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[bookmark: _Toc418514261]Summary of Test Results
The equipment under test was found to comply with the test standards and criteria outlined herein. 
	Test Description

	Reference Specification
FCC
	Reference Specification
Industry Canada
	Result
	Comment

	RF Peak Power Output
	FCC Subpart C
15.247(b) (3)

	RSS 210 Issue 8
A8.4(4)
	Complies
	

	Hopping Freq. Separation
	FCC Subpart C
15.247(a)

	RSS 210 Issue 8
A8.1
	Complies
	

	No. Hopping Channels
	FCC Subpart C
15.247(a)(1)(iii)

	RSS 210 Issue 8
A8.1
	Complies
	

	Avg. Time of Occupancy
	FCC Subpart C
15.247(a)(1)(iii)

	RSS 210 Issue 8
A8.1
	Complies
	

	Occupied Bandwidth 6dB Bandwidth
	FCC Subpart C
15.247 (a) (2)
	RSS 210 Issue 8
A8.2(a)
	Complies
	

	Occupied Bandwidth 20dB Bandwidth 
	DA 00-705
	RSS-Gen Issue 3
4.6.1
	Complies
	

	Conducted Spurious Emissions
	DA 00-705
	RSS 210 Issue 8
A8.5
	Complies
	

	Conducted Spurious Emissions 
Band Edge
	FCC Subpart C
15.247(d)
	RSS 210 Issue 8
A8.5
	Complies
	





[bookmark: _Toc418514262]Environmental Conditions
	Description
	Reading

	Testing 

	Indoor Temperature
	

	Indoor Humidity
	

	Outdoor Temperature
	

	Outdoor Humidity
	




[bookmark: _Toc418514263]Standard Test Conditions and Engineering Practices
Except as noted herein, the following conditions and procedures were observed during the testing: 
 
CFR 47, FCC rules Part 15 subpart C, ANSI C63.4 (2003), Public Notice DA 00-705, IC standards RSS-GEN and RSS0210. ANSI C63.4-2003 or later, was used for all test procedures as required by RSS-Gen I3 2010, Section 4.1. Deviations, modification or clarifications (if any) to above mentioned documents are described herein. 

 Measurement results, unless otherwise noted, are worst-case measurements.



[bookmark: _Toc418514264]General Equipment Specifications

	Item
	Description

	Manufacturer
	

	Model Number(s)
	

	Function
	

	Power Supply Input
	

	Max Power Output (dBm) 
	

	Antenna Type/Gain
	

	Channel Spacing (MHz)
	

	Operating Frequency Range
	

	Modulation Mode(s)
	



[bookmark: _Toc418514265]Auxiliary Equipment
	Equipment
	Description

	
	

	
	


[bookmark: _Ref288580027][bookmark: _Toc418514266]Engineering Changes to Production Unit



[bookmark: _Toc418514267]Frequency Hopping Spread Spectrum Adherence
This device complies with the frequency hopping spread section requirements of Industry Canada RSS 210, Section 8.1, Annex 8 and FCC Part 15.247 in the following regard:
0. The system employs pseudo-random channel frequency selection at the relevant hopping rate (mode dependent). An example of the hopping sequence channels is: 58, 53, 34, 43, 6, 5, 44, 23, 27, 12, 49, 10, 41, 25, 55, 46, 33, 54, 26, 24, 42, 35, 8, 20, 14, 19, 9, 50, 32, 47, 60, 29, 17, 3, 22, 45, 56, 52, 59, 48, 13, 21, 4, 7, 36, 16, 30, 40, 11, 28, 61, 38, 2, 18, 15, 37, 62, 1, 39, 31, 51, 57, 0.
0. Each channel is on average, used for an equal amount of time.
0. The system receivers have input bandwidths that match the hopping channel bandwidths of their corresponding transmitters and they shift frequencies in synchronization with the transmitted signals.
0. The system may not employ all available hopping channels during each transmission. However, the system, consisting of both the transmitter and the receiver, is designed to comply with all of the regulations in this section 15.247 and RSS 210 Section 8.1, Annex 8 if the transmitter is presented with a continuous data (or information) stream. 
0. The incorporation of intelligence within a frequency hopping spread spectrum system that permits the system to recognize other users within the spectrum band so that it individually and independently chooses and adapts its hopsets to avoid hopping on occupied channels is permitted. The system does not coordinate frequency hopping in any other manner other than for the express purpose of avoiding the simultaneous occupancy of individual hopping frequencies by multiple transmitters.


[bookmark: _Toc418514268]RF Peak Power Output
	Test Name
	Reference Specification
	Result
	Notes

	RF Peak Power Output
	15.247(b)(3)
A8.4 (4)
	Complies
	


[bookmark: _Toc418514269]Test Method
RSS-Gen Issue 3 4.8 and FCC Publication DA 00-705:

Set RBW		> 20dB BW 
Set VBW 	≥ RBW. 
Set span 	= Approx 5 x 20dB BW 
Sweep time 	= Auto couple 
Detector 	= Peak 
Trace mode 	= Max hold 

Allow trace to fully stabilize. Use peak marker function to determine the peak amplitude level within the fundamental emission. 
[bookmark: _Toc418514270]Notes
N/A
[bookmark: _Toc418514271]Data
	Frequency
(MHz)
	Peak Power (dBm)
	CF (dB)
	Corrected (dBm)
	Limit
(dBm)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc418514272]Plot(s)

Figure 1 - peak output power, low channel

Figure 2 - peak power, Mid channel

Figure 3 - peak power, high channel 


[bookmark: _Toc320188553][bookmark: _Toc418514273]Occupied Bandwidth
	Test Description
	Reference Specification
	Result
	Notes

	Occupied Bandwidth
6dB and 20dB
	15.247(a)
A8.2(a)
4.6.1
	Complies
	


[bookmark: _Toc418514274]Test Method
As per Public Notice DA 00-705. Use the following spectrum analyzer settings: 

Set RBW		= 1-5% of the 20dB BW 
Set VBW 	≥ RBW. 
Set span 	= Approx 5 x 20dB BW 
Sweep time 	= Auto couple 
Detector 	= Peak 
Trace mode 	= Max hold 

Centre analyzer display on a hopping channel.

The EUT should be transmitting at its maximum data rate.  Allow the trace to stabilize.  Use the marker-to-peak function to set the marker to the peak of the emission.  Use the marker-delta function to measure 20 dB down one side of the emission.  Reset the marker-delta function, and move the marker to the other side of the emission, until it is (as close as possible to) even with the reference marker level.  The marker-delta reading at this point is the 20 dB bandwidth of the emission.  If this value varies with different modes of operation (e.g., data rate, modulation format, etc.), repeat this test for each variation.  

Note: The spectrum analyzer automatically calculates the 20dB bandwidth as per the plots. Data for 6dB bandwidth provided for informational purposes only.


[bookmark: _Toc418514275]Data
	Low Channel

	Data Rate
	Modulation
Mode
	20dB Bandwidth (KHz)
	6dB Bandwidth (KHz)

	Data rate #1
	
	
	

	Data rate #2
	
	
	

	Data rate #3
	
	
	



	Mid Channel

	Data Rate
	Modulation
Mode
	20dB Bandwidth (KHz)
	6dB Bandwidth (KHz)

	Data rate #1
	
	
	

	Data rate #2
	
	
	

	Data rate #3
	
	
	




	High Channel

	Data Rate
	Modulation
	20dB Bandwidth (KHz)
	6dB Bandwidth (KHz)

	Data rate #1
	
	
	

	Data rate #2
	
	
	

	Data rate #3
	
	
	





[bookmark: _Toc418514276]Plots
 
Figure 4 - low channel, DATA rate #1 

Figure 5 – Low channel, DATA rate #2

Figure 6 - Low channel, DATA rate #3

Figure 7 - Mid channel, DATA rate #1

Figure 8 - Mid channel, DATA rate #2

Figure 9 - Mid channel, DATA rate #3

Figure 10 - High channel, DATA rate #1

Figure 11 – High channel, DATA rate #2

Figure 12 - High channel, DATA rate #3


[bookmark: _Toc418514277]Conducted Spurious Emissions (20 dB Limit)
	Test Description
	Reference Specification
	Result
	Notes

	Conducted Spurious Emissions
	15.247(c)
A8.5
	Complies
	


[bookmark: _Toc418514278]Test Method
RF conducted spurious emissions as per Public Notice DA 00-705. This section is used to tabulate emissions that do not fall into restricted bands. For restricted band measurements, see the next section.
Use the following spectrum analyzer settings:

Set RBW		= 100 kHz 
Set VBW 	≥ 300 kHz
Set span 	= (1.5*20dB BW for reference level measurement), Zoom in on peaks for emissions 				measurements 
Sweep time 	= Auto couple 
Detector 	= Peak 
Trace mode 	= Max hold 

Measure from the lowest frequency generated in the EUT up through the 10th harmonic.  Typically, several plots are required to cover this entire span. 

Set the marker on the peak of any spurious emission recorded.  The level displayed must comply with the limit specified in this Section.

[bookmark: _Toc418514279]Note(s)
[Include any information here about external attenuation or other test setup specific information].
[bookmark: _Toc418514280]Limits
15.247(c) In any 100kHz bandwidth outside the frequency band in which the spread spectrum intentional radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at least 20dB below that in the 100kHz bandwidth within the band that contains the highest level of the desired power, based on either an RF conducted or a radiated measurement. Attenuation below the general limits specified in 15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as defined in 15.205(a), must also comply with the radiated emission limits specified in 15.209(1) (see 15.205(c)). 


[bookmark: _Toc418514281]Data (Data Rate #1)
	Channel
	Harmonic2 
(dBc)
	Harmonic3 
(dBc)
	Harmonic4 
(dBc)
	Result

	Low
	
	
	
	Complies

	Mid
	
	
	
	Complies

	High
	
	
	
	Complies


[bookmark: _Toc418514282]Data (Data Rate #2)
	Channel
	Harmonic2 
(dBc)
	Harmonic3 
(dBc)
	Harmonic4 
(dBc)
	Result

	Low
	
	
	
	Complies

	Mid
	
	
	
	Complies

	High
	
	
	
	Complies



[bookmark: _Toc418514283]Data (Data Rate #3)
	Channel
	Harmonic2 
(dBc)
	Harmonic3 
(dBc)
	Harmonic4 
(dBc)
	Result

	Low
	
	
	
	Complies

	Mid
	
	
	
	Complies

	High
	
	
	
	Complies






[bookmark: _Toc418514284]Plots 
	[Include plots spanning all relevant frequency ranges, modulation modes and data rates] for high, medium and low channels.
	

	
	

	
	





[bookmark: _Toc418514285]Conducted Spurious Emissions - Restricted Bands
	Test Description
	Reference Specification
	Limit
	Result
	Notes

	Conducted spurious emissions within restricted bands
	15.209

	Above 960MHz
74dBuV/m PK
54dBuV/m AVG

Below 960MHz
46dBuV/m QP
	Complies
	


[bookmark: _Toc418514286]Test Method
All conducted spurious emissions that fall into the restricted bands (defined in 15.205) are measured.  
The conducted measurements are extrapolated to radiated field strength measurements using the formula:
E= EIRP - 20log(D) + 104.8
where D is the measurement distance (3 meters) and
EIRP = Output power (dBm) + antenna gain (dBi).
Settings:
		PK		AVG
Detector:	Peak		Peak
RBW:		See table below	1 MHz
VBW:		>= 3xRBW	10 Hz
Trace Mode:	Max hold	Max hold
Sweep time:	Auto		Auto
RBW Settings (Depends on the emission being measured):
Frequency	RBW
9-150 kHz	200-300 Hz
0.15-30 MHz	9-10 kHz
30-1000 MHz	100-120kHz
>1000 MHz	1 MHz
[bookmark: _Toc418514287]Limits
Radiated emissions which fall in the restricted bands, as defined in 15.205(a), must also comply with the radiated emission limits specified in 15.209(1) (see 15.205(c)).
We will extrapolate the amplitude of emissions in the restricted bands from the conducted measurements.  
Alternatively, the radiated limits are converted back to an equivalent conducted measurement by reversing the equation above. 
Assuming a 0dBi antenna, the limits are:
74dBuV/m = -21.2 dBm (PK detector)
54dBuV/m = -41.1 dBm (AVG detector)
46dBuV/m = -49.1 dBm (QP or PK detector)
(See spreadsheet to re-calculate conducted limits if using an antenna of different gain).
[bookmark: _Toc418514288]Measurements
[bookmark: _Toc418514289]Lower Channel

	Frequency (MHz)
	Detector
	Measurement (dBm)

	CF (dB)
	Corrected 
	Limit (dBm)
	Margin (dB)

	>960MHz
	PK
	
	
	
	-21.2
	

	>960MHz
	AVG
	
	
	
	-41.1
	

	<960MHz
	QP/PK
	
	
	
	-49.1
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



Where CF = Correction Factor (Cable loss, connector/adaptor attenuation, external attenuator)
Corrected (dBm) = Measurement + CF
Limit = Radiated limit converted to conducted limit, factoring in antenna gain and reflection factor (see spreadsheet).
[bookmark: _Toc418514290]Mid Channel
	Frequency (MHz)
	Detector
	Measurement (dBm)

	CF (dB)
	Corrected 
	Limit (dBm)
	Margin (dB)

	>960MHz
	PK
	
	
	
	-21.2
	

	>960MHz
	AVG
	
	
	
	-41.1
	

	<960MHz
	QP/PK
	
	
	
	-49.1
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



[bookmark: _Toc418514291]
Upper Channel
	Frequency (MHz)
	Detector
	Measurement (dBm)

	CF (dB)
	Corrected 
	Limit (dBm)
	Margin (dB)

	>960MHz
	PK
	
	
	
	-21.2
	

	>960MHz
	AVG
	
	
	
	-41.1
	

	<960MHz
	QP/PK
	
	
	
	-49.1
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	





[bookmark: _Toc418514292]Conducted Spurious Emissions Bandedge
	Test Description
	Reference Specification
	Limit
	Result
	Notes

	Band Edge Compliance
	15.247(d)
A8.1
	>20dBc
Above 960MHz
74dBuV/m PK
54dBuV/m AVG

Below 960MHz
46dBuV/m QP
	Complies
	


[bookmark: _Toc416875159][bookmark: _Toc418514293]Test Method
Using the marker-delta described in DA 00-705, an in-band field strength measurement of the fundamental emission using the RBW and detector function required by C63.4 and FCC Rules for the frequency being measured was undertaken. 

A spectrum analyzer span was chosen that encompasses both the peak of the fundamental emission and the band-edge emission under investigation.  The delta measurement is then subtracted from the field strengths measured. The resultant field strengths (CISPR QP, average, or peak, as appropriate) are then used to determine band-edge compliance as required by Section 15.205.

In lieu of an in‑band field strength measurement taken at 3m, with RBW = 1MHz, VBW = 1MHz and in peak detection mode, a conducted measurement of the fundamental was extrapolated to a radiated measurement at 3m using the following formula:
E= EIRP - 20log(D) + 104.8
where D is the measurement distance (3 meters) and
EIRP = Output power (dBm) + antenna gain (dBi).
This was performed on the lowest, medium and highest channels. The highest result was taken as the reference level and the corrected peak fundamental measurement was X dBuV/m.


[bookmark: _Toc416875160][bookmark: _Toc418514294]Limits
15.247(d) In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated intentional radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based on either an RF conducted or a radiated measurement. 
In addition, where the band edge is next to a restricted band, as defined in 15.205(a), spurious must also comply with the radiated emission limits specified in 15.209(1) (see 15.205(c)). 

The radiated spurious limits are:
Above 960MHz
74dBuV/m PK
54dBuV/m AVG

Below 960MHz
46dBuV/m QP
[bookmark: _Toc416875161][bookmark: _Toc418514295]Data
	Frequency (MHz)
	Delta
Measurement (dB)
	Ref Level (dBuV/m)
	Result
(dBuV/m)
	Limits
(dBuV/m)

	
	
	
	
	PK
	AVG

	
	
	
	
	74
	54

	
	
	
	
	74
	54

	
	
	
	
	74
	54

	
	
	
	
	74
	54

	
	
	
	
	74
	54


[bookmark: _Toc416875162][bookmark: _Toc418514296]Notes
[bookmark: _Toc416875163][bookmark: _Toc418514297]
Plots


Figure 13 – Conducted LOWER Band edge 

Figure 14 – conducted upper bandedge



[bookmark: _Toc418514298]Hopping Frequency Separation

	Test Description
	Reference Specification
	Result
	Notes

	Hopping frequency separation
	15.247(a)
A8.1
	Complies
	


[bookmark: _Toc418514299]Limits
Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25 kHz or the 20 dB bandwidth of the hopping channel, whichever is greater.
OR
2.4GHz devices may have hopping channel carrier frequencies that are separated by 25kHz or 2/3 of the 20dB BW, whichever is greater, if output power <125mW.
[bookmark: _Toc418514300]Method
Use the following spectrum analyzer settings:

Set RBW		>=1% of span 
Set VBW 	≥ RBW
Set span 	= Capture >= 2 adjacent channels 
Sweep time 	= Auto couple 
Detector 	= Peak 
Trace mode 	= Max hold 

1. Enable hopping function
2. Allow trace to stabilize
3. Use marker delta function to determine separation.

[bookmark: _Toc320188554]

[bookmark: _Toc418514301]Data
	Test Description
	Limit
	Observed
(MHz)
	Result

	Hopping frequency separation
	
	
	Complies



[bookmark: _Toc320188555][bookmark: _Toc418514302]Plot

Figure 37 - channel separation

[bookmark: _Toc320188557][bookmark: _Toc418514303]
Number of Hopping Channels

	Test Description
	Reference Specification
	Result
	Notes

	Number of hopping channels
	15.247(a)(1)(iii)
A8.1
	Complies
	


[bookmark: _Toc418514304]Limits
Band		Required Channels
2.4 GHz		>=15
5.8 GHz		>=75

For 900 MHz Band see below:
20dB BW	Required Channels
<250 kHz	>=50
>=250kHz	>=25

[bookmark: _Toc418514305]Method
Use the following spectrum analyzer settings:

Set RBW		>=1% of span 
Set VBW 	≥ RBW
Set span 	= Capture >= 2 adjacent channels 
Sweep time 	= Auto couple 
Detector 	= Peak 
Trace mode 	= Max hold 

1. Enable hopping function
2. Allow trace to stabilize
3. Count channels. May need to use more than 1 span.

[bookmark: _Toc320188558]

[bookmark: _Toc418514306]Data
	Test Description
	Limit
	Observed

	Result

	Number of hopping channels
	
	
	Complies



[bookmark: _Toc320188559][bookmark: _Toc418514307]Plot

Figure 38 - Hopping Channels
[bookmark: _Toc320188561]

[bookmark: _Toc418514308]Time of Occupancy (Dwell Time)
[bookmark: _Toc320188562][bookmark: _Toc418514309]Limit
[bookmark: _Toc320188563]15.247 (a)(1)(i)(ii)(iii) and RSS-210 Annex 8(c):

Band		Time of Occupancy
5.8 GHz		<400ms within 30s period
2.4 GHz		<400ms within (400ms*number of channels) period

For 900 MHz Band see below:
20dB BW	Time of Occupancy
<250 kHz	<400ms within 20s period
>=250kHz	<400ms within 10s period
[bookmark: _Toc418514310]Test Procedure
The transmitter output is connected to a spectrum analyzer. 
Use the following spectrum analyzer settings:

Set RBW		= 1 MHz 
Set VBW 	≥ RBW
Set span 	= Zero span mode (centred on one hopping channel) 
Sweep time 	> Time of occupancy
Detector 	= Peak 
Trace mode 	= Max hold 

[bookmark: _Toc320188564]

[bookmark: _Toc418514311]Test Data
[bookmark: _Toc418514312]Data Rate #1
	DH Packet
	Pulse Width (ms)
	Pulse Period (ms)
	Avg dwell time in limit period (ms)
	Limit (ms)
	Margin (ms)

	Smallest
	
	
	
	
	

	Medium
	
	
	
	
	

	Largest
	
	
	
	
	


[bookmark: _Toc418514313]Data Rate #2
	DH Packet
	Pulse Width (ms)
	Pulse Period (ms)
	Avg dwell time in limit period (ms)
	Limit (ms)
	Margin (ms)

	Smallest
	
	
	
	
	

	Medium
	
	
	
	
	

	Largest
	
	
	
	
	


[bookmark: _Toc418514314]Data Rate #3
	DH Packet
	Pulse Width (ms)
	Pulse Period (ms)
	Avg dwell time in limit period (ms)
	Limit (ms)
	Margin (ms)

	Smallest
	
	
	
	
	

	Medium
	
	
	
	
	

	Largest
	
	
	
	
	





[bookmark: _Toc418514315]Plot(s) 
[bookmark: _Toc418514316]Data Rate #1
	
	

	Figure 39 - Packet Size #1

	
	

	Figure 40 - Packet Size #2

	
	

	Figure 41 - Packet Size #3


[bookmark: _Toc418514317]Test Equipment
All applicable test equipment will be calibrated in accordance with ANSI Standard NCSL Z540-1 or other NIST traceable calibration standard. Equipment is calibrated on a 2 year cycle or according to the manufacturer’s recommendations. 

	Manufacturer 
	Description 
	Model 
	Serial Number 
	Ca  Cal/Char Due Date D/M/Y

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




[bookmark: _Toc418514318]
Test Diagrams
[bookmark: _Toc418514319]Conducted RF Test Setup
 (
Transmitter Under Test
Attenuator
Spectrum Analyzer
)
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