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Annex A: Document # 156-90000-891

NAME OF TEST:

RULE PART NUMBER:

UNIT UNDER TEST

SERIAL NUMBER ( S ):

TEST CONDITIONS:

156-90000-891

Emissions limitations and 99% Occupied bandwidth for Dataradio G3 Modem
at 128000 bps 16FSK

90.543

Prototype Gemini 3.5 700/800 MHz

Production Gemini GCU IIIl modem- MAC ID#- 0A99
6085-170 S/N 00007 pilot MDP transceiver — Modulation and ACP compliance

90.543(b) was the standard procedure followed through the test. The instrument
E4401B has Adjacent Channel Power Measure software embedded Channel
Power over BW measurement built-in software.

Standard Test Conditions, 25 C.
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Emissions limitations Dataradio G3 Modem at 128000 bps 16FSK

90.543

MINIMUM STANDARD:Wideband 150kHz mobile transmitter ACCP requirements:

Maximum ACCP
Relative (dBc)

Offset from Center Measurement
requency (kHz) Bandwidth (kHz)

100.... 50 -40
200... 50 -50
300... 50 -50
400... 50 -50
600 to 1000..... 30(swept) -60
1000 to receive band 30(swept) -70
in the receive band 30(swept) -100
TEST RESULTS: Meets minimum standard (see test data on the following pages)
TEST EQUIPMENT: Notch filter tuned before test, characteristic provided
DC Power Supply , Astron Model VS-20M
Attenuators Bird 30dB/150W model 150-SA-MFN-30 and 6dB/5W model 5-A-MFN-06
IFR COM-120B — modulation meter setting IF 30kHz, atten 30dB reading at 30W
Spectrum Analyzer, Model Agilent E4401B
with Adjacent Channel Power Measure software embedded
Agilent PSA/ESA -software for plot captures in Word documents provided by Agilent.
{l:=
Courbardo Tbd
PERFORMED BY: DATE: 05/09/07
Constantin Pintilei
TEST SET-UP:
PC WITH UNIT 30dB/150W NOTCHFILTER |
RANDOM DATA UNDER TEST attenuator one cavity
IFR COM120B 6dB/5SW SPECTRUM
POWER SUPPLY ANALYZER attenuator ANALYZER
Deviation Meter
156-90000-891 Dataradio© FCC submission
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NAME OF TEST: Adjacent Channel Coupled Power (Continued)
Dataradio G3 Modem at 128000 bps 16FSK

TX Data Test Pattern:

The transmit “test data” pattern command produces a 2047 bit pseudo-random pattern. This pattern is generated by
the internal software using the polynomial X''+X°+1 form and a 12-bit shift register. Initial value of the register is
111111111110 (FFE hex). The 2047 bit sequence is repeated thereafter as long is necessary to complete the test
duration . This pattern is applied to the DSP processor data input for encoding and pulse shaping as described
above.

Explanations for the 50kHz wideband mobile transmitter

As per 90.531(c), there are two band segments that are designated for use with wideband emissions. Each of these
wideband segments is divided into 120 channels with a channel size of 50 kHz. Next, the part 90.531(d)(2) reads
that two or three contiguous wideband (50 kHz) channels may be used in combination as 100 kHz or 150 kHz
channels, respectively. Meantime, the specification for ACCP in 90.543 addresses only the 150kHz mobile
transmitter requirements, with no explicit reference to SOkHz or 100kHz mobile transmitter requirements.

For the test purposes the specifications available in 90.543 are considered such that in the 150 kHz band of a three-
channel block each channel can be considered to have its own 50kHz transmitter. In this reading the rule is applied
for the 50kHz transmitter when transmitting on any of the three-combined channels, namely the low, center or high
side channel. Therefore Adjacent Channel Coupled Power has to be measured also for frequency offsets of S0kHz
from the center frequency of the 50kHz channel in use and the restriction of a maximum ACCP less than —40dBc
must be applied for conformity.

156-90000-891 Dataradio© FCC submission
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Reference power in the main channel, (90.534(b)(1))
Settings:150kHz Channel Bandwidth

channel 180, 800.025MHz , data reading at 30W : 7.7 dBm
Total RF power is 30W <> 45dBm. This makes the total attenuation of the setup about 37.3dB. In the set-up there

are two attenuation pads of 30dB and 6dB, cables and connectors RF.
To convert readings of the instrument to absolute power 37.3dB must be added to the reading of the display .

e Agilent  16:18:42 May 4, 2007

R_T IPeakSearch

CH Freg 800 MHz Ttig  Free
Decupied Bandwidth _ Meas Tools *
Marker 800.025300 MHz
Mkré 800.0253 MHz Next Peak
Ref 10 dBm Atten 20 dB N 7.689 dBm
Samp
Log MNext Pk Right
10 = | &
dB/
MNext Pk Left
Center 800 MHz Span 500 kHz Hil SiEieiel
#Res BW 300 Hz VBW 3 kHz Sweep 22.26 s {1501
Occupied Bandwidth Occ BW % Pur 99.00 % | Pk-Pk Search
645.3291 Hz
Transmit Freq Errar 175.637 Hz More
x dB Bandwidth 5990779 Hz* T of2

156-90000-891 Dataradio© FCC submission
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Power Level at frequency offsets <600kHz (90.534(b)(2))

Settings: 150kHz reference Channel bandwidth, 50kHz offset channel bandwidth
RBW=1kHz, Video BW=10kHz, Span=0.85MHz , Sweep = Detector mode: sample
Display resolution (3001 display points)= 283.6Hz ,

Reference level +10dBm, 50kHz channel noise=-69.5dBm

UUT in center channel of the 794-806MHz band: Channel 180, frequency 800.02500 MHz.

frequency Offset (kHz) -400 | -300 | -200 | -100 | -50 0 50 100 200 300 400
Channel Power read -62.1 | -62.3 | -62.3 | -60.6 | -355 | 7.58 | -35.2 | -60.6 | -62.2 | -62.5 | -62.2
dBm

Absolute (dBm) channel | -24.8 | -25.0 | -25.0 | -23.3 | 2.7 44.9 | 3.1 -28.1 | -24.9 | -25.2 | -24.9
power correction 37.3dB
ACCEP (difference) dBc -69.7 | -69.9 | -69.9 | -68.1 | -43.1 | NA -42.8 | -68.2 | -69.8 | -70.1 | -69.7

e Agilent  15:32:83 May 4, 2007 E T I Meas Setup
CH Freg 500 MHz ig  Free A Mumber
Adj Channel Power Averages: 10 10
On Off
Number of Averages 10
Avg Mode
Exp Fepeat
Ref 10 dBm Atten 20 dB
s
L:mp Chan Integ BWY
g 150.000 kHz
10 |1
dB/ '
i Offsets *+
e L iR
Center 800 MHz Span 850 kHz Total Pwr Ref
#Res BW 1 kHz VBW 10 kHz Sweep 1.848 s (3001
Ri> Results  oOffset Freq Ref B dBe LowEr 4pm dee  YPPET 4Bm Optimize
Carrier Power 50.00 kHz 50.00 kHz — -43.14 3556 4287 3529 Fef Lewve|
758 dBm ! 100.0 kHz S0.00kHz — -BS.10 BOE1 -B823 -60.65
150,000 kiz 200.0 kHz S0.00kHz  -569.96 6238 6981 -62.23
' 300.0 kHz S000kHz  -E0.04 H2ETT0AD -62.52 More
400.0 kHz E000kHz  -BO.T1 6293 -BOTE -62.20 1 of 2
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Power Levels at frequency offsets >600kHz (90.534(b)(3)
o frequency offsets between 600kHz and 1000 kHz

Settings

Notch filter: 1cavity, 35dB attenuation on 800.025MHz, attenuation for 600kHz-1MHz offsets between 14dB and
18dB. See a plot of the filter’s characteristic on page 8. Marker 1- 800.025MHz @ -34.8dB, Marker 2 —
800.625MHz @ -18.5dB, Marker 3 — 799.425MHz @ -19.5dB, 1.8MHz/division span

Spectrum analyzer: RBW=30kHz, Span=500kHz (instruments channel power auto-setting), Display resolution
(2001 display points)= 25Hz Detector mode: sample; Instrument’s noise floor for -20dBm reference level
equated to 30kHz channel —100.01dBm/50kHz = -102.0 dBm/30kHz (density noise =147.0dBm/Hz),

Instrument’s dynamic range including the notch attenuation: -20dBm-(-102dBm/30kHz)+34.8dB=116.8dB

Test data:
The capture below has data trace (blue) vs noise trace (red). Data spectrum was swept for the 30kHz channel power
at frequency offsets between 550kHz and 1050KHz. The maximum relative ACCP = -60dBc >-88.5 dBc

Reading PSD | Reading 50khz channel Corrected for 30kHz | Relative ACCP
dBm/Hz power channel power Carrier at 45dBm
Lower -144.30 -97.31 dBm/50KHz -43.5dBm/30kHz -88.5dbc
Upper -145.15 -98.16 dBm/50khz -44.4 db,/30khz -89.4dBc

Calculation 30kHz channel=PSD+45 (correction for 30kHz channel)+18.5 (Notch filter worst case) +37.3 (Set-up
attenuation)

e Agilent  16:23:53 May 8, 2007

R T IFrequhanneI

CH Freq

799.2 MHz

Center Freq
799 250000 MHz

Channel Power

Center 799.2500000 MHz

Start Freq
799000000 MHz
Ref 20 dBm Atten 0 dB
5
L:mp Stop Freg
0 g 799.500000 MHz
Ll CF Step
50.0000000 kHz
Auto han
Freq Offset
Center 799.2 MHz Span 300 kHz 0.00000000 Hz
#Res BW 30 kHz #VBW 1 MHz Sweep 20 ms (2001
. Signal Track
Channel Power Fower Spectral Density on J Off

-97.31 dBm /50.0000 kHz -144.30 dBm/Hz

Frequency sweep —1050kHz to —550kHz

156-90000-891 Dataradio© FCC submission
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4 Agilent  16:55:25 May §, 2007 E T IFrquChanneI
CH Freg g00.5 MHz Trig  Free Center Freq
Channel Power I 300.500000 MHz
Center 800.8000000 MHz
Start Freq
800.550000 MHz
Ref -20 dBm Atten 0 dB
f“mp * Stop Freq
1;9 801.050000 MHz
L CF Step
a0.0000000 kHz
Auto Ian
Freq Offset
Center 800.8 MHz Span 500 kHz 0.00000000 Hz
#Res BW 30 kHz #VBW 1 MHz Sweep 20 ms (2001
Channel Power Fower Spectral Density OnSlgnaI Tracgﬁ
-98.16 dBm /50.0000 kHz -145.15 dBm/Hz

Frequency sweep +500kHz to +1000kHz

156-90000-891 Dataradio© FCC submission
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Frequency sweep —250kHz to +250kHz, 1 cavity notch filter 35dB attenuation on the center frequency.

- Agilent

16:480:48 May 8, 2007

R_T FregiChannel

CH Freq

Channel Power

800 MHz

Trig  Free Center Freq

800.025000 MHz

Center 800.0250000 MHz

Center 800 MHz
#Res BW 3 kHz

Start Freq
799.775000 hMHz
Ref 20 dBm Atten 0 dB
E:mp l Stop Freq
g ik B00.275000 MHz
10 Fi
dB/ M l CF Step
50.0000000 kHz
i y' Auto Man
T AT YR T i | ii1 U "lT
i h||||ll| |.i!u| .I....I.I. n ||“ Wl Freq OffSet

H#VBW 30 kHz

Span 500 kHz 0.00000000 Hz

Sweep 120.8 ms (2001

Channel Powier

Fower Spectral Density

Signal Track

-27.11 dBm /50.0000 kHz

On Off

-74.10 dBm/Hz

Notch filter: 1cavity, attenuation>18dB for

frequency offsets >600kHz Marker 1- 800.025MHz @ -34.8dB,

Marker 2 — 800.625MHz @ -18.5dB, Marker 3 — 799.425MHz @ -19.5dB, 1.8MHz/division span

*1:521 Fud Trans Log Mag 5.0 dB/ Ref -20.00 dB cC? HAROCORY
F2: 0ff
dE Mgasl:Mkr3  7939. 425 MHz Start
—13. 492dE
O——
_‘_‘__'_‘——-_
T Abort
-5 [
=
_ \ pd Jelect
10

\ / Copy Fort
-15 A Oefine
\% ( FCLS

1w d
\ r Oefine
s Frinter
\ / Oefine
-30 Flotter
—ag U O=fine
LP Hardcopy

—40

Start 788.000 MHz
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o frequency offsets between 1000kHz and the uppermost receive frequency (776 MHz)

Notch filter: 1cavity, 35dB attenuation on 800.025MHz, attenuation for IMHz offset to 794MHz decreases between
14dB and 2.6dB. The attenuation from 794MHz to 776MHz decreases between 2.6dB and 0.4db See a
plot of the filter’s characteristic on page 11. Marker 1-764.0MHz @ -0.4dB, Marker 2 — 776.0MHz @ -
0.4dB, Marker 3 — 794MHz @ -2.6dB, 4.0MHz/division span

Spectrum analyzer: RBW=30kHz, VBW 1MHz, Display resolution (2001 display points)= 21kHz Detector mode:
sample; Instrument’s noise floor for -20dBm reference level equated to 30kHz channel -
100.01dBm/50kHz = -102.0 dBm/30kHz (density noise =-147.0dBm/Hz)

Instrument’s dynamic range including the notch attenuation: -20dBm-(-102dBm/30Hz)+35dB=117dB

The capture below has current data trace in Sample mode (blue) vs reference noise trace in Peak Hold mode (red)
and vs data trace in Peak Hold Mode (green).

Marker 1- reads marker’s noise PSD on blue trace,

Marker 2- reads absolute power on data trace in Peak hold; the notch is connected to the set-up

Marker 3 — reads marker’s noise PSD on data trace in Peak hold; the notch is connected to the set-up

Marker 4 — reads marker’s noise on instrument’s default noise, no input.

There are no products exceeding instruments’s noise floor.

Calculation 30kHz channel=-147.0+45 (correction for 30kHz channel)+14 (Notch filter worst case at 799mhz)
+37.3 (Set-up attenuation) = -50.7dBm

ACCP=-50.7dBm - 45dBm (30W output power reference) = -95.7dBc

The value required for maximum absolute ACCP =70dBc/30kHz bandwidth. >--95.7dBc

=t Agilent  17:19:08 May 8, 2007 E T Freq/Channel
Mkr3 800.04 MHz
Ref -20 dBm Atten 0 dB Noise -128.8 dBm(1Hz) Certer Freq
f‘""" e ~ | 785.000000 MHz
og
10
dB/ - Start Freq
764.000000 MHz
Stop Freg
) ~ 806.000000 MHz
nnrq;!- 1;"1|_r|l1' f #1|“Ti!ﬂ j 1|" AN A A R R CF Step
R
. ' ' i 4 20000000 MHz
L ||||l| || |||||'||||i|| ||||||II||||||| Autg Mar
Start 764 MHz Stop 806 MHz
#Res BW 30 kHz #VBW 1 MHz  Sweep 101.5 ms (2001 pts) Freq Offset
Ml adier Trace Type X Peis Amplitude 0.00000000 Hz
1 01 Frag 785.00 MHz -164.4 dBm(1Hz)
p. <)) Freq £00.04 MHz -27.34 dBm
3 (3] Frag 500.0 MHz 1288 dBmi1Hz) Signal Track
4 (2 Frag 785.00 MHz -135.3 dBm(1Hz) an Off

e ————————————————————————
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e  Coupled Power in receiver channels (764-776 MHz)

Notch filter: Icavity, 35dB attenuation on 800.025MHz.. The attenuation from 764MHz to 776MHz varies
decreases between 0.3dB and 0.4db See a plot of the filter’s characteristic on page 11. Marker 1-
764.0MHz @ -0.4dB, Marker 2 — 776.0MHz @ -0.4dB, Marker 3 — 794MHz @ -2.6dB, 4.0MHz/division
span

Spectrum analyzer: RBW=30kHz, VBW 1MHz, Display resolution (2001 display points)= 21kHz Detector mode:
sample; Instrument’s noise floor for -20dBm reference level equated to 30kHz channel -
100.01dBm/50kHz = -102.0 dBm/30kHz (density noise =147.0dBm/Hz)

Instrument’s dynamic range including the notch attenuation: -20dBm-(-102dBm/30Hz)+35dB=117dB

The capture below has current data trace in Sample mode (blue) vs reference noise trace in Peak Hold mode (red)
and vs data trace in Peak Hold Mode (green).

There are no products exceeding instruments’s noise floor.

Calculation 30kHz channel=-147.0+45 (correction for 30kHz channel)+ 0.3 (Notch filter worst case) +37.3 (Set-up
attenuation) = -64.4dBm

ACCP=-64.4dBm - 45dBm (30W output power reference) = -109.4dBc

The value required for maximum absolute ACCP =—100dBc¢/30kHz bandwidth. >-109.4dBc

Mkr3 B800.04 MHz
Ref 20 dBm Atten 0 dB Noise -128.8 dBm(1Hz)
Samp 7S Center Freq
i * 785.000000 MMHz
Log [
10
dB/ - Start Freq
764.000000 MHz
3 Stop Freg
Start . v 1 ., || ©08.000000 MHz
A T R P O R P P A s e g
(R VEAVIN AN N AN .
UL ITE BT T e——
ML ] IREN | I 20 Man
Start 764 MHz Stop 806 MHz
#Res BW 30 kHz #VBW 1 MHz  Sweep 101.5 ms (2001 pts) Freq Offset
Ml ater Trace Type X Pz Amplitude 000000000 Hz
1 (1 Freq 785.00 MHz -164.4 dBmi1 Hz)
2 (3 Freq 200.04 MHz 2724 dBm _
3 (3 Freq 50004 MHz 128 8 dBmi1Hz) Signal Track
4 (21 Freq 785.00 MHz -135.3 dBmi1 Hz) O Off

e — —
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Notch filter 1 cavity from . Center frequency 800.025 attenaution 34.8dB (not on the plot display). Marker 1-
794.0MHz @ -2.6dB, Marker 2 — 776.0MHz @ -0.4dB, Marker 3 — 799.425MHz @ -19.5dB, 4.0MHz/division

span
*1:521 Fud Trans Loo Mag 1.0 dBf Ref 0. 00 dB C?
B2: OFF |
e i Mdas1:Mkr1  764. 000 MH
dB [= = =3 ™ . =
1 o ~0. 390dB
- ™
-3 oY
. \\
_D \
_3 \

Start #59.000 MHz
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Authorised bandwidth — 99% occuped bandwidth data (90.543(d))

The proposed change does not change modulation techninques in terms of pulse shape (Squared Root

Raised Cosine) or modulation techniques (16FSK, 8FSK or 4FSK). The difference comes from the symbol rate
that was increased to 32000bps to accommodate the spectral efficiency required for channels of 50kHz

The deviation setting requires an initial deviation adjustment using a reference tone of 1kHz. Keeping this

reference for data deviation, random data deviation reading is recorded for the test purposes. On the deviation

meter of the IFR COM 120B the IF is set to 30kHz.

Overall the digital modulations proposed in 700 MHz band are:

Page 12 of 13

Bit levels | Symbol | Pulse shape and modulation | Acronyms/ factor / Deviation | Occupied
rate | FSK | rate type 3dB cutoff frequency | data/tone | Bandwidth

128 16 32000 | Squared Root Raised Cosine 16 | SRRC16FSK 0a=0.4 | £7.6 KHz | 27446Hz
Kb/s bauds | Levels Frequency Shift Keying 16000Hz + 5.4 KHz

96" 8" 32000 | Squared Root Raised Cosine 16 | SRRCI6FSK a=0.4 | +7.5KHz | 27671Hz
Kb/s bauds | Levels Frequency Shift Keying 16000Hz + 5.4 KHz

64" 4 32000 | Squared Root Raised Cosine 16 | SRRCI16FSK 0=0.4 | +7.8 KHz | 27671Hz
Kb/s bauds | Levels Frequency Shift Keying 16000Hz +4.7KHz

") subset of 16FSK modulation scheme

Plot capture for 99% OCBW of 128kbps 16FSK

- Agilent  16:16:15 May 4, 2007 R T I Meas Setup
CH Freg 800 MHz Awvg Mumber
Dccupied Bandwidth 10
Cn off
Center 800.0250000 MHz
Avg Mode
Exp Repeat
Ref 10 dBm Atten 20 dB
Lok X Max Hold
On Oiff
10 sH %<
dB/ "

f{ Ty Occ BW % F
¥ 99.00 %
h‘LF'

A " MKl L2 L € e 5 ot CBW Spa
Center 800 MHz Span 500 kHz 500.000000 kHz
#Res BW 300 Hz VBW 3 kHz Sweep 22.26 s (1501
Occupied Bandwidth Occ BW % Pwr  99.00 % PR
27.4462 kHz
Transmit Freq Error £16.802 Hz Optimize
x dE Bandwidth 32.338 kHz Ref Level
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A OCBW plot for all three subsets of modulation (16FSK, 8FSK and 4FSK) is provided below. For this capture the

RBW was set to 1kHz to allow faster sweeps and the peak hold mode capture was ran over more traces

i Agilent  16:08:04 May 4, 2007 R T I Meas Setup
CH Freg 800 MHz Trig  Free Avg MNumber
Dccupied Bandwidth _ SE
RBW 1.000000000 kHz —
Avg Mode
Exp Repeat
Ref 10 dBm Atten 20 dB
Peak
Mlax Hold
Log rdh.os on of
10 > V€
dB/ - ",
) L Dcc BW S P
o i 599.00 %
AP P S e e P S B—
OBWY Spa
Center 800 MHz Span 500 kHz | 500000000 kHz
#Res BW 1 kHz #VBW 30 kHz Sweep 1.087 s (501
. . o o ¥ dB
Occupied Bandwidth Occ BW % Puwr 99.00 % TR
27.6708 kHz
Transmit Freq Errar 833.781 Hz Optimize
% dB Bandwidth 37.056 kHz Ref Level
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