)
where:
A = Antenna calibration uncertainty, in dB = 2 dB
B = Spectrum Analyzer uncertainty, in dB =1 dB
C = Site uncertainty, in dB =4 dB
n = number of factors in uncertainty calculation = 3
Thus, Total Uncertainty = 0.5 (2% + 12 + 4%)*?= +4.55 dB.

WLL Report #10532-01 - Page 4 of 68 - © 2008 Washington Laboratories, Ltd.
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3 Test Equipment
Table 2 shows a list of the test equipment used for measurements along with the calibration information.

Table 2: Test Equipment List

Equipment List- Conducted Antenna Port Tests

Test Name: Radiated Emissions Test Date:  08/21/2008
Asset # Manufacturer/Model Description Cal. Due
00528 AGILENT, E4446A ANALYZER, SPECTRUM 02/15/2009
00474 HP, 8563E ANALYZER, SPECTRUM 09/07/2008
00640 MEGAPHASE, TM40-K1K5-36 1G-40GHZ RIGHT ANGLE 09/11/2008
Equipment List- Radiated Emissions Tests
Test Name: Radiated Emissions Test Date:  08/18/2008
Asset # Manufacturer/Model Description Cal. Due
00069 HP, 85650A ADAPTER, QP 07/09/2009
00071 HP, 85685A PRESELECTOR, RF 07/09/2009
00073 HP, 8568B ANALYZER, SPECTRUM 07/08/2009
00004 ARA, DRG-118/A ANTENNA, DRG, 1-18GHZ 02/02/2009
00644 SUNOL SCIENCE JB1 BICONALOG ANTENNA 11/27/2009
00066 HP, 84498 PRE-AMPLIFIER, RF. 1-26.5GHZ 07/15/2009
00474 HP, 8563E ANALYZER, SPECTRUM 09/07/2008
00281 ITC, 21A-3A1 WAVEGUIDE 4.51-10.0GHZ 02/19/2010
00337 WLL, 1.2-5GHZ FILTER, BAND PASS 02/19/2010
Equipment List- Conducted AC powerline Emissions Tests
Test Name: Conducted Emissions Voltage Test Date:  08/21/2008
Asset # Manufacturer/Model Description Cal. Due
00125 SOLAR, 8028-50-TS-24-BNC LISN 01/30/2009
00126 SOLAR, 8028-50-TS-24-BNC LISN 01/30/2009
00068 HP, 85650A ADAPTER, QP 07/07/2009
00072 HP, 8568B ANALYZER, SPECTRUM 07/03/2009
00070 HP, 85685A PRESELECTOR, RF W/OPT 8ZE 07/07/2009
00053 HP, 11947A LIMITER, TRANSIENT 04/09/2009

WLL Report #10532-01
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4 Test Summary

The Table Below shows the results of testing for compliance with a Digital Transmission System in
accordance with FCC Part 15.247:2007 and RSS210e issue 7. Full results are shown in section 5.

Table 3: Test Summary Table

TX Test Summary
(Frequency Hopping Spread Spectrum)

FCC Rule Part IC Rule Part Description Result
15.247 (a)(1)(iii) RSS-210 [A8. 1] 20dB Bandwidth Pass
15.247 (b)(1) RSS-210 [A8.4 (2)] Transmit Output Power Pass
15.247 (a)(1) RSS-210 [A8.1 (2)] Channel Separation Pass
15.247 (a)(1)(iii) RSS-210 [A8. 1 (4)] Number of Channels =50 Pass

Minimum
15.247 (a)(1)(iii) RSS-210 [A8. 1 (4)] Time of Occupancy Pass
15.247 (d) RSS-210 [AS8. 5] Occupied BW / Out-of-Band Pass

Emissions (Band Edge @ 20dB

below)
15.205 RSS-210 [AS8. 5] General Field Strength Limits Pass
15.209 (Restricted Bands & RE Limits)
15.207 RSS-Gen [7.2.2] AC Conducted Emissions Pass

RX/Digital Test Summary
(Frequency Hopping Spread Spectrum)

FCC Rule Part IC Rule Part Description Result
15.207 RSS-Gen [7.2.2] AC Conducted Emissions Pass
15.209 RSS-Gen [7.2.3.2] General Field Strength Limits Pass

(Restricted Bands & RE Limits)

WLL Report #10532-01
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5 Test Results

5.1 Duty Cycle Correction

In accordance with the FCC Public Notice the spurious radiated emissions measurements may be
adjusted by using a duty cycle correction factor if the dwell time per channel of the hopping signal is
less than 100 ms.

The duty cycle correction factor is calculated by:
20 x LOG (dwell time/100 ms)

The following figure shows the plot of the dwell time for the transmitter. Based on this plot, the dwell
time per hop is 108.3ms for ‘Mesh Mode’ and 40ms for ‘Drive-by mode’. The unit makes a single hop
transmission every 6 seconds. FCC part 15.247 also requires that for hopping signals with an occupied
bandwidth of greater than 250kHz the total transmit dwell time must be no more than 0.4 seconds per 10
seconds . For signals less than 250 kHz the limit is 0.4 seconds per 20 seconds. As the ‘Mesh mode
bandwidth is less than 250kHz and the ‘Drive-by’ mode is more than 250kHz both modes were tested
and complied.

Even though the drive-by mode is 40ms no duty cycle correction was applied as the normal mode of
operation ‘Mesh mode’ is over 100ms.

WLL Report #10532-01 - Page 7 of 68 - © 2008 Washington Laboratories, Ltd.
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Axiometric LLC, Mesh Stamp , Mesh Mode Part 15247 Time of Occupancy  On time for a single Hop
Frequency 902 50Hz used.  On time for a smgle Hop= 108.5ms
MNote ( Mo additional Radiated duty cycle correction allowed for On times greater than 100ms)

a Mkrl 1883 ms

Ref 32 dBm #Atten 30 dB -A.13 4B

Nerm T . ; : .
1k 1 %

Log

0 -
dB/
0ffst |

34
dB

il Il m 'H\"M" MH L

Center 962.500 MHz ' R ' ' sban oz
Fes BW 188 kHz YEKW 188 kHz Sweep S0@ ms (BAL1 pts)

Figure 1. Dwell Time Per Hop, Mesh Mode
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Axiometric LLC, Mesh Stamp Mesh Mode Pil5.247 Time Of Occupancy
One Pulse = 108mSec  ( #ee One Fulse Plot), 1 Pulse per 20 Second Period
Limii= 04 Sec Maximum within 20 Second Period Based on a 180.8kHz occ. BYW

Unit Complies

) o |-

a Mkrl 20 5

Ref 32 dBm #Atten 30 dB -45.61 dB
Norm ) ; . : : " . ) : :

Center 992.500 MHz - haE: i ' Span @ Hz
Res BH 308 kHz #BH 308 kHz Sweep 28 5 (681 pts)

Figure 2. Time of Occupancy per 20 seconds, Mesh Mode
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Axiometric LLC, Mesh Stamp , Drive-by Mode Part 15247 Time of Occupancy  Omn time for a single Hop
Frequency 902 ShHz used. On time for a single Hop= 40ms

Ref 32 dBm #Atten 30 dB -0.64 B
Norm ———T : il el i , v " : ithferriiid

Lafw |

Wl 520
53 UC| ' - | | | [ , 3 :

| — | | | i
£(F: | | | | | | |

F>50k | ‘ll.H “ Hlll.uil ..._|u‘....| ‘n._ l II|] . HI‘H il “I ‘ i

|
Center 902.500 MHz ' ' T :' Span 8 Hz
Res BHW 188 kHz YEH 188 kHz Sweep 8B ms (BA1 pts)

Figure 3. Dwell Time Per Hop, Drive-by Mode
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Axiometric LLC, Mesh Stamp Drive by mode . Pil5.247 Time Of Occupancy
One Pulse = 40ms! (sec Une Fuise Piot), 1Pulse per 10 Second Period
Limit= 0.4 Sec Maximum within 10 second period Based on a Occ. BW of 320kHz

Unit Complies

% Agilent 14:59:53 Aug 20

a Mkrl 16 s

Ref 32 dBm #Atten 38 dB -43.77 dB
Norm T = ; B L : ; = = SRR IS
Log &
18
dB S/
Dffst
34
dB

Lgﬂu

53 '-.-'S

E(F}

e | [ s L] L E . TR
Res BH 308 kHz #YBH 308 kHz Sweep 18 5 (681 pts)

Figure 4. Time of Occupancy per 10 seconds, drive-by Mode
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5.2 RF Power Output: (FCC Part §2.1046)

To measure the output power the hopping sequence was stopped while the frequency dwelled on a low,
high and middle channel. The output from the transmitter was connected to an attenuator and then to
the input of the RF Spectrum Analyzer. The analyzer offset was adjusted to compensate for the
attenuator and other losses in the system.

2 modes of operation were available: a narrow bandwidth ‘Mesh Mode’ and a wider bandwidth ‘Drive-

by’ mode.
Table 4: RF Power Output
Mode Tested Frequency Level Limit Pass/Fail
Mesh Mode Low Channel: 902.5MHz 23.66 dBm 30dBm Pass
Mesh Mode Center Channel: 915MHz 23.66 dBm 30dBm Pass
Mesh Mode High Channel: 927MHz 23.33dBm 30 dBm Pass
Drive-by Mode Low Channel: 902.5MHz 23.58 dBm 30 dBm Pass
Drive-by Mode Center Channel: 915MHz 23.50 dBm 30 dBm Pass
Drive-by mode High Channel: 927MHz 23.16 dBm 30 dBm Pass
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Figure 5. RF Peak Power, Mesh Mode, Low Channel
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Axiometric JOB: 10532 ; CMWLLAWeshStampiFPeakPower_Meshbode_Cen; 19020972002 10:23:50; James Ritter
F1=2914976 MHz (@ 23.66; F2=914.976 MHz @ 23.66; DELTA= 000521 Hz@ 1.74438 4B
SASETTINGS: RBW=3200 kHz; VBW=1 MHz; SFAN=000kHz, SWEEF TIME= 0.05; ATT=20 dB
analyzer HPESG3IE #4749 Due 9708, Limit= 30dBm for systems using 50 channels

Figure 6. RF Peak Power, Mesh Mode, Center Channel
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tesh Stamp P15.247 Conducted Peak Power plots channel @ 927 MHz  Mesh mode LI 1
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Pxiometric JOB: 10532 ; CAMWLL\WeshStamphPeakPower Meshhdode Hi;  190A0g9/2008 10:25:49; James Ritter

F1=9262005 MHz @ 232.33; F2=026006 MHz @22332, DELTA=0Hz@O dB

SA SETTINGS: RBU=200 kHz; VBWI=1 MHz; SPAN=000kHz; SWEEF TIME=0.05; ATT=20 4B

analyzer HPESG3IE #4749 Due 9708, Limit= 30dBm for systems using 50 channels

Figure 7. RF Peak Power, Mesh Mode, High Channel

WLL Report #10532-01 - Page 15 of 68 - © 2008 Washington Laboratories, Ltd.



Axiometric, LLC FCC Certification Test Report
Mesh Stamp December 2008

5 EJE WLPLOT
Mesh Stamp P415.247 Conducted Peak Power plots Low channel @& 902 5MHz Orive-by mode LA
L s e s B I B B D D O D B B
dBm - o
= o1 # | it}
20
—
10
LEWEL - 4
]
LIMIT1 40
-20
MKRS r b
¥ -30
B 7 LImz
-40
LIMIT 2 r T
7, I S S S S N S
901 B50EE 902 000EE 302 200EE 302 400EE 902 EO0EE 902 200EE 303 .000EE 9033506
Frequency
Peiometric JOB: 10532 ; CMWLLWeshStampiPeakP ower_DriveBybdode_Lo;  180A0g/2008 10:27.08; James Ritter
F1=902476 MHz @ 23.58; F2=902.43 MHz @23.58; DELTA=3.17802 kHzi@ 0.00166 dB
SA SETTINGS: RBW=1 MHz; WBW=3 MHz; SPAN=1.7MHz; SWEEFP TIME=0.08; ATT=20 dB
analyzer HPSE3E #4774 Due 9708, Limit = 30dBm for systems using 50 channelz

Figure 8. RF Peak Power, Drive-by Mode, Low Channel
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Axiometric JOB: 10532 ; CMWLLAWeshStampiPeakP ower_CriveByhode_Cen;  180Augr20028 10:34:59; James Ritter
F1=214963 MHz @ 23.5; F2=2814963 MHz @23.5; DELTA=0Hz@0 4B
SABETTINGS: RBU=1 MHz; VBW=32 MHz; SPAN=1.7MHz; SWEEF TIME= 0.05; ATT=20 dB
analyzer HPESGE3E #474 Due 27708, Limit = 20dBm for systems using 50 channels

Figure 9. RF Peak Power, Drive-by Mode, Center Channel
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Axiometric JOB: 10532 ; CMWLLAWeshStampiPeakP ower_CriveByhode_Hi;  190A0g/2008 10:32:48; James Rither
F1 =926 9620000000001 MHz @ 23.16; FZ2 = 926.9680000000001 MHz @ 23.16; DELTA=0Hz@0 dB
SABETTINGS: RBU=1 MHz; VBW=32 MHz; SPAN=1.7MHz; SWEEF TIME= 0.05; ATT=20 dB
analyzer HPESGE3E #474 Due 27708, Limit = 20dBm for systems using 50 channels

Figure 10. RF Peak Power, Drive-by Mode, High Channel

5.3 Occupied Bandwidth: (FCC Part §2.1049)

Occupied bandwidth was performed by coupling the output of the EUT to the input of a spectrum
analyzer.

For Frequency Hopping Spread Spectrum Systems, FCC Part 15.247 requires the maximum 20 dB
bandwidth not exceed 500 kHz.

Two modes of operation were available: a narrow bandwidth ‘Mesh Mode’” and a wider bandwidth
‘Drive-by’ mode, the occupied bandwidth was measured as shown:
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Axiometric JOB: 10532 ; CAWLLWeshStamp20dB_BW_MeshMode_Lo;  194809/2008 09:12:57; James Ritter

F1 =002 526 MHz @-2.263; F2 =902 4210000000001 MHz @ -3208;, DELTA= 165.226 kHz@ 005704 4B

SA SETTINGS: RBW=3 kHz; VBW=10 kHz; SPAN=500kHz; SWEEF TIME= 0.14; ATT=20 dB

analyzer HPESG3IE #474 Due 97708, Limit = 500kHz Maximum

Figure 11. Occupied Bandwidth, Mesh Mode, Low Channel
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Mesh Stamp PE15.247 20dB Bandwidth plots channel @ 915MHz Mesh mode [narrow BYW) LI i
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Axiometric JOB: 10532 ; CMVLL\WeshStamp'Z20dB_BW Meshhdode_Cen;  194A09/2002 09:13:54; James Ritter

F1=9015.085 MH=z @ -2.33; F2=01492 MHz @ -2.208; DELTA= 184552 kH=® 0.03235 4B

SA SETTINGS: RBW=3 kHz; VBW=10 kHz; SPAN=500kHz; SWEEF TIME= 0.14; ATT=20 dB

analyzer HPBSE3IE #4749 Due 977008, Limit = S00kHz Maximum

Figure 12. Occupied Bandwidth, Mesh Mode, Center Channel
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Mesh Stamp PE15.247 20dB Bandwidth plots channel @ 927MHz Mesh mode [narrow BYW) LI i
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Axiometric JOB: 10532 ; CMUVLLMWeshStamp20dB_BW_Meshhode_Hi;  A90A0gs2008 09:22:20; James Ritter

F1=927.086 MHz @-3.897; F2=29026905 MHz @-3.734; DELTA= 12028 kHzg 002742 4B

SA SETTINGS: RBW=3 kHz; VBW=10 kHz; SPAN=500kHz; SWEEF TIME= 0.14; ATT=20 dB

analyzer HPBSE3IE #4749 Due 977008, Limit = S00kHz Maximum

Figure 13. Occupied Bandwidth, Mesh Mode, High Channel
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Aziometric JOB: 10532 ; CUVLL\MeshStampi20dB_B°_DriveByhode_Lo;, 1904072008 09:36:02; James Ritter

F1 =902 662 MHz @-2.539; F2=0802343 MHz @-2623;, DELTA=313.47 kHz@ 0.03400 dB

SA SETTINGS: RBW=10 kHz; VBW=30 kHz; SPAN=B00kHz; SWEEP TIME=0.05; ATT=20 4B

analyzer HPEAG3E #4774 Due 8708, Limit= 500kHz Maximum

Figure 14. Occupied Bandwidth, Drive-by Mode, Low Channel
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Axiometric JOB: 10532 ; CAWLLWeshStampi20dB_BW_ DriveByhode_Cen; 1904092008 09:32:52; James Ritter

F1 =915 1650000000001 MHz @ -3.404; F2=91484 MHz @ -3.3585; DELTA=325231 kHz@ 0.04360 4B

SASETTINGS: RBW=10 kHz; VBW=30 kHz;, SFAN=800kHz; SWEEF TIME=0.05; ATT=20 dB

analyzer HPESE3E #4748 Due Q702 Limit = S00kHz M aximum

Figure 15. Occupied Bandwidth, Drive-by Mode, Center Channel
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Axiometric JOB: 10532 ; CMVLL\WeshStampi20dB_BW_ DriveByhiode_Hi; 190A09/2002 009:30:28; James Ritter
F1 =927 167 MHz (@ -3.335; F2=926.338 MHz @-3.338; DELTA=320.119 kHz@ 0.002587 4B
S8 SETTINGS: RBW=10 kHz; WBW=20 kHz; SFAN=200kHz; SWEEFP TIME= 0.05; ATT=20 db
analyzer HPESG3E #4749 Due Q702 Limit = S00kHz Maximum
Figure 16. Occupied Bandwidth, Drive-by Mode, High Channel
Table 5 provides a summary of the Occupied Bandwidth Results.
Table 5: Occupied Bandwidth Results
Mode Tested Frequency Bandwidth Limit Pass/Fail
Mesh Mode Low Channel: 902.5MHz 165.33 kHz 500 kHz Pass
Mesh Mode Center Channel: 915MHz 164.55 kHz 500 kHz Pass
Mesh Mode High Channel: 927MHz 180.86 kHz 500 kHz Pass
Drive-by Mode Low Channel: 902.5MHz 318.47 kHz 500 kHz Pass
Drive-by Mode Center Channel: 915MHz 325.83 kHz 500 kHz Pass
Drive-by mode High Channel: 927MHz 329.12kHz 500 kHz Pass
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5.4 Carrier Frequency Separation and Number of Hop Channels (FCC Part §15247(a)(1)

Per the FCC requirements, frequency hopping systems shall have hopping channel carrier frequencies
separated by a minimum of 25kHz or the 20 dB bandwidth, whichever is greater. The maximum 20dB
bandwidth measured is 180.86 kHz so the channel spacing must be more than 180.86 kHz for mesh
mode and 329.12 kHz for drive-by mode. In addition, the number of hopping channels be 50 or more
for a system with an occupied bandwidth greater than 250kHz.

The EUT antenna was removed and the cable was connected directly into a spectrum analyzer through a
10 dB attenuator. An offset was programmed into the spectrum analyzer to compensate for the loss of
the external attenuator. The spectrum analyzer resolution bandwidth was set to greater than 1% of the
span and the video bandwidth was set greater than the RBW. The channel spacing of 2 adjacent
channels was measured using a spectrum analyzer span setting of 2.3MHz. Also, the number of hopping
channels was measured from 902 to 928MHz (to encompass the passband).

The following are plots of the channel spacing and number of hopping channels data. The channel
spacing was measured to be 500kHz in both Mesh and Drive-by Modes and the number of channels
used is 50 in both modes.
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Aziometric JOB: 10532 ; CHULL\MeshStampiCarierSep_MeshMode;  190A09/2008 11:25:12; James Ritter
F4=902.463 MHz (@ 23.78; FZ=902.963 MHz @ 2372, DELTA=A500 kHzi@ 005649 dB
SA SETTINGS: RBWN=30 kHz; WVBWI=100 kHz; SPAN=1.50Hz; SWEEP TIME= 0.05; ATT=20 dB
analyzer HP2AG3E #474 Due 877008, Seperation Limits minimum 180 85kHz (2048 B

Figure 17, Channel Spacing, Mesh Mode
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Priometric JOB: 10532 ; CMWLL\MeshStampiCarierSep_CDriveBryMode;, 19040972002 11:31:39; James Ritter

F1=980242 MHz (@ 2362, F2=902923 MHz @23.5;, DELTA=3502.5 kHzi@ 0.11503 dB

SASETTINGS: REWI=30 kHz; VEW=100 kHz; SPAN=1.5MHz; SWEEP TIME= 0.05; ATT=20 4B

analyzer HP2AG3E #474 Due 877008, Seperation Limits minimum 329.12kHz (2048 B

Figure 18, Channel Spacing, Drive-by Mode
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Axiometric JOB: 10532 ; CMLL\MeshStampiHumberOfHoppers;  190809/2008 10:57:26; James Ritter

F1 =902 457 MHz @ 22 63; F2=027.070 MHz @ 23.5; DELTA= 245125 MHz@ 0.12534 dB

SASETTINGS: REW=100 kHz; VBW=100 kHz; SPAN=27 SMHz; SWEEF TIME=0.05; ATT=20 dB

analyzer HPESE3E #4749 Due 702, Limits 50 channels minimum

Figure 19, Number of Channels

5.5 Conducted Spurious Emissions at Antenna Terminals (FCC Part §2.1051)

The EUT must comply with requirements for spurious emissions at antenna terminals. Per §15.247(c) all
spurious emissions in any 100 kHz bandwidth outside the frequency band in which the spread spectrum
device is operating shall be attenuated 20 dB below the highest power level in a 100 kHz bandwidth
within the band containing the highest level of the desired power.

The EUT antenna was removed and the cable was connected directly into a spectrum analyzer through a
30 dB attenuator. An offset was programmed into the spectrum analyzer to compensate for the loss of
the external attenuator. The spectrum analyzer resolution bandwidth was set to 100 kHz and the video
bandwidth was set to 100 kHz. The amplitude of the EUT carrier frequency was measured to determine
the emissions limit (20 dB below the carrier frequency amplitude). The emissions outside of the
allocated frequency band were then scanned from 30 MHz up to the tenth harmonic of the carrier.

The following are plots of the conducted spurious emissions data.

WLL Report #10532-01 - Page 28 of 68 - © 2008 Washington Laboratories, Ltd.



Axiometric, LLC
Mesh Stamp

FCC Certification Test Report
December 2008

dBm

LEVEL

LIMIT 1

MERE

LIMIT 2

-20

20

-40

-50

Mesh Stamp Pt15.247 Conducted Spurious @ antenna port |

Channeli@ 902 5kHz | Mesh Mode LIMIT 1

30

20

LRI 2

-B0
20.000EE

100.000E& 301 .000EE

Fraquenoy

Axiometric JOB: 10532 ; CAWLLWeshStampilo_Mesh_Spurt;  190%ug/2008 15:12:34; James Ritter

F1=000927 MHz @ -26.65; F2=2842783 MHz @ 32.7; DELTA=531527 MHz@ 30 35427 4B

SASETTINGE: RBW=100 kHz; VBW=200 kHz; SPAN=2710MHz; SWWEEP TIME=0.05; ATT=20 4B

analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 20. Conducted Spurious Emissions, Mesh Mode, Low Channel 30 - 901MHz
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Axiometric JOB: 10532 ; CAWLLWeshStampilo_Mesh_Spur2;  190%ug/2008 15:09:21; James Ritter

F1 =902 5650000000001 MHz @ 22.7; F2=1001233 MHz @-23.68;, DELTA=1.33162 MHz@ 47 22002 dB

SASETTINGS: RBW=100 kHz; VBWW=300 kHz; SPAN=22MHz; SWEEF TIME= 0.05; ATT=20 4B

analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 21. Conducted Spurious Emissions, Mesh Mode, Low Channel 901 — 929MHz
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Axiometric JOB: 10532 ; CAWLLWeshStampilo_Mesh_Spurd;  190%ug/2008 15:23:25; James Ritter
F1=1.20497 GHz @-26.87; Fz= 1803456 GHz @3.7; DELTA= 347453 MHz@ 3056757 4B
SA SETTINGE: REW=100 kHz; WBW=200 kHz; SFAN=4.071GHz; SWEEF TIME= 0.05; ATT=20 4B
analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 22. Conducted Spurious Emissions, Mesh Mode, Low Channel 929-5000MHz
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Axiometric JOB: 10532 ; CAWLLWeshStampilo_Mesh_Spurd;  190%ug/2008 15:59:329; James Ritter
F1=55 GHz @-31.2; Fz=540826 ¢GHz @3.7; DELTA= 173559 MHz@ 3385993 4B
SA SETTINGE: RBU=100 kHz; VBW=200 kHz; SPAN=0GHz, SWEEF TIME= 0.05; ATT=20 dB
analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 23. Conducted Spurious Emissions, Mesh Mode, Low Channel 5- 10GHz
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Axiometric JOB: 10532 ; CAMWLL\MeshStampiCen_Mesh_Spurt;  1908ug/2008 16:12:10; James Ritter
F1=122.036 MHz @-31.43; F2=12203 MHz @3.7; DELTA=06.03195 kH=z@ 35.132H 4B
SA SETTINGS: REW=100 kHz; VBW=200 kHz; SPAN=271MHz; SWEEP TIME=0.05; ATT=20 dB
analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band
Figure 24. Conducted Spurious Emissions, Mesh Mode, Center Channel 30-901 MHz
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Axiometric JOB: 10532 ; CAMWLL\MeshStampiCen_Mesh_Spur2;  1908ug/2008 16:15:18; James Ritter

F1=045085 MHz @237, F2=002 MHz @3.7; DELTA= 130245 MH=@ 20 4B

SASETTINGS: RBW=100 kHz; VBWW=300 kHz; SPAN=22MHz; SWEEF TIME= 0.05; ATT=20 4B

analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 25. Conducted Spurious Emissions, Mesh Mode, Center Channel 901-929 MHz
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Axiometric JOB: 10532 ; CAMWLL\MeshStampiCen_Mesh_Spurd;  1908ug/2008 16:29:14; James Ritter
F1=1.282994 GHz @-28.71; FZ=183158 GHz @3.7; DELTA=16H471 MHz@ 3240711 dB
SA SETTINGE: REW=100 kHz; WBW=200 kHz; SFAN=4.071GHz; SWEEF TIME= 0.05; ATT=20 4B
analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 26. Conducted Spurious Emissions, Mesh Mode, Center Channel 929 -5000MHz
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Axiometric JOB: 10532 ; CAMWLL\MeshStampiCen_Mesh_Spurd;  1908ug/2008 16:40:19; James Ritter
F1=06.84933 GHz @-29.51; FZ=686021 GHz @3.7; DELTA=10.8793 MHz@ 33.20514 4B
SA SETTINGE: RBU=100 kHz; VBW=200 kHz; SPAN=0GHz, SWEEF TIME= 0.05; ATT=20 dB
analyzer HPESGE3E #474 Due 702, LimiE20dBc out of 902-928MH=z Band

Figure 27. Conducted Spurious Emissions, Mesh Mode, Center Channel 5-10GHz
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Ariometric JOB: 10532 ; CHMWLLWeshStampiHi_Mesh_Spurl; 20040972002 02:44:57; James Ritter
F4=120.284 MHz @-3151; F2=118934 MHz @37, DELTA=1.3599 MHz@ 35.21356 dB
SA SETTINGS: RBW=100 kHz; WVBWW=300 kHz; SPAN=2T1MHz; SWEEP TIME= 0.0&; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 28. Conducted Spurious Emissions, Mesh Mode, High Channel 30-901MHz
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Ariometric JOB: 10532 ; CAMWLLWeshStampiHi_Mesh_Spur2, 20040972002 02:42:17; James Ritter

F1=927.094 MHz @ 237, F2=928 MHz @37, DELTA=845.618 kHz@@ 20 dB

SA SETTINGS: REW=100 kHz; VBW=200 kHz; SPAN=28MHz; SWEEP TIME= 0.05; ATT=20 dB

analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 29. Conducted Spurious Emissions, Mesh Mode, High Channel 901-929MHz
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Ariometric JOB: 10532 ; CHMWLLMeshStampiHi_Mesh_Spurd;  200Au9/2002 02:47:50; James Ritter
F1=185416 GHz @-29.23; F2=185501 GHz @3.7, DELTA=851.181kHz@32.92733 4B
SASETTINGS: RBWN=100 kHz; WEW=300 kHz; SPAN=4.071GHz; SWEEP TIME=0.08; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 30. Conducted Spurious Emissions, Mesh Mode, High Channel 929-5000MHz
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Ariometric JOB: 10532 ; CMWLLWeshStampiHi_Mesh_Spurd, 20040972002 09:22:14; James Ritter
F1=6.1475 GHz @-312; F2=6.1416 GHz @ 3.7, DELTA=2589577 MHz@ 3489797 4B
SASETTINGS: RBW=100 kHz; WEW=300 kHz; SPAN=5GHz; SWEEP TIME= 0.05; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 31. Conducted Spurious Emissions, Mesh Mode, High Channel 5-10GHz
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Axiometric JOB: 10532 ; CVLLMWeshStampilo_driveby_Sparl;  200Augi2008 12:19:26; James Ritter
F4 = 90063659 MHz @ -24.67; F2=812.95800000000041 MHz @ 3.4, DELTA =87.648 MHz@ 25.174394 4B
SA SETTINGS: RBW=100 kHz; WVBWW=300 kHz; SPAN=2T1MHz; SWEEP TIME= 0.0&; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 32. Conducted Spurious Emissions, Drive-by Mode, Low Channel 30-901MHz
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Axiometric JOB: 10532 ; CVLLMWeshStampilo_driveby_Spor2;  200Augi2008 12:16:59; James Ritter

F1=902607 MHz @ 235, F2=902MHz @35; DELTA=607.251kHz@@ 20 dB

SA SETTINGS: REW=100 kHz; VBW=200 kHz; SPAN=28MHz; SWEEP TIME= 0.05; ATT=20 dB

analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 33. Conducted Spurious Emissions, Drive-by Mode, Low Channel 901-929MHz
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Axiometric JOB: 10532 ; CVLLMWeshStampilo_driveby_Spard;  200Augi2008 12:24:34; James Ritter
F1=180524 GHz @-26.5, F2=181767 GHz @35, DELTA=12.4223 MHz{@ 29.99935 4B
SASETTINGS: RBWN=100 kHz; WEW=300 kHz; SPAN=4.071GHz; SWEEP TIME=0.08; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 34. Conducted Spurious Emissions, Drive-by Mode, Low Channel 929-5000MHz
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Axiometric JOB: 10532 ; CVLLMWeshStampilo_driveby_Spard;  200Augi2008 12:47:25; James Ritter
F1=0654842 GHz @-29.23; F2=05375 GHz @35, DELTA= 166635 MHz@ 32.72724 dB
SASETTINGS: RBW=100 kHz; WEW=300 kHz; SPAN=5GHz; SWEEP TIME= 0.05; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 35. Conducted Spurious Emissions, Drive-by Mode, Low Channel 5-10GHz
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Peiometric JOB: 0532 ; CVLLMeshStamprCen_driveby Spurt;  200A09/2008 11:47:44; James Ritter
F4=163.118 MHz @-3143; F2=162727 MHz @35, DELTA=391.073 kHzi@ 35.02740 4B
SA SETTINGS: RBW=100 kHz; WVBWW=300 kHz; SPAN=2T1MHz; SWEEP TIME= 0.0&; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 36. Conducted Spurious Emissions, Drive-by Mode, Center Channel 30 - 901MHz
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Peiometric JOB: 0532 ; CVLLMeshStamptCen_driveby Spurd;  200A09/2008 11:45:07; James Ritter

F1=914955 MHz @ 235, F2=902 MHz @35, DELTA= 129577 MHz@ 20 dB

SA SETTINGS: REW=100 kHz; VBW=200 kHz; SPAN=28MHz; SWEEP TIME= 0.05; ATT=20 dB

analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 37. Conducted Spurious Emissions, Drive-by Mode, Center Channel 901-929MHz
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Ariometric JOB: 10532 ; COMWLLWeshStampiCen_driveby Spurd; 2004072008 11:50:18; James Ritter

F1=163.118 MHz @ -31.53; F2=162727 MHz @35, DELTA=391.073 kHz@ 35.02750 dB

SA SETTINGS: RBW=100 kHz; VBWN=300 kHz; SPAN=4.071GHz, SWEEP TIME= 0.0&; ATT=20 4B

analyzer HPESG3E #474 Due 9708, Limitk20dBe oot of 902-828MHz Band

LIAT 1

LIAT2

Figure 38. Conducted Spurious Emissions, Drive-by Mode, Center Channel 929-5000MHz
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Peiometric JOB: 0532 ; CVLLMeshStamprCen_driveby Spurd;  200A09/2008 12:01:25; James Ritter
F1=664825 GHz @-29.18; F2=06626 GHz @35, DELTA= 143474 MHz@ 3267737 4B
SASETTINGS: RBW=100 kHz; WEW=300 kHz; SPAN=5GHz; SWEEP TIME= 0.05; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 39. Conducted Spurious Emissions, Drive-by Mode, Center Channel 5-10GHz
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Fiometric JOB: 10532 ; CAWLLWeshStampiHi_driveby_Spurt; 2008092008 10:57:05; James Ritter
F1=248.476 MHz @-3206; F2=244225 MHz @35, DELTA=42513 MHz@ 3596075 dB
SA SETTINGS: RBW=100 kHz; WVBWW=300 kHz; SPAN=2T1MHz; SWEEP TIME= 0.0&; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 40. Conducted Spurious Emissions, Drive-by Mode, High Channel 30-901MHz
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Fiometric JOB: 10532 ; CAWLLWeshStampiHi_driveby_Spur2; 2008092008 10:52:57; James Ritter

F1=926927 MHz @ 235, F2=928 MHz @35, DELTA=1.07251 MHz@ 20 dB

SA SETTINGS: REW=100 kHz; VBW=200 kHz; SPAN=28MHz; SWEEP TIME= 0.05; ATT=20 dB

analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 41. Conducted Spurious Emissions, Drive-by Mode, High Channel 901-929MHz
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Feiometric JOB: 10532 ; CAWLLWeshStampiHi_driveby_Spurd; 2008092008 11:28:40; James Ritter
F1=18543 GHz @-28.72; F2=184561 GHz @35, DELTA=8.69305 MHz@ 33.22415 4B
SASETTINGS: RBWN=100 kHz; WEW=300 kHz; SPAN=4.071GHz; SWEEP TIME=0.08; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 42. Conducted Spurious Emissions, Drive-by Mode, High Channel 929-5000MHz
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Fiometric JOB: 10532 ; CAWLLWeshStampiHi_driveby_Spurk;  200809/2008 11:40:10; James Ritter
F1=0655892 GHz @-30.41; F2=056593 GHz @35, DELTA=7.01795 MHz@ 3380516 dB
SASETTINGS: RBW=100 kHz; WEW=300 kHz; SPAN=5GHz; SWEEP TIME= 0.05; ATT=20 dB
analyzer HPEAG3E #4974 Due 87108, Limit20d8¢ out of S02-928MHz Band

Figure 43. Conducted Spurious Emissions, Drive-by Mode, High Channel 5-10GHz
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5.5.1 Band Edge Requirements

Close up plots of the upper and lower 902-928MHz Band-edges in both Mesh and Drive-by modes are
provided below with the EUT fixed at the lower and upper frequencies. Plots are also provided with the
EUT hopping functions enabled. Emissions must be attenuated 20dB from the peak emission outside of
the 902-928 Band.
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Aedometric JOB: 10532 ; CMWLLWeshStampiBandedge_beshbdode_Hi_non-hop; 19850982008 13:58:17; James Ritter

F1=927.05 MHz (@ 2306, F2=92836 MHz @-3029; DELTA=1.31 MHz@ 52.34142 dB

SASETTINGS: RBUW=30 kHz; WBW=100 kHz; SPAN=3MHz; SWEEF TIME=0.05; ATT=20 dB

analyzer HPS5SE3E #474 Due 2702, Limit=20dBc at or abowe 25MHz

Figure 44. Conducted Lower Band-edge, Mesh Mode, Low Channel
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Ariometric JOB: 10532 ; CHWLL\MeshStampiBandedge_DriveBytode_Lo_non-hop;  190A0g/2008 13:36:00; James Ritter

F1=902.407 MHz @ 21, F2=902 MHz @-23.84, DELTA= 406667 kHzi@ 48.84013 4B

SA SETTINGS: RBW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEP TIME= 0.05; ATT=20 4B

analyzer HPESE3E #474 Due 87108, Limit=20dB¢ at or below 302MHz

Figure 45. Conducted Lower Band-edge, Drive-by Mode, Low Channel
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Aziometric JOB: 10532 ; CVLL\MeshStampiBandedge_Meshhblode_Lo_bopping;  190809/2008 134218, James Ritter

F1=90246 MHz (@23.54; F2=0901733 MHz @-2632, DELTA= 70607 kHz(@ 4886275 dB

SA SETTINGS: RBW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEP TIME= 0.05; ATT=20 4B

analyzer HPESE3E #474 Due 87108, Limit=20dB¢ at or below 302MHz

Figure 46. Conducted Lower Band-edge, Mesh Mode, Hopping
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Ariometric JOB: 10532 ; CHWLL\MeshStampiBandedge_DriveBytode_Lo_hopping;  190Augr2008 13:40:15; James Ritter

F1=902.407 MHz @ 2283, FZ=902.003 MHz @-23.01, DELTA=403.333 kHzi@ 5083565 4B

SA SETTINGS: RBW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEP TIME= 0.05; ATT=20 4B

analyzer HPESE3E #474 Due 87108, Limit=20dB¢ at or below 302MHz

Figure 47. Conducted Lower Band-edge, Drive-by Mode, Hopping
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Axiometric JOB: 10532 ; CMVLL\WeshStampiBandedge_Meshhdode_Hi_non-hop; 1805092008 1:3:52:17; James Ritter

F1=902708 MHz @ 2206, F2=92836 MHz @-30.20; DELTA=1.31 MHz@ 5334142 dB

SASETTINGS: RBUW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEF TIME=0.05; ATT=20 4B

analyzer HPSSE3E #474 Due 9703, Limits20dB¢ at or abowe 925MH=

Figure 48. Conducted Upper Band-edge, Mesh Mode, High Channel
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Pxiometric JOB: 10532 ; CMWLLwMeshStampiBandedge_DriveBytode_Hi_non-hopping;  190A09/2002 13:56:39; James Ritter

F1 =927 11 MHz @ 20.5; F2=9224500000000001 MHz @-208.9; DELTA= 1.34 MHz@ 5040005 4B

SASETTINGS: RBUW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEF TIME=0.05; ATT=20 4B

analyzer HPSSE3E #474 Due 9703, Limit=20dB¢ at or abowve 325MH=

Figure 49. Conducted Upper Band-edge, Drive-by Mode, High Channel
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o CLLMeshStampiBandedge_Meshhode_Hi_hopping;

59228 .000EE

1908092008 13:46:42; James Ritter

F2 = 028055 MHz @-29.55;, DELTA=1.005 MHz@® 52.28321 4B

SASETTINGS: RBUW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEF TIME=0.05; ATT=20 4B

analyzer HPSSE3E #474 Due 9703, Limits20dB¢ at or abowe 925MH=

5928 S00ER

925 .000EE

Figure 50. Conducted Upper Band-edge, Mesh Mode, Hopping
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Aiometric JOB: 10532 ; CMVLL\MWeshStampiBandedge_DriveBybode_Hi_hopping;  1908ug/2008 12:51:40; James Ritter

F1 =927 1 MHz @ 2205, F2=923.045 MHz @-2396; DELTA =045 kHz@ 45 00740 4B

SASETTINGS: RBUW=30 kHz; VBW=100 kHz; SPAN=2MHz; SWEEF TIME=0.05; ATT=20 4B

analyzer HPSSE3E #474 Due 9703, Limits20dB¢ at or abowe 925MH=

Figure 51. Conducted Upper Band-edge, Drive-by Mode, Hopping
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5.6 Radiated Spurious Emissions: (FCC Part §2.1053)

The EUT must comply with the requirements for radiated spurious emissions that fall within the
restricted bands. These emissions must meet the limits specified in §15.209 and §15.35(b) for peak
measurements.

5.6.1 Test Procedure

The EUT was placed on motorized turntable for radiated testing on a 3-meter open field test site. The
emissions from the EUT were measured continuously at every azimuth by rotating the turntable.
Receiving antennas were mounted on an antenna mast to determine the height of maximum emissions.
The height of the antenna was varied between 1 and 4 meters. The peripherals were placed on the table
in accordance with ANSI C63.4-2003. Cables were varied in position to produce maximum emissions.
Both the horizontal and vertical field components were measured. The module was tested in 3
orthogonals with the worst case readings reported (unit flat was worst case). The radiated tests were
measured with the EUT connected to a 5.5dBi whip antenna.

The emissions were measured using the following resolution bandwidths:

Frequency Range Resolution Bandwidth Video Bandwidth
30MHz-1000 MHz 120kHz >100 kHz
>1000 MHz 1 MHz 10 Hz (Avg.)
1MHz (Peak)
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Table 6: Radiated Emission Test Data (Restricted Bands), Center Channel

SA
Frequency | Polarity Az ﬁg;r:t Level é) nrtr gztr):f ér;ﬁ (ng\gl. CL:((e)\';gi Limit Margin
(MHz) RV Deg |y | QP eim) | @B) | (@B) | (@Buvim) | uvim) | VM) | (dB)
(dBpv)
Peak
2707.500 \% 0.0 2.7 52.7 29.5 2.2 35.4 48.9 279.9 | 5000.0 -25.0
3610.000 A% 270.0 | 25 51.2 30.7 3.9 35.3 50.5 333.9 | 5000.0 -235
4512.500 \% 225.0 | 25 50.5 32.0 4.9 355 51.9 393.5 | 5000.0 -22.1
5415.000 \% 45.0 2.6 52.3 335 5.4 35.6 55.7 608.3 | 5000.0 -18.3
8122.500 \% 45.0 2.5 43.0 37.4 7.2 35.8 51.7 385.8 | 5000.0 -22.3
9025.000 \Y 0.0 25 44.0 38.0 8.0 35.9 54.1 508.2 | 5000.0 -19.9
Avg
2707.500 \% 0.0 2.7 445 29.5 2.2 35.4 40.8 109.3 500.0 -13.2
3610.000 \% 270.0 | 25 41.5 30.7 3.9 35.3 40.8 109.7 500.0 -13.2
4512.500 A% 225.0 | 25 42.7 32.0 4.9 355 441 159.8 500.0 -9.9
5415.000 \% 45.0 2.6 44.3 335 5.4 35.6 47.7 2422 500.0 -6.3
8122.500 \% 45.0 2.5 33.0 37.4 7.2 35.8 41.7 122.0 500.0 -12.3
9025.000 \% 0.0 2.5 325 38.0 8.0 35.9 42.6 135.2 500.0 -11.4
Peak
2707.500 H 22.0 2.3 54.8 29.5 2.2 354 51.1 358.9 | 5000.0 -22.9
3610.000 H 0.0 2.6 53.0 30.7 3.9 35.3 52.3 412.2 | 5000.0 -21.7
4512.500 H 2450 | 2.6 50.2 32.0 4.9 355 51.6 378.9 | 5000.0 -22.4
5415.000 H 45.0 2.4 52.3 335 5.4 35.6 55.7 608.3 | 5000.0 -18.3
8122.500 H 180.0 | 2.3 42.2 374 7.2 35.8 50.9 350.7 | 5000.0 -23.1
9025.000 H 0.0 2.3 43.8 38.0 8.0 35.9 54.0 498.4 | 5000.0 -20.0
Avg
2707.500 H 22.0 2.3 46.3 29.5 2.2 35.4 42.6 134.9 500.0 -11.4
3610.000 H 0.0 2.6 43.8 30.7 3.9 35.3 43.1 143.4 500.0 -10.8
4512.500 H 2450 | 2.6 41.1 32.0 4.9 355 425 133.3 500.0 -11.5
5415.000 H 45.0 2.4 48.0 335 5.4 35.6 51.4 369.5 500.0 -2.6
8122.500 H 180.0 | 2.3 32.7 37.4 7.2 35.8 41.4 1175 500.0 -12.6
9025.000 H 0.0 2.3 31.7 38.0 8.0 35.9 41.8 122.9 500.0 -12.2
Non harmonics
116.994 \% 90.0 1.2 10.0 13.1 1.7 0.0 24.8 17.3 150.0 -18.8
129.485 \% 2700 | 1.1 8.6 13.8 1.7 0.0 24.1 16.1 150.0 -19.4
258.767 \% 2700 | 16 7.9 12.2 2.6 0.0 22.6 135 200.0 -23.4
408.530 \% 90.0 1.7 10.1 15.9 3.1 0.0 29.1 28.6 200.0 -16.9
960.930 \% 90.0 1.2 13.5 23.0 5.5 0.0 42.1 127.1 500.0 -11.9
999.955 \% 90.0 | 90.0 13.9 23.3 5.7 0.0 429 139.6 500.0 -11.1
116.994 H 0.0 3.7 12.2 13.1 1.7 0.0 27.0 22.3 150.0 -16.6
129.485 H 180.0 | 35 94 13.8 1.7 0.0 24.9 17.7 150.0 -18.6
408.530 H 1900 | 2.8 8.0 15.9 3.1 0.0 27.0 22.4 200.0 -19.0
960.930 H 0.0 2.0 10.8 23.0 5.5 0.0 39.4 93.1 500.0 -14.6
999.955 H 1900 | 15 10.2 23.3 5.7 0.0 39.2 91.2 500.0 -14.8
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Table 7: Radiated Emission Test Data (Restricted Bands), Center Channel

SA
Frequency | Polarity Az ﬁg;r:t Level éor:,tr'. g?)tr):f ér{:ﬁ (LZS\I/FerI. Eg\gi Limit Margin
(MHz) V- Beg iy | QP agimy | (@B) | (@B) | @Buvim) | uvimy | ®V/M) | (dB)
(dBpv)
Peak
2745.000 \% 90.0 2.8 51.7 29.6 2.4 355 48.2 257.4 | 5000.0 -25.8
3660.000 A% 45.0 2.7 49.3 30.8 4.0 35.3 48.8 276.5 | 5000.0 -25.1
4575.000 \% 2200 | 2.6 46.4 321 4.9 35.6 47.9 248.1 | 5000.0 -26.1
7320.000 \% 45.0 2.4 44.0 37.1 6.4 35.6 51.9 395.4 | 5000.0 -22.0
8235.000 \% 1800 | 2.4 43.7 375 7.3 35.8 52.6 426.8 | 5000.0 -21.4
9150.000 \% 180.0 | 25 43.3 38.1 8.0 35.9 53.6 476.2 | 5000.0 -20.4
Avg
2745.000 \% 90.0 2.8 445 29.6 2.4 355 41.0 112.7 500.0 -12.9
3660.000 A% 45.0 2.7 40.8 30.8 4.0 35.3 40.3 103.9 500.0 -13.6
4575.000 \% 2200 | 26 34.9 32.1 4.9 35.6 36.4 66.0 500.0 -17.6
7320.000 \% 45.0 2.4 32.0 37.1 6.4 35.6 39.9 99.3 500.0 -14.0
8235.000 \% 1800 | 2.4 32.0 375 7.3 35.8 40.9 1114 500.0 -13.0
9150.000 A% 180.0 | 25 31.7 38.1 8.0 35.9 41.9 124.4 500.0 -12.1
Peak
2745.000 H 0.0 2.4 51.5 29.6 2.4 355 48.0 252.4 | 5000.0 -25.9
3660.000 H 45.0 2.6 48.0 30.8 4.0 35.3 475 237.2 | 5000.0 -26.5
4575.000 H 0.0 2.5 46.8 32.1 4.9 35.6 48.3 259.8 | 5000.0 -25.7
7320.000 H 90.0 2.6 45.0 37.1 6.4 35.6 52.9 443.7 | 5000.0 -21.0
8235.000 H 1900 | 24 425 375 7.3 35.8 51.4 373.0 | 5000.0 -22.5
9150.000 H 1900 | 24 44.8 38.1 8.0 35.9 55.1 565.9 | 5000.0 -18.9
Avg
2745.000 H 0.0 2.4 46.9 29.6 2.4 355 43.4 147.9 500.0 -10.6
3660.000 H 45.0 2.6 415 30.8 4.0 35.3 41.0 112.2 500.0 -13.0
4575.000 H 0.0 2.5 34.7 32.1 4.9 35.6 36.2 64.3 500.0 -17.8
7320.000 H 90.0 2.6 315 37.1 6.4 35.6 39.4 93.8 500.0 -14.5
8235.000 H 1900 | 24 32.3 375 7.3 35.8 41.2 115.3 500.0 -12.7
9150.000 H 1900 | 15 32.1 38.1 8.0 35.9 42.3 130.7 500.0 -11.7
Non harmonics
116.994 \% 90.0 1.2 11.0 13.1 1.7 0.0 25.8 19.4 150.0 -17.8
129.485 \% 2700 | 1.1 9.0 13.8 1.7 0.0 24.5 16.9 150.0 -19.0
258.767 \% 1900 | 15 10.7 12.2 2.6 0.0 254 18.7 200.0 -20.6
408.530 \% 180.0 | 1.9 9.6 15.9 3.1 0.0 28.6 27.0 200.0 -17.4
992.960 \% 270.0 | 1.7 11.3 23.3 5.7 0.0 40.2 102.9 500.0 -13.7
116.994 H 0.0 3.7 12.2 13.1 1.7 0.0 27.0 22.3 150.0 -16.6
129.485 H 180.0 | 35 94 13.8 1.7 0.0 24.9 17.7 150.0 -18.6
408.530 H 1900 | 2.8 8.0 15.9 3.1 0.0 27.0 224 200.0 -19.0
992.960 H 180.0 | 2.6 8.1 23.3 5.7 0.0 37.0 71.2 500.0 -16.9
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Table 8: Radiated Emission Test Data (Restricted Bands), Center Channel

SA

Frequency | Polarity Az Iﬁ‘gr]]rt\t Level é) nrtr ?;?)tr):f égﬁ CL:(?\';;I. (ng\gl. Limit Margin

(MHz) RV Deg |y | QP mim) | (dB) | (@B) | @Buvim) | uvim) | VM) | (@B)

(dBuv)

Peak
2781.000 \% 90.0 2.7 50.0 29.6 2.6 355 46.8 218.8 | 5000.0 -27.2
3708.000 \Y 270.0 | 2.6 50.8 30.8 4.2 35.3 50.5 335.9 | 5000.0 -235
4635.000 \% 45.0 2.5 45.8 32.2 5.0 35.6 47.4 233.9 | 5000.0 -26.6
7416.000 \% 0.0 2.3 43.0 37.1 6.4 35.6 50.9 349.4 | 5000.0 -23.1
8343.000 \% 180.0 | 2.3 45.0 375 7.4 35.8 54.1 508.7 | 5000.0 -19.9
9270.000 \Y 180.0 | 24 435 38.3 8.0 35.9 53.8 491.2 | 5000.0 -20.2

Avg
2781.000 \% 90.0 2.7 43.7 29.6 2.6 355 40.5 105.6 500.0 -13.5
3708.000 \% 270.0 | 2.6 455 30.8 4.2 35.3 45.2 181.8 500.0 -8.8
4635.000 \Y 45.0 2.5 345 32.2 5.0 35.6 36.1 63.7 500.0 -17.9
7416.000 \% 0.0 2.3 334 37.1 6.4 35.6 41.3 115.7 500.0 -12.7
8343.000 \% 180.0 | 2.3 32.0 375 7.4 35.8 41.1 113.9 500.0 -12.9
9270.000 \% 180.0 | 2.4 31.8 38.3 8.0 35.9 42.1 127.7 500.0 -11.9

Peak
2781.000 H 0.0 2.4 51.5 29.6 2.6 355 48.3 260.0 | 5000.0 -25.7
3708.000 H 0.0 2.2 50.2 30.8 4.2 35.3 49.9 311.3 | 5000.0 -24.1
4635.000 H 90.0 2.4 45.3 32.2 5.0 35.6 46.9 220.9 | 5000.0 -27.1
7416.000 H 170.0 | 2.3 42.5 37.1 6.4 35.6 50.4 329.8 | 5000.0 -23.6
8343.000 H 0.0 2.4 445 375 7.4 35.8 53.6 480.2 | 5000.0 -20.4
9270.000 H 180.0 | 25 43.7 38.3 8.0 35.9 54.0 500.9 | 5000.0 -20.0

Avg
2781.000 H 0.0 2.4 45.5 29.6 2.6 35.5 42.3 130.3 500.0 -11.7
3708.000 H 0.0 2.2 43.7 30.8 4.2 35.3 43.4 147.3 500.0 -10.6
4635.000 H 90.0 2.4 35.3 32.2 5.0 35.6 36.9 69.8 500.0 -17.1
7416.000 H 1700 | 2.3 31.2 37.1 6.4 35.6 39.1 89.8 500.0 -14.9
8343.000 H 0.0 2.4 315 375 7.4 35.8 40.6 107.5 500.0 -13.4
9270.000 H 180.0 | 25 32.0 38.3 8.0 35.9 42.3 130.7 500.0 -11.7
116.994 \% 1200 | 1.2 12.2 13.1 1.7 0.0 27.0 22.3 150.0 -16.6
129.485 \% 240.0 | 1.1 9.5 13.8 1.7 0.0 25.0 17.9 150.0 -18.5
408.530 \% 190.0 | 2.0 9.4 15.9 3.1 0.0 28.4 26.4 200.0 -17.6
966.040 \% 270.0 | 15 20.3 23.1 5.6 0.0 49.0 280.6 500.0 -5.0
116.994 H 10.0 3.3 11.1 13.1 1.7 0.0 25.9 19.6 150.0 -17.7
129.485 H 190.0 | 3.6 9.6 13.8 1.7 0.0 25.1 18.1 150.0 -18.4
408.530 H 180.0 | 3.0 9.0 15.9 3.1 0.0 28.0 25.2 200.0 -18.0
966.040 H 0.0 2.1 13.7 23.1 5.6 0.0 42.4 131.3 500.0 -11.6
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5.7 Receiver Radiated Spurious Emissions: (FCC Part §15.209, RSS-Gen [7.2.3.2])

The EUT must comply with the requirements for radiated spurious emissions from the receiver. These
emissions must meet the limits specified in §15.209 and RSS-Gen.

5.7.1 Test Procedure

The EUT was placed on motorized turntable for radiated testing on a 3-meter open field test site. The
emissions from the EUT were measured continuously at every azimuth by rotating the turntable.
Receiving antennas were mounted on an antenna mast to determine the height of maximum emissions.
The height of the antenna was varied between 1 and 4 meters. The emissions were measured using the
following resolution bandwidths:

Frequency Range Resolution Bandwidth Video Bandwidth
30MHz-1000 MHz 120kHz >100 kHz
>1000 MHz 1 MHz <30 Hz (Avg.)

5.7.2 Test Summary

The EUT complied with the requirements for receiver radiated emissions FCC 15.209 IC RSS-Gen.
Receiver Radiated Spurious Test Data. The receiver was scanned from 30-2781MHz (3 times the
highest receiver frequency of 927MHz).

Table 9: Receiver Radiated Test Data

SA
Frequency Polarity | Azimuth H'tingth t Level C':Ao nrtll. gi?:,e. ES\ZI' ES\ZI' Limit Margin
(MHz) H/V Degree (m) (QP) (dB/m) (dB) (dBuV/m) (uV/m) (LV/m) (dB)
(dBuv)
39.720 \Y% 190.0 1.0 6.9 13.0 0.9 20.8 10.9 100.0 -19.2
45.320 \ 0.0 1.0 9.8 9.9 1.0 20.7 10.9 100.0 -19.3
85.170 \Y% 270.0 1.2 12.9 1.7 14 22.0 12.6 100.0 -18.0
116.994 \Y% 270.0 1.2 8.5 131 1.7 23.3 145 150.0 -20.3
195.000 \Y% 270.0 1.2 10.6 11.6 2.2 24.4 16.6 150.0 -19.1
258.767 \Y 100.0 1.3 5.6 12.2 2.6 20.3 104 200.0 -25.7
408.530 \Y% 90.0 1.8 124 15.9 3.1 314 37.2 200.0 -14.6
566.309 \Y% 0.0 1.9 11.2 18.5 3.9 33.7 48.2 200.0 -12.4
39.720 H 180.0 4.0 4.3 13.0 0.9 18.2 8.1 100.0 -21.8
45.320 H 0.0 3.8 10.2 9.9 1.0 21.1 114 100.0 -18.9
85.170 H 0.0 3.8 10.7 1.7 14 19.8 9.8 100.0 -20.2
116.994 H 190.0 3.5 5.6 131 1.7 20.4 104 150.0 -23.2
258.767 H 225.0 3.1 7.8 12.2 2.6 22.5 134 200.0 -23.5
408.530 H 340.0 2.5 8.8 15.9 3.1 27.8 24.6 200.0 -18.2
566.309 H 180.0 2.3 9.7 18.5 3.9 32.2 40.5 200.0 -13.9
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5.8 AC Conducted Emissions (FCC Pt.15.207, RSS-Gen [7.2.2])

5.8.1

Requirements

Test Arrangement: Table Top
Compliance Standard: FCC Class B

FCC Compliance Limits
Frequency Quasi-peak Average
0.15 - 0.5MHz 66 to 56dBuV 56 to 46dBpV
0.5 - 5MHz 56dBuvV 46dBuvV
5 - 30MHz 60dBuV 50dBpv

5.8.2 Test Procedure

The EUT was placed on an 80 cm high 1 X 1.5 m non-conductive table above a ground plane.
Power to the EUT was provided through a Solar Corporation 50 ©/50 uH Line Impedance
Stabilization Network bonded to a 3 X 2 meter ground plane. The LISN has its AC input
supplied from a filtered AC power source. Power was supplied to the peripherals through a
second LISN. The peripherals were placed on the table in accordance with ANSI C63.4-2003.
Power and data cables were moved about to obtain maximum emissions.

The 50 Q output of the LISN was connected to the input of the spectrum analyzer and the
emissions in the frequency range of 150 kHz to 30 MHz were measured. The detector function
was set to quasi-peak, peak, or average as appropriate, and the resolution bandwidth during
testing was at least 9 kHz, with all post-detector filtering no less than 10 times the resolution
bandwidth. For average measurements the post-detector filter was set to 10 Hz.

At frequencies where quasi-peak or peak measurements comply with the average limit, no
average measurements need be performed.

At frequencies where quasi-peak or peak measurements comply with the average limit, no
average measurements need be performed. The Conducted emissions level to be compared to the
FCC limit is calculated as shown in the following example.

Example:

Spectrum Analyzer Voltage: VdBuV

LISN dB

CFdB

EdBuV = V dBuV + LISN dB + CF dB

LISN Correction Factor:
Cable Correction Factor:
Electric Field:

Test Data

The EUT complied with the Class B Conducted Emissions requirements. This system runs off of
230VAC. Table 10-11 provides the test results for phase and neutral line power line conducted
emissions.

5.8.3
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Emissions were tested in both “transmit on” and “transmit off “state with the EUT tuned to
915MHz.

As the module is typically powered from DC, the unit was powered via a PRS AC/DC adaptor
Model HP-5V2 (supplied by Axiometric).

Table 10: Conducted Emissions Data, Transmit On
LINE 1 - NEUTRAL

= Level Level Cable LISN Level Level Limit Limit Margin Margin
requency QP Corr
(MH2) QP AVG Loss Corr Corr Avg QP AVG QP AVG
(dBuv) | (dBuv) | (dB) (dB) ©@BuvY) | (dBuv) (dBuv) | (dBuv) (dB) (dB)
0.196 44.1 23.9 10.1 0.4 54.7 34.5 63.8 53.8 -9.1 -19.3
0.294 39.9 21.6 10.3 0.4 50.6 32.3 60.4 50.4 -9.8 -18.1
0.395 43.3 27.2 104 0.2 53.9 37.8 58.0 48.0 -4.0 -10.1
0.588 38.6 21.3 10.5 0.1 49.2 31.9 56.0 46.0 -6.8 -14.1
1.673 36.3 17.5 10.7 0.2 47.2 28.4 56.0 46.0 -8.8 -17.6
3.842 32.6 124 10.9 0.4 43.9 23.7 56.0 46.0 -12.1 -22.3
14.869 28.9 10.1 12.0 1.3 42.2 23.4 60.0 50.0 -17.8 -26.6
LINE 2 - Phase
= Level Level Cable LISN Level Level Limit Limit Margin Margin
requency QP Corr
(MH2) QP AVG Loss Corr Corr Avg QP AVG QP AVG
(dBuv) | (dBuv) | (dB) (dB) @BuY) | (dBuv) (dBuv) | (dBuv) (dB) (dB)
0.196 43.0 29.2 10.1 0.2 53.3 39.5 63.8 53.8 -10.5 -14.3
0.294 40.4 27.3 10.3 0.3 50.9 37.8 60.4 50.4 -9.5 -12.6
0.395 44.3 335 104 0.2 54.9 44.1 58.0 48.0 -3.1 -3.9
0.588 40.3 28.1 10.5 0.1 51.0 38.7 56.0 46.0 -5.0 -7.3
1.673 39.9 23.9 10.7 0.2 50.8 34.8 56.0 46.0 -5.2 -11.2
3.842 34.3 19.0 10.9 0.4 45.6 30.3 56.0 46.0 -10.4 -15.7
14.869 26.6 13.2 12.0 11 39.7 26.3 60.0 50.0 -20.3 -23.7
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Table 11: Conducted Emissions Data, Transmit Off
LINE 1 - NEUTRAL
= Level Level Cable LISN Level Level Limit Limit Margin Margin
requency QP Corr
(MH2) dQP aAVG Ldoss Cijorr Corr Avg dQP c,iA\VG SP A(;/G
(@BuV) | (@BUY) | (@B) | @) | oy | @eayy | @BMV) | (@BuV) | (dB) (dB)
0.196 43.0 20.5 10.1 0.4 53.6 31.1 63.8 53.8 -10.2 -22.7
0.294 40.5 22.7 10.3 0.4 51.2 33.4 60.4 50.4 -9.2 -17.0
0.395 43.8 23.9 10.4 0.2 54.4 34.5 58.0 48.0 -35 -13.4
0.588 37.9 22.3 10.5 0.1 48.5 32.9 56.0 46.0 -7.5 -13.1
1.673 37.9 19.1 10.7 0.2 48.8 30.0 56.0 46.0 -7.2 -16.0
3.842 33.2 14.7 10.9 0.4 44.5 26.0 56.0 46.0 -11.5 -20.0
14.869 28.2 9.4 12.0 1.3 41.5 22.7 60.0 50.0 -18.5 -27.3
LINE 2 - Phase
= Level Level Cable LISN Level Level Limit Limit Margin Margin
requency QP Corr
(MH2) QP AVG Loss Corr Corr Avg QP AVG QP AVG
(dBuv) (dBuv) (dB) (dB) (dBuV) (dBuV) (dBuv) (dBupv) (dB) (dB)
0.196 42.4 23.4 10.1 0.2 52.7 33.7 63.8 53.8 -11.1 -20.1
0.294 43.5 29.2 10.3 0.3 54.0 39.7 60.4 50.4 -6.4 -10.7
0.395 43.1 30.2 10.4 0.2 53.6 40.8 58.0 48.0 -4.3 -7.2
0.588 42.3 25.5 10.5 0.1 52.9 36.1 56.0 46.0 -3.1 -9.9
1.673 38.5 25.0 10.7 0.2 49.4 35.9 56.0 46.0 -6.6 -10.1
3.842 34.8 20.1 10.9 0.4 46.1 314 56.0 46.0 -9.9 -14.6
14.869 30.7 11.1 12.0 1.1 43.8 24.2 60.0 50.0 -16.2 -25.8
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