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Summary

Tests for compliance with FCC Regulations Part 15, Subpart C, and Industry Canada RSS-210/GEN,
were performed on Sirius XM SDARS Signal Repeater.

In testing completed on March 10, 2009, the device tested met fundamental emission limits by 1.7
dB, band edge limits by more than 4.5 dB, and harmonic limits by more than 10.5 dB. Radiated spurious
emissions meet the FCC/IC Class B limit by more than 1.6 dB. AC power line conducted emissions meet
the FCC/IC Class B limit by more than 4.6 dB.
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1 Introduction

Sirius XM SDARS Signal Repeater was tested for compliance with FCC Regulations, Part 15, adopted
under Docket 87-389, April 18, 1989 as subsequently amended, and with Industry Canada RSS-210/Gen,
Issue 7, June 2007. The tests were performed at the University of Michigan Radiation Laboratory Willow
Run Test Range following the procedures described in ANSI C63.4-2003 "Methods of Measurement of
Radio-Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to
40 GHz" and the document, "FCC Regulatory Requirements for Design and Sale of SDARS In-Home
Repeater v.2.3" The Site description and attenuation characteristics of the Open Site facility are on file
with FCC Laboratory, Columbia, Maryland (FCC Reg. No: 91050) and with Industry Canada, Ottawa,
ON (File Ref. No: IC 2057A-1).

2  Test Equipment Used

The pertinent test equipment commonly used in our facility for measurements is listed in Table 2.1 below.
The middle column identifies the specific equipment used in these tests. The quality system employed at
the University of Michigan Radiation Laboratory Willow Run Test Range has been established to ensure
all equipment has a clearly identifiable classification, calibration expiry date, and that all calibrations are

traceable to national standards.

Table 2.1 Test Equipment.

Test Instrument Used Manufacturer/Model Q Number
Spectrum Analyzer (9kHz-26GHz) X Hewlett-Packard 8593E, SN: 3412A01131 HP8593E1
Spectrum Analyzer (9kHz-6.5GHz) X Hewlett-Packard 8595E, SN: 3543A01546 JDB8595E
Power Meter Hewlett-Packard, 432A HP432A1
Harmonic Mixer (26-40 GHz) Hewlett-Packard 11970A, SN: 3003A08327 HP11970A1
S-Band Std. Gain Horn S/A, Model SGH-2.6 SBANDI
C-Band Std. Gain Horn X University of Michigan, NRL design CBANDI
XN-Band Std. Gain Horn X University of Michigan, NRL design XNBANDI
X-Band Std. Gain Horn X S/A, Model 12-8.2 XBANDI
X-band horn (8.2- 12.4 GHz) Narda 640 XBAND2
X-band horn (8.2- 12.4 GHz) Scientific Atlanta, 12-8.2, SN: 730 XBAND3
K-band horn (18-26.5 GHz) FXR, Inc., K638KF KBAND1
Bicone Antenna (30-250 MHz) X University of Michigan, RLBC-1 LBBICI
Bicone Antenna (200-1000 MHz) X University of Michigan, RLBC-2 HBBICI
Dipole Antenna Set (30-1000 MHz) X University of Michigan, RLDP-1,-2,-3 UMDIPI
Dipole Antenna Set (30-1000 MHz) EMCO 3121C, SN: 992 (Ref. Antennas) EMDIPI
Active Rod Antenna (30 Hz-50 MHz) EMCO 3301B, SN: 3223 EMRODI
Active Loop Antenna (30 Hz-50 MHz) EMCO 6502, SN:2855 EMLOOPI
Ridge-horn Antenna (300-5000 MHz) X University of Michigan UMRHI
Amplifier (5-1000 MHz) X Avantek, Al11-1, A25-1S AVAMPI
Amplifier (5-4500 MHz) X Avantek AVAMP2
Amplifier (4.5-13 GHz) X Avantek, AFT-12665 AVAMP3
Amplifier (6-16 GHz) Trek TRAMPI
Amplifier (16-26 GHz) Avantek AVAMP4
LISN Box X University of Michigan UMLISNI
Signal Generator Hewlett-Packard 8657B HPSG1
Vector Signal Generator (XM Gen.) X Rhode & Schwarz SMU200 RSSMU200
Vector Signal Generator X Rhode & Schwarz SMIQO03B RSSMIQ
1Q Modulator (Sirius IQ for SMIQ03B) X Rhode & Schwarz AMIQ RSAMIQ
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3  Configuration and Identification of Device Under Test

The Device Under Test (DUT) is a 902-928 MHz Downconverter-Transceiver. The device demodulates
the incoming band (centered at 2338.75 MHz) to 1Q and employs that IQ in modulating its 915 MHz
carrier in the 902-928 MHz ISM band. The size of the DUT is 2.5(W) x 4(H) x 4(D) inches. During
testing, an XM satellite signal generator was employed to generate the XM signals that were directly
injected into the external antenna input jack. A vector signal generator with IQ modulator was employed
to generate the SIRIUS satellite radio stimulus per the specified test procedure (see Section 5 of this
report). Nominal operating voltage is 115 VAC.

The DUT is designed and manufactured by Sirius XM, 1500 Eckington PL NE, Concourse Level,
Washington, DC 20002.

3.1 Variants & Modes of Operation

There is only a single version of this device. The device provided is capable of both short-term battery
operation (30 minutes) via a 9 VDC battery and continuous operation using an AC-DC 5V wall adapter.
The battery mode is implemented to allow a user to determine a location with good satellite/terrestrial
signal before AC power must be applied. In testing, worst case emissions were observed with the device
operating from the wall adapter and are fully reported herein.

3.2 Changes Made to the DUT
No changes were made to the DUT by this test laboratory.

3.3 [External Device Photos

Refer to separate Photo Exhibit file for this unit.
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3.4 Internal Device Photos

Refer to separate Photo Exhibit file for this unit.
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4  Emission Limits

4.1 Radiated Emission Limits (FCC 15.249, 15.209; IC RSS-210e:A2.9)

The DUT tested is a 902-928 MHz ISM band transmitter, subject to FCC 15.249 and IC RSS-210e A2.9
and all other sections referred to therein. The applicable critical testing frequencies with corresponding
emission limits are given in Tables 4.1 and 4.2.

Table 4.1. Radiated Emission Limits (Ref: FCC: 15.249; IC: RSS-210e A2.9)

Frequency (MHz) Field Strength of Field Strength of
Fundamental (mV/m) Harmonics (1V/m)
902 - 928 50 500

1) Field strength limits are specified at a distance of 3 meters.

2) Emissions radiated outside of the specified frequency bands, except for
harmonics, shall be attenuated by at least 50 dB below the level of the
fundamental or to the general radiated emission limits in Section 15.209
(Class B), whichever is the lesser attenuation.

3) Peak field strength of any emission above 1GHz shall not exceed the
maximum permitted average limits specified above by more than 20 dB
under any condition of modulation.

Table 4.2. Radiated Emission Limits
(FCC: 15.33, 15.35, 15.109/15.209; IC: RSS-210e, 2.7 Table 2)

Freq. (MHz) Class A, Elim dB(uV/m) | Class B, Ejjm dB(uV/m)
30-88 495 40.0
88-216 54.0 43.5
216-960 56.9 46.0
Above 960 60.0 54.0

Note: Average readings apply above 1000 MHz (1 MHz BW)
Quasi-Peak readings apply up to 1000 MHz (120 kHz BW) for PRF > 20 Hz

4.2 Conducted Emission Limits (FCC 15.107)

Table 4.3. Conducted emission limits (FCC 15.107; IC RSS-Gen 7.2.2 Table 2 (CISPR)).

Frequency Class A (dBuV) Class B (dBpv)
MHz uv dBuv uv dBuv
0.150 - 0.50 79 66 66 - 56* 56 - 46*
0.50-5 73 60 56 46
5-30 73 60 60 50

Notes: 1. The lower limit shall apply at the transition frequency

2. The limit decreases linearly with the logarithm of the frequency in the
range 0.15-0.50MHz:

*Class B Quasi-peak: dBpV =50.25 - 19.12*log( )

*Class B Average: dBuV =40.25 - 19.12*log( f)

3. 9kHzRBW
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4.3 DUT Stimulus

Since the DUT acts as a downconverter/transceiver, the appropriate input stimulus under which the DUT
must meet the above emission limits must be well defined. These stimuli have been specified in the
document “' FCC Regulatory Requirements For Design and Sale of SDARS In-Home Repeater v.2.3" for
both the XM and SIRIUS bands, and are outlined in this section.

4.3.1 Required Test Stimuli

This section outlines a test stimulus equivalent to that agreed to by the FCC in [1]. The full set of
modulation schemes below were tested as prescribed in [1], with minor modification allowing for the use
of a true XM satellite signal generator. As in previous filings, it was determined that a reduced test set,
using only high, middle, and low input power settings for each mode was sufficient to demonstrate
compliance.

Base Stimulus- XM Satellite (XM East):

Base Satellite signal: Input power (@ transmitter input: -66 dBm.
Modulation: QPSK

Bandwidth: 2 x 1.89 MHz

Frequency: 2333.465 MHz & 2344.045 MHz

XM Satellite Stimulus (XM East and XM West):

Satellite signal: Input power (@ transmitter input: -55 to —75 dBm in 5 dB increments.
Modulation: QPSK

Total Bandwidth: 2 x 1.89 MHz

Frequencies: Test @ 2333.465 MHz + 2344.045 MHz, 2335.305 MHz + 2342.205 MHz

XM Terrestrial Stimulus (XM Ter 1 & 2):

Terrestrial signal: Input @ transmitter input: -20 to =70 dBm in 20 dB increments.
Modulation: OFDM (DQPSK carriers)

Total Bandwidth: 2 x 2.98 MHz

Frequency: Test (@ 2337.490 MHz & 2340.020 MHz

Sirius Satellite Stimulus (Sirius Sat 1 only).

Satellite signal: Input power @ transmitter input: -60 to —80 dBm in 5 dB increments.
Modulation: QPSK

Total Bandwidth: 4.2 MHz

Frequency: Test @ 2322.293 MHz

(NOTE: Base stimulus also present)

Sirtus Terrestrial Stimulus (Sirius Ter):

Terrestrial signal: Input @ transmitter input: -20 dBm.
Modulation: OFDM (DQPSK carriers)

Bandwidth: 4.096 MHz

Frequency: Test @ 2326.25 MHz

(NOTE: Base stimulus also present)

Single-Tone Spur Stimulus:

Single-Tone Sweep: -81.6 dBm, swept from 2312 to 2352 MHz in 1 MHz increments.
(Note: Base stimulus also present).
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The following table summarizes the test scenarios and their respective input test stimuli reported. The
figure depicting the SDARS spectrum (at the bottom of the page) is used as reference.

Table 5.1 Table of Radiated Test Stimuli [1]

Test Scenario Stimuli
5D XM East Base Stimulus: -66 dBm @ 2333.465 MHz & 2344.045 MHz (QPSK)
(5.2A) XM East Sat. Stimulus: -55 to -75 dBm @ 2333.465 MHz & 2344.045 MHz (QPSK)
(5.2B) XM West Sat. Stimulus: -35 to -75 dBm (@ 2335.305 MHz & 2342.205 MHz (QPSK)
(5.3) Sirius Sat. 1 Stimulus: -60 to -80 dBm @ 2322.293 MHz, SIR QPSK (including (5.1))
(5.4) XM Ter. (Ens. A + B): -20 to -70 dBm @ 2337.490 MHz & 2340.020 MHz, (OFDM)
(5.5) Sir, Terrestrial: -20 dBm @ 2326.250 MHz, (OFDM) (including (5.1))
(5.6) Single Tone Spur: -81.6 dBm @ (2312.0 to 2352.0) MHz (including (5.1))

NOTE: The agreed upon test procedure, as outlined in 2004, detailed that an equivalent to the XM
satellite signal was to be generated using QPSK modulation and would depict the two lower (East Sat +
West Sat; Ensemble A) and two upper (East Sat + West Sat; Ensemble B) satellite channels as distinct
pairings (e.g. one QPSK signal with 3.77 MHz bandwidth for each). This was proposed at the time
because true XM satellite signal generators were not yet available and no one vector signal generator
could represent the actual XM East and XM West satellite pairings. SDARS generators are now available
and generate the XM East and XM West satellite signal pairings as they exist in practice, employing the
same power spectral density (PSD) but transmitting only East or West satellite pairings. Such a generator
is employed in this testing. The East and West signals are tested in 5.2A and 5.2B, respectively, and
represent a worse inter-modulation condition (for out-of-band emissions) that that originally proposed
while exhibiting subjecting the DUT to the same PSD as the original test procedure.

——— ——— Sinus Radio ot XM Radio

Y

'-..: 2 b Llil‘ Sa West Sai
3 o EmsA Era A

» Tetreatriad . West Sat Ear Sm ¥
g ] X Enc B Ems B

I 2322 %] I 1538 430 I 1130297 | 2333403 2338305 PoawTsn 1147 108 734 423
2324 10 1374 30 | 73137 4% 1140070
22m0 1328 3145 01

Frequency, MHz

4.4 Input Signal Discrimination Requirement

The FCC and IC have agreed [1,3] that the DUT is not required to determine if a signal is valid prior to
downconversion and transmission because the input spectrum being repeated resides in the restricted
(SDARS) band. However, the design must meet the emissions limits when energy other than the desired
signal exists at the input, as dictated in the test procedure.

4.5 Supply Voltage Variation

For intentional radiators, measurements of the variation of the input power or the radiated signal level of
the fundamental frequency component of the emission, as appropriate, shall be performed with the supply
voltage varied between 85% and 115% of the nominal rated supply voltage. For battery operated
equipment, the equipment tests shall be performed using a new battery.
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5 Test Procedure and Computations

5.1 Test Procedure: General
Prior to any measurements, all active components of the test setup were allowed a warm-up for a period
of approximately one hour, or as recommended by their manufacturers.

5.2 Test Procedure: Radiated Emissions

5.2.1 Semi-anechoic Chamber Measurements

To familiarize with the radiated emission behavior of the DUT, the DUT was first studied and measured
in a shielded semi-anechoic chamber. In the chamber there is a set-up similar to that of an outdoor 3-
meter site, with a turntable, an antenna mast, and a ground plane. Instrumentation includes spectrum
analyzers and other equipment as needed.

In testing for radiated emissions, the DUT was stimulated as mentioned in the previous section. It
was placed on the test table flat, on its side, or on its end. In the chamber we studied and recorded all the
emissions using a Bicone antenna up to 300 MHz and ridged horn and standard gain horn antennas above
300 MHz. The measurements made in the chamber below 1 GHz are used for pre-test evaluation only.
The measurements made above 1 GHz are used in pre-test evaluation and in the final compliance
assessment. The DUT is testing over three axes. Photographs included in this filing show the indoor
testing of the DUT.

Note 1: For the horn antenna, the antenna pattern is more directive and hence the measurement is
essentially that of free space (no ground reflection). Consequently it is not essential to measure the DUT
for both antenna polarizations, as long as the DUT is measured on all three of its major axis. In the
chamber we also recorded the spectrum and modulation characteristics of the carrier. These data are
presented in subsequent sections. As a general procedure, emissions are first tested using a peak detector.
If the DUT does not meet the quasi-peak (or average) limits via these measurements, quasi-peak (or
average) measurements are then made to demonstrate compliance.

Note 2: In order to meet the output power limits for all input signals (from the XM home antenna), the
repeater transmitter uses active gain controls (AGCs) to limit the output power. Rather than adjusting the
bias condition for amplifiers, the AGC feedback loop uses attenuators. Therefore, the bias condition of
each amplifier does not depend upon the input signal conditions. The maximum power (and harmonic
levels) from the final amplifier occur when the input signal is maximized by a XM terrestrial station. This
was verified in pretesting, and thus worst case harmonic emissions are reported for testing under the
highest level (5.4) XM terrestrial stimuli.

5.2.2 Open Area Test Site (OATS) Measurements

After the chamber measurements, emissions were re-measured on the outdoor 3-meter site at fundamental
and harmonics up to 1 GHz using tuned dipoles and/or the high frequency Bicone. The DUT is testing on
3 axes to determine the worst case emissions. Photographs included in this filing show the DUT on the
Open Area Test Site (OATS).
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5.2.3 Field Computations
To convert the dBm measured to E(dBpV/m) at the test receiver antenna, E(dBpV/m) is computed from

E(dBuV/m) =107 dB + Pr(Reas)(dBm) + Kq — Kg
or E(dBuV/m) = Pr(Re.s)(dBuV) + Kg - Kg

Where Py = power recorded on spectrum analyzer at the distance Ry, dBm or dBuV
Ka = antenna factor, dB/m
Kg = pre-amp gain and/or cable loss, dB

When presenting the data, the highest measured emission at each frequency under all of the possible
orientations is given.

5.3 Test Procedure: Conducted Emissions

The DUT is powered from a standard 120 VAC line via a transformer. No change in conducted
emissions was observed for different operating modes. The results demonstrate emissions from the DUT
operating under test stimuli (5.4).

6 Measurement Results

6.1 Digital Radiated Emissions

Table 6.1. Spurious Radiated Emissions 30 MHz to 1000 MHz. RBW = 120 kHz, VBW>RBW. DUT
meets FCC/IC Class B spurious emissions limits by more than 1.6 dB. Note that in indoor pre-testing (up
to 2.9 GHz), there were no other significant spurious emissions observed. See Figure 6.1

6.2 Radiated Emissions — Peak to Average Ratio

Table 6.2. Measurement distance is 3 m. The DUT demonstrates a quasi-peak to average ratio (f <1000
MHZz) of no less than 3.6 dB and a peak to average emissions ratio (f > 1000 MHz) of no more than 13.1
dB for all modes tested.

Table 6.2 Worst Case QPk and Avg. Values Relative to Pk.

Test Scenario Quasi-Peak (dB) Average (dB)
5.1 -4.6 -11.0
52A -4.6 -11.0
52B -4.7 -10.8
53 -3.6 -10.3
54 -4.7 -13.1
5.5 -4.8 -11.1

5.6 0.0 (CW Spur) 0.0 (CW Spur)

6.3 Radiated Emissions — Fundamental and Band Edges

Figures 6.2-6.5. Fundamental and Band Edge Radiated Emissions: 902 — 928 MHz (only the worst case
plot for each type of stimuli is provided). 120 kHz RBW, VBW > RBW for f <1 GHz, | MHz RBW,
VBW=>RBW for f> 1 GHz; measurement distance is 3 m. (Pk > QPk where applicable. Limits are
Quasi-Peak Limits.) Outdoor measured data is reported in Table 6.3(a-c). Figures 6.2-6.5 are noise-floor
limited, but show no emissions in restricted bands for all modes of operation. The DUT meets the
fundamental emissions limits by 1.7 dB, and the restricted band emissions limits by 4.5 dB in the worst
case.
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6.4 Radiated Emissions — Harmonics
Harmonic Radiated Emissions: 1 MHz RBW,10 kHz VBW; measurement distance is 3 m. All emissions
reported in Table 6.3(c). The DUT meets the harmonic emissions limits by more than 10.5 dB.

6.5 Conducted Emissions
Figures 6.5-6.6. Worst case conducted emissions. 9 kHz RBW, VBW > RBW. The DUT meets
conducted emissions limits by more than 4.6 dB. All emissions reported in Table 6.4.

6.6 Effect of Supply Voltage Variation

The DUT is designed to operate on 120 VAC. The relative radiated emissions and frequency were
recorded at the fundamental as the supply voltage was varied from 85 to 135 VAC. Figure 6.7 shows the
emission power variation. Current at 115.0 VAC was 19.2 mA.

The University of Michigan
Radiation Laboratory
3228 EECS Building

Ann Arbor, MI 48109-2122
Tel: (734) 764-0500
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Table 6.1 Highest Digital Radiated Emissions Measured

Sirius XM: FCC/IC Class B

Freq. | Ant. Ant. Pr Det. Ka Kg E3 E3lim | Pass
#| MHz | Used | Pol. | dBm | Used | dB/m | dB |dBpV/m|dBuV/m| dB Comments
1 527 Bie | V -66.7 | Pk 88 | 258 | 233 | 40.0 16.7 [background
2| 527| Bic H [-800| Pk | 88 [ 258 | 100 | 40.0 | 30.0 |noise B
1B 639 Bic | H -73.7| Pk 78 | 256 | 155 40.0 24.5 |noise - B
4| 39| Bic | v |-622] Pk | 78] 256 | 270 | 400 | 13.0 |background
5| 860 Bic v | -678] Pk 77 | 253 | 216 | 400 | 184 |background
6| 122.8 Bic H -74.1 Pk 10.2 | 247 18.4 43.5 25.1 |background
7| 1228] Bic | H [-777] Pk [ 102 | 247 | 148 | 435 | 287 |noise B
8| 1616 Bic | v [-739] Pk | 132 | 241 | 223 [ 435 | 212 |background -
9] 161.6| Bic H -719.2 | Pk 13. 24.1 17.0 | 435 26.5 |[noise
(10| 2342| Bic | H 813 | Pk 14.7 | 23.2 172 | 46.0 | 28.8 Inoise
11| 2342| Bic V | -826| Pk | 147 | 232 15.9 46.0 | 30.1 [noise -
12| 898.7 | SBic H =743 | QPk [ 292 | 176 | 444 46.0 1.6 |Intermod. Product®
131 931.0 SBic A =771 1 QPk | 29.9 17.4 42.3 46.0 3.7 |Intermod. Product®
14 9310 | sBic | H |[-805| QPk | 299 | 174 | 389 | 460 [ 7.1 |Intermod. Product*
15| 931.0 | SBic V | -812 | QPk | 299 | 174 382 | 46.0 | 7.8 [Intermod. Product*
| 16
17{ — .
18 |* Intermodulation product observed for stimulus 5.2A (-35 dBm input)
19 N '
20 B
21 1T 1 1 ]
22
23 B
24 -
25
26|
27
28
29
30 o -
3] = S—
2| i
- " =]
34 [Note:  Worst case emissions measured. No observéd';:hange to digital emissions
35 for different modes of operation. S -
6| . e
37 B | -
38
39 )
o T1Tt—1T1t—t—1—
41 )
42
43 | - )
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Table 6.3(a) 15.249 (902-928 MHz ISM Band)

Radiated Emissions

Sirius XM Repeater; FCC/IC

Freq. Ant. Ant. Pr. Det. Ka Kg E3 | E3lim | Pass*
# | MHz Used Pol. dBm | Used | dB/m dB |dBpV/m|dBpV/m| dB Comments
1 |(5.1) XM Sat. Base Stimulus; -66 dBm (@ 2333.465 MHz & 2344.045 MHz (QPSK)
21 9094 SBic H -27.1 Pk 29.4 17.4 91.9 94.0 2.1
3| 9094 SBic V -29.0 Pk 294 17.4 90.0 94.0 4.0 -
41 900.6 SBic H/V -79.4 QPk 29.2 17.5 394 46.0 6.6 |lower band edge, noise
| 5| 9285| SBic H/V | <795 | QPk | 298 | 173 | 40.0 | 46.0 6.0 |upper band edge, noise
6
7 1(5.2A) XM Sat.. East Stimulus; -55 dBm (@ 2333.465 MHz & 2344.045 MHz (QPSK)
|8 [ 9094] sBic H [-277] Pk [ 294 [ 174 [ 913 [ 940 | 27 [
9| 9094 SBic v -28.7 Pk 294 17.4 90.3 94.0 3.7
| 10| 901.1 SBic H/V | -80.0 | QPk 29.2 17.5 388 46.0 7.2 |lower band edge, noise
11| 9288 SBic H/V | -81.5 | QPk 298 173 [ 38.0 | 460 8.0 |upper band edge, noise
12 ) [
13 |(5.2A) XM Sat. East Stimulus; -65 dBm @ 2333.465 MHz & 2344.045 MHz (QPSK)
14| 9094 SBic H 2272 QPk 294 17.4 91.8 94.0 2.2
15| 9094| SBic v -28.7 QPk 294 17.4 90.3 94.0 3.7
16 902.0| SBic HV [ -79.0 | QPk | 293 | 174 | 398 | 46.0 6.2 |lower band edge, noise
17| 9282 SBic H/V -81.9 QPk 298 173 376 46.0 8.4 |upper band edge, noise
18 -
19 |(5.2A) XM Sat. East Stimulus; -75 dBm (@ 2333.465 MHz & 2344.045 MHz (QPSK)
20| 9094 SBic H =272 QPk 294 17.4 91.8 94.0 22
21| 9094 SBic v -28.8 QPk 29.4 17.4 90.2 94.0 3.8
22| 902.0 SBic H/V | -788 | QPk 293 17.4 40.0 46.0 6.0 |lower band edge, noise
23| 928.0 SBic H/V | -81.2 | QPk | 298 173 383 46.0 7.7 |upper band edge. noise
24
25|(5.2B) XM Sat. West Stimulus; -55 dBm (@ 2335.305 MHz & 2342.205 MHz (QPSK)
26| 9123 SBic H -26.8 QPk 29.5 174 923 94.0 1.7
27| 9123 SBic V -30.2 QPk 295 174 88.9 94.0 5.1
28| 900.8 SBic H/N | 2793 | QPk | 292 17.5 39.5 46.0 6.5 |lower band edge. noise
29| 9284 SBic H/V | -80.2 | QPk 29.8 17.3 393 | 460 | 6.7 |upperband edge, noise
30
31 |(5.2B) XM Sat. West Stimulu; -65 dBm (@ 2335.305 MHz & 2342.205 MHz (QPSK)
32| %123 SBic H -27.3 QPk 29.5 17.4 91.8 94.0 2.2
33| 9123 SBic Vv -29.5 QPk 295 17.4 89.6 940 | 44
34] 900.8| sBic | HV | 796 | QPk | 292 | 175 | 392 | 460 | 638 |lower band edge. noisc
35| 9284 SBic H/V | -812 | QPk | 298 173 | 383 | 46.0 7.7 |upper band edge. noise
36 - - I I VU —— SPSENL 1
37 |(5.2B) XM Sat. West Stimulus; -75 dBm @ 2335.305 MHz & 2342.205 MHz (QPSK)
38 9123] SBic H | 279 QPk | 295 | 174 | 912 | 940 | 28
39| 9123 SBic V -29.3 QPk 295 17.4 89.8 94.0 42
40| 900.8 SBic H/V -782 | QPk 29.2 17.5 40.6 46.0 5.4 |lower band edge. noise
41| 9284 SBic CH/V | -80.5 | QPK 298 | 173 | 39.0 46.0 7.0 |upper band edge, noise
42
43
44
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Table 6.3(b) 15.249 (915 MHz ISM Band)

Radiated Emissions Sirius XM Repeater; FCC/IC
Freq. | Ant Ant, Pr. Det. Ka Kg E3 E3lim | Pass*
#| MHz | Used Pol. | dBuV | Used | dB/m dB [dBuV/mldBuV/im{ dB Comments
1 |(5.3) Sirius Sat. 1 Stimulus + (5.1); -60 dBm (@) 2322.293 MHz, SIR QPSK
2 909.7 | SBic H -27.0 Pk 294 17.4 92.0 94.0 2.0
3] 909.7| SBic vV -28.8 Pk 294 17.4 90.2 94.0 38
| 4 901.1 | SBic H/V -773 QPk 29.2 17.5 41.5 46.0 4.5 |lower band edge, noise
5| 929.7| SBic | H/V | -796 | QPk | 29.8 173 | 399 | 46.0 6.1 |upper band edge, noise
6 _
7 1(5.3) Sirius Sat. 1 Stimulus + (5.1); -70 dBm (@ 2322.293 MHz, SIR QPSK
8 9097 SBic H -27.7 Pk 29.4 17.4 91.3 940 2.7
9| 9097 SBic Vo] -289 Pk 294 17.4 90.1 94.0 39 o
10 901.1] SBic H/V -78.0 QPk 29.2 175 40.8 46.0 5.2 |lower band edge, noise
11y 9297 | SBic H/V -81.2 | QPk 208 17.3 383 46.0 7.7 |upper band edge, noise
12 o
13](5.3) Sirius Sat. 1 Stimulus + (5.1); -80 dBm @ 2322.293 MHz, SIR QPSK
14] 9097 sBic | H | 279 Pk | 294 [ 174 [ 911 [ 940 | 29
15| 9097 sBic | v | 287 | Pk | 204 | 174 | 903 | 940 | 37
16| 901.1 SBic H/V -78.2 QPk 29.2 17.5 40.6 46.0 5.4 |lower band edge, noise
17| 929.7 _SBic H/V -812 | QPk 29.8 173 38.3 46.0 7.7 |upper band edge. noise
18 ] [
191(5.4) XM Ter. (Ens. -A + B): -20 dBm (@ 2337.490 MHz & 2340.020 MHz, (OFDM)
201 913.7| SBic H -26.8 | QPk 295 174 923 94.0 1.7 .
21| 9137 sBic | VvV | 280 | opk | 205 | 174 | 911 | 940 | 29
22| 9016 | SBic HV | -799 | QPk 292 174 389 46.0 7.1 lower band edge, noise
231 9285 SBic | H/V | -803 | QPk | 298 [ 173 | 392 | 46.0 6.8 |upper band edge. noise
24 B
25| 9137 sBic | H | 279 | Qpk | 205 | 174 | 912 [ 940 | 238
26 B
27](5.4) XM Ter. (Ens. A + B): -40 dBm (@ 2337.490 MHz & 2340.020 MHz, (OFDM)
28| 913.7| SBic H -27.8 QPk 29.5 17.4 91.3 94.0 2.7 =
29| 913.7| SBic V -29.3 QPk 29.5 17.4 89.8 94.0 4.2
30 901.6| SBic | H/V | -80.9 Pk 292 | 174 | 379 | 460 8.1 |lower band edge. noise
31 9285| SBic | H/V | -814 Pk 29.8 | 173 | 381 | 46.0 | 7.9 |upper band edge, noise
32
33|(5.4) XM Ter. (Ens. A + B): -60 dBm (@) 2337.490 MUz & 2340.020 MHz, (OFDM)
34| 913.7| SBic H -28.9 _(3?1( 295 | 174 90.2 94.0 3.8
35| 9137 sBic | v | -275| Pk | 295 | 174 | 916 | 940 | 24
36| 9016 smic | mv | 810 | Pk | 292 | 174 | 378 | 460 | 82 |tower band edge. noisc |
37| 9285 | SBic H/V -80.9 Pk 208 17.3 38.6 46.0 7.4 |upper band edge, noise
38
39/(5.4) XM Ter. (Ens. A + B): -70 dBm @ 2337.490 MHz & 2340.020 MHz, (OFDM)
401 913.7| SBic H -29.7 QPk 29.5 17.4 894 | 940 4.6
41f 913.7) SBic V. [ 289 QPk | 295 [ 174 | 902 | 940 [ 38
42| 901.6| SBic | H/V | -81.1 Pk 29.2 174 | 377 | 46.0 8.3 |lower band edge, noise
43| 9285 | SBic H/V -81.0 Pk 29.8 17.3 38.5 46.0 7.5 |upper band edge. noise
44
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Table 6.3(c) 15.249 (915 MHz ISM Band)

Radiated Emissions

Sirius XM Repeater; FCC/IC

.
)

*AVG measured with RBW = 1 MHz, VBW = 10 kHz. |

Freq. Ant. Ant. Pr. Det. Ka Kg E3 | E3lim | Pass*
# | MHz Used Pol. | dBuV | Used | dB/m dB  |[dBpV/m{dBuV/m| dB Comments
1 [(5.5) Sir. Terrestrial + (5.1): -20 dBm (@ 2326.25 MHz, (OFDM)
2| 9093 SBic H <276 | QPk 29.4 17.4 914 94.0 2.6
3| 9093 | SBic vV -30.2 Pk 29.4 174 | 888 94.0 52 ) |
4 901.1 SBic H/V | -802 | QPk | 292 17.5 38.6 46.0 7.4 |upper band edge, noise
51 9282 SBic H/V | -813 | QPk | 298 173 | 382 | 46.0 7.8 |lower band edge, noise |
6
7 [(5.6) Single Tone Spur: -75.6 dBm (@ 2312 - 2352 MHz x 1MHz (including (5.1)
8| 9063 SBic H/V | -63.1 Pk | 293 17.4 55.8 94.0 38.2
9| 9073 SBic H/V | -44.2 Pk 29.4 17.4 74.7 94.0 19.2
10| 9083 SBic H/V | -339 Pk 294 17.4 85.1 94.0 8.9
11| 9093 SBic H/V | -272 Pk 204 174 | 918 94.0 22
12| 9113 SBic H/V | -329 Pk 294 | 174 86.1 94.0 7.8
13| 9123 SBic H/V | -33.0 Pk 29.5 17.4 86.1 94.0 7.9
14] 9133 SBic H/V | -32.9 Pk 295 | 174 86.2 94.0 7.8
15| 9173 SBic H/V | -353 Pk 29.6 17.4 83.9 94.0 10.1 .
16| 9183 SBic H/V | -364 Pk 29.6 17.4 82.8 94.0 112
17| 9203 SBic H/V | -29.6 Pk 29.6 17.4 89.7 94.0 43
18] 9223 SBic H/V | 422 Pk 29.7 17.3 77.1 94.0 16,9
19| 9233 SBic H/V | -603 Pk 29.7 173 59.0 940 | 349
20| 901.1 SBic H/V | -804 | QPk 292 17.6 42.0 46.0 4.0 [lower band edge. noise
21| 9289 | SBic H/V | -809 | QPk 29.8 17.4 41.0 46.0 5.0 [upper band edge. noise
22
23 |Worst Case spurious + Harmonics: (5.4) XM Ter. (Ens. A + B) at -20 dBm
24| 1830.0 |HomRG| H/V | -856 | Avg 22.1 0.0 | 435 540 | 105 |maxall
25| 27450 |Hom RG| H/V | -687 | Avg | 248 | 258 | 373 | 540 | 167 [maxall
26| 3660.0 |HomRG| H/V | -787 | Avg 27.5 23.8 32.0 54.0 22.0 |max all
27| 45750 | Hom C | H/V | -688 | Avg | 245 | 341 [ 287 | 540 | 253 [maxall
28| 54900 | Hom C | H/V | -689 | Avg 24.8 38.0 249 54.0 29.1 |max all
29)| 64050 | Hom Xn| H/V | -700 | Avg 24.5 38.0 23.5 54.0 30.5 |noise
30| 73200 | HomXn| H/V | -653 | Avg 252 | 368 | 301 54.0 23.9 [max all
31| 82350 | Hom X | H/V | -70.1 Avg | 27.0 36.8 27.1 54.0 26.9 |noise
32[ 91500 | HomX | H/V | 689 | Avg [ 275 368 | 288 | 54.0 | 252 |maxall
33
34
35
6| )
37 )
38 B
39| Note: | It was determined (as explained in the the test report) that the worst case harmonic emissions
40 come during the Xi\/l Terresltrial Stimlulus (5.4) due to its higher input power level.
41
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Table 6.5 Highest Conducted Emissions Measured

Sirius XM:; FCC/IC Class B

Freq. | Line [[Peak Det, dBpV | Pass [| QP Det.. dBuV| Pass || Ave. Det. dBuV | Pass
# | MHz | Side || Vtest = Vlim* | dB* || Vtest | VIim dB Viest Viim dB Comments
1] 014 Lo || 404 563 | 16.0 66.4 n 563 | -
2] 020] Lo 334 53.6 20.2 63.7 ) 53.6
3| 028] Lo || 352 | 508 | 157 60.9 | 508 | -
4] 041 Lo || 402 | 476 74 57.6 47.6 N
51 046 Lo 39.5 46.6 7.1 56.7 | 46.6
6] 047] Lo 36.7 46.4 9.8 | 563 46.4
7| 0.69 Lo || 338 | 460 12.2 56.0 46.0 o
8] 138| Lo Jf 346 | 46.0 | 114} | 560 46.0 s
9] 149] Lo 35.6 46.0 10.4 56.0 46.0
10] 159 Lo 34.2 46.0 | 119 56.0 46.0
11] 184 | Lo || 359 | 46.0 10.1 | 560 46.0
12] 248| Lo 36.5 46.0 9.5 56.0 46.0
13| 16.43 Lo 333 50.0 16.7 60.0 50.0
14
15
16 B
7| oxa| mi fa30 [ se3 | a4l [eea | 56.3
18] 020 Hi 39.5 534 14.0 635 K 53.4
19] 028 | Hi 37.1 50.8 13.8 60.9 ) 50.8
200 041 Hi 42.7 477 5.0 57.7 47.7
21| 046 | Hi 42.1 46.6 46 | | 567 | 466 | i
22| 0.55 Hi 389 | 460 | 7.0 56.0 46.0 o
231 0.61 Hi 38.5 46.0 7.5 56.0 46.0
24| 084| Hi || 389 [ 460 | 71 56.0 I | 460
25| 096| Hi || 370 [ 460 | 90| s60 | |l 46.0 o
26 1.23 Hi 36.5 46.0 9.5 56.0 46.0
271 241 Hi 40.3 46.0 8.7 56.0 46.0
28] 841 Hi §| 360 | 500 | 1404 600 ) |} 50.0
129] 1643 | Hi || 332 | 500 | 372 60.0 | | 500
30
31 o | N
.32 B o
T | _
34
35 - - i -
.36 — et e
37
38 3
.39 ety B " S o i
40 [Note: Worst case emissions measured. No observed change to digital emissions -
4] for different modes of operation.
42 . i &=
40 B .
*Average limit Meas. 03/09/2009; U of Mich.

Since Vpeak == Vap == Vave and if Viestpeak < Vavelim, then Vaplim and Vavelim are met.
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18:20:82 MAR B89, 2089
B9:41

! 118 MAR B89, 2089 MKR 921 MH=z
REF -2Z8.8 dBm #AT @ dB -43.49 dBm
PEAK . - . : : : _ .
LOG : : : : : ; ; : :
16 ......... : ......... : ......... :.........: ......... : --------- .' --------- . --------- : --------- : .......
dB~ ; : : ; ; : : ; :
............................. B
YA SB : : ; : : :
(O 5 U WU SO 2 | R SRS . SRR SN SOOI . S
CORR : 5 : : . 5 Z
START © H=z STOP 2.9088 GHz
#RES BW 128 kHz VBHW 308 kHz SWP 584 msec

Figure 6.1. Emission spectrum of the DUT. The amplitudes are only indicative (not calibrated).

B9:47:i41 MAR B9 . 289

A9:41:18 MAR B89, 28873 MKR 9Z8.58 MH=z
REF 77.8 dBpV #AT 8 dB 26 .84 dBpV
PEAK i 2 : : :

LOG
io
dB/
Marker Trace Type Fregq # Time Amplitude
1 (A2 Freqg 989.98 MH=z 67 .41 dBulW
28 (A2 Freg 988 .68 MH=z 28.83 dBuV
3: (A Freq 928.58 MHz 28,84 dBuV
4: Inactive
CENTER 915.88 MHz SPAN 30.88 MHz

#RES BW 128 kH=z VEW 288 kH=z SHWP 28.8 msec

Figure 6.2. Relative band edge emissions from Semi-anechoic Chamber measurements. Scenario (5.1)
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B9:468:86 MAR B9,

REF —-28.8 dBm

28B9
#AT @ dB

MKR 928.88 MHz
-86.17 dBm

FPEAK

Marker Trace Type

1: €AY Freq
2: (A2 Freq
31 (A Freq
4: Inactive

Freq / Time
989.15 MHz
9681.13 MH=z
928.88 MH=z

Amplitude
-39.37 dBm
-85.98 dEm
-86.17 dBm

CENTER 915.88 MH=z
#RES BW 128 kH=z

B9:51:54 MAR @9,

VBHW 388 kH=z

2889

SPAN 38.88 MHz
SWP 28.8 msec

B9:41:18 MAR B9, 2089 MKR 928B.42 MH=z
REF -38.8 dBm #AT B dB -86.682 dBEm
FPEAK
LOG
ia
dB/

Marker Trace Type

1: (A Freq
' CAY Freq
23t (A) Freq
4t Inactive

Freq ¢ Time
912.38 MHz
988 .83 MHz

928.43 MH=z

fimplitude
-39.45 dBm
-84 .78 dBm
-86.82 dBm

CENTER 915.08 MHz
#RES BW 128 kHz

VEW 388 kH=z

2889

#AT 8 dB

SPAN 28.88 MH=z
SHP 28.8 msec

MKR 929.78 MH=z
-85.51 dBm

18:83:53 MAR 89. 280893
89:41:18 MAR B89,
REF -28.8 dBnm
PEAK 7
LOG
i@
dBs

Marker Trace Tyvpe

1: (A Freq
2: (A Freq
3: (A Freq
4: Inactive

Freq / Time
969.98 MH=z
981 .85 MHz
929.78 MHz

Amplitude
-48,85 dBm
-86.16 dBm
-85.51 dBm

CENTER 915.88 MHz
#RES BW 1206 kH=z

Figure 6.3. Relative band edge emissions from Semi-anechoic Chamber measurements. (top) Scenario

VEBW 288 kHz

(5.2A), (middle) Scenario (5.2B), (bottom) Scenario (5.3)
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B9:28:83 MAR B9, 2889
MKR 928.58 MH=z

REF -22.8 dBm #AT 8 dB -86.27 dBm
FEAK
LOG
18
dB
Marker Trace Type Fregq /7 Time Amplitude

17 (A Freq 912.88 MHz -37.82 dEm

2t (AY Fregq 961 .58 MHz ~-85.95 dEm

3¢ (A Fregqg 928.58 MH=z =86.27 dBm

41 Inactive
CENTER 915.88 MHz SPAN 38.88 MHz

#RES BW 128 kH=z

1@:86:54 MAR B89, 2063
B9:4d:

18 MAR B9, 2689

VBW 588 kH=z

SUP 28.8 msec

MKR 928.28 MHz

REF -28.8 dBm #AT B dB -86.96 dBm

PEAK

LOG

ia

dBs

Marker Trace Type Freq ~ Time fimplitude
1t (A2 Freq 989.38 MH=z -48,32 dBm
20 (A2 Freq 981 .85 MHz -85.72 dBm
3t (A) Freq 928.28 MHz -86.96 dEBEm
4! Inactive

CENTER 915.88 MH=z

#RES BMW 128 kHz

VEW 388 kHz

SPAN 26.88 MH=
SWP 2B.8 msec

Figure 6.4. Relative band edge emissions from Semi-anechoic Chamber measurements. (top) Scenario
(5.4), (bottom) Scenario (5.5).

1@:11:12 MAR B893. 2889
B3:41:18 MAR @9. Zawv39 MKR 928.87 MHz

REF -38.8 dBnm #AT 8 dB -85.65 dBm
FPEAK ; . . 7
LOG
i@
4B/
Marker Trace Tyvpe Freg ¢ Time fmplitude

1t (A Freg 989,38 MHz -37.98 dBm

21 (A Freq 9841 .12 MH=z -85.63 dBm

3t (A Freq 928.88B MH=z -85.65 dBm

4% Inactive
CEMTER 91%5.680 MH=z SPAN 20.88 MHz

#RES BW 128 kH=z

VEBW 288 kH=z

SWP 28.8 msec

Figure 6.5. Relative band edge emissions from Semi-anechoic Chamber measurements. Scenario (5.6).
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11:Z9:88 MAR A9 . 780 11: '-H! B4 MAR 89, 28
A3:41:18 MAR A9, :?vm*! 18128539 MAR B3, 2989 €1:18 MAR 83, zzas 18328139 HAR 23, 2AA3

REF £8.8 dBpv AT 19 dB PG =-19.0 dB REF 8! 8 dBy AT 18 dB PB -19.8 dB

PE&K - FEAX s - 7

LOG

i@

dB/

F:  Freg C‘YH:) ﬂmplk{udo Fk Freq (HHAzZ) Anplitude FL~ Freq (MHz? Anplitcde Fk Freg (MHz? Anplitude

i u. .62 we | & LEEZ FH.92 dBuv 1 €.45 42.85 dBuv | &

z 8,143 -tz as r]P.uU 7 B.E11 38 .48 dBul 2 2.41 48 .26 dBuv | 7

ES A_4@7 42,69 dBEuv | 8 B.Z7H 37 .86 dBu 2 g.41 25.94 dRuv | 8

4 8.203 39.48 dBuVv | 9 B.9%8 36.99 dBuV 14 16.43 23.18 dBuv 9

5 8.835 38,94 dJBuv il@ 1.228 S6.45 dBuV 5 L%}

STAR @ kHz STOP 2.800 HHz START 9.8 & STOP 58.80 MHz
*R.ES BW 3.8 kHz YEBH 3B kHz SHP 73.7 msec #RES BW 9.9 kHz VEWU 2@ kHZ SHWP 1.11 sec

Figure 6.6. AC Conducted Emissions (Stimulus 5.4), HI line; (left) 0-2 MHz, (right) 2-30 MHz

11132:47 HAR 8%,
3

]

11:31:19 *nA

R 83,

L:18 H F BS; ZBBS 1B:28:89 ﬂl‘R 89, 2809 85141118 MAE BE: 255‘3 18:28:399 MAR €9, 2809
REF 8.9 dBp 18 dB P6 -10.8 REF 89.€ diu\u ip dB B -1a @ dJdB
PEAK FERK :
LG LOG &
ie i8
dB/ dB/
“Freq (MHz? Arplitode Fk Fr-oq thz) Anplltude Fik Fres (FKHz) Amplitude Fk  Freq iWkz) Fmplituds
i h.1d2 4@ .38 dBul & a.278 25.16 dBul 1 2.88 94 .84 dBuV &
2 B.412 49 .17 dBuV | 7 1.878 34,63 dBuv 2 8.46 39.52 dBuV | T
3 a.472 26.68 dBuV | 8 i1.587 84,15 dBuV 8 2.48 36.50 dBuV | 8
4 1.826 2£.86 dBuV | 9 8.E86 22.57 dBuV 4 16.43 35.28 dBuv | 3
& 1.492 95.63 dBuV 10 a.198 33.43 dBul 5 i@
START 9.8 kHz STUP 2.808 MHz “THR 9. STOF 38,09 HHZ
#RES EW 3.0 kHz VEW 38 kHz WP 73.7 msec #RES BN 9 B kHz VBH 2@ kkz SHF 1.1 »ec

Figure 6.7. AC Conducted Emissions (Stimulus 5.4), LO line; (left) 0-2 MHz, (right) 2-30 MHz
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Figure 6.8. Relative emission at fundamental (fy) vs. supply voltage (Stimulus 5.4).
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Refer to separate Photo Exhibit file for this unit.
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Refer to separate Photo Exhibit file for this unit.
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