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Uplink-H 1850-1910

BE Keysight Spectrum Analyzer - Swept 54
fociicc : -

[E=mEn =
I nNTl | ALIGN AUTO | 1AM May12, 2016

1] |

Marker 1 1. .
] Trig: Free Run Avg|Hold:>100/100

Start 1.915000 GHz Stop 1.918000 GHz

Ref Offset 0.7 dB
Ref 30.00 dBm -62.545 dBm

RE

Avg Type: Log-Pwr Peak Search

Atten: 40 dB

Mkr1 1.915 114 0 GHz NextPeak

Next Pk Right

Next Pk Left

Marker Delta

R S — | Mkr—RefLvi

#Res BW 100 kHz #VBW 300 kHz Sweep 1.600 ms (4000 pts)

MSG

STATUS

Uplink-L 1850-1910

=GR

>

BE Keysight Spectrum Analyzer - Swept SA&

RE T
RF |

I £ | [ SENSE:INT] [ ALTGN AUTO | 04:35:55 A 6 AT
Marker 1 1.84955888 Avg Type: Log-Pwr TRA : eak Searc

] Trig: Free Run Avg|Hold:>100/100
Atten: 40 dB

PNO: Wide
IFGain:Low

Mkr1 1.849 558 9 GHz NextPeak
e, 5 558 9 Gz

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

S (N EN SN N S 1) RefLvi

Stop 1.850000 GHz

#VBW 300 kHz Sweep 1.600 ms (4000 pts) ;

STATUS

FCC ID: 2AIMOPR-U-C TTRF20.21_V1
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Downlink-H

2110-2155

BE Keysight Spectrum Analyzer - Swept 54
fociicc : .

=GR

(77 | RF |

| ALIGN AUTO

Marker . 157 )5: [

, 1 T1rig: Free Run
Atten: 40 dB

Ref Offset 0.7 dB
Ref 30.00 dBm

Start 2.155000 GHz
#Res BW 100 kHz

MSG

#VBW 300 kHz

Avg Type: Log-Pwr
Avg|Hold:>100/100

NextPeak

Mkr1 2.157 840 2 GHz
-61.737 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Stop 2.158000 GHz
Sweep 1.600 ms (4000 pts)

STATUS

Downlink-L

2110-2155

=GR

BE Keysight Spectrum Analyzer - Swept SA&
[N FF [500 0C | | [ sENSE:INT]

| ALIGN AUTO

| Il — 1
Marker 1 2.108119279820 GHz

PNO: Wide () Trig: Free Run
IFGain:Low Atten: 40 dB

Ref Offset 0.7 dB
Ref 30.00 dBm

#VBW 300 kHz

Avg[Hold:>100/100

& Peak Search

NextPeak

Avg Type: Log-er_' TRA

Mkr1 2.108 119 3 GHz
-61.695 dBm

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

Mkr—RefLvi

More
10f2

Stop 2.110000 GHz

Sweep 1.600 ms (4000 pts) ;

STATUS

FCC ID: 2AIMOPR-U-C
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Downlink-H

869-894

BE Keysight Spectrum Analyzer - Swept 54
[/ | R ] c | | | INT| |
Marker 1 894.1 .

, 1 T1rig: Free Run
Atten: 40 dB

ALIGN AUTO |06:40:28 AM May 12, 2016

Avg Type: Log-Pwr
Avg|Hold:>100/100

Mkr1 894.133 46 MHz
-63.035 dBm

Ref Offset 0.7 dB
Ref 30.00 dBm

Stop 894.3000 MHz
Sweep 1.066 ms (4000 pts)

STATUS

Start 894.0000 MHz
#Res BW 100 kHz

MSG

#VBW 300 kHz

=GR
Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Downlink-L

869-894

BE Keysight Spectrum Analyzer - Swept SA&
[N | RF | |l | [ sENSE:INT] | ji]
Marker 1 868.990097524 MHz ) Avg Type: Log-Pwr
PNO: Wide () Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 40 dB

ALIGN AUTO

Mkr1 868.990 10 MHz
-63.543 dBm

Ref Offset 0.7 dB
Ref 30.00 dBm

Stop 869.0000 MHz

Sweep 1.066 ms (4000 pts) ;

STATUS

Start 868.7000 MHz
#Res BW 100 kHz

MSG

#VBW 300 kHz

n

=GR

& Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi

FCC ID: 2AIMOPR-U-C
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Downlink-H

746-757

B Keysight Spectrum Analyzer - Swept SA
eysight Sp yz p
B [T I . | !

Marker 1 757.1 160 MHz o

PNO: Close () Trig: Free Run
IFGain:Low Atten: 40 dB

ALIGN AUTO

Avg Type: Log-Pwr
Avg|Hold:>100/100

2AM May12, 2016

Mkr1 757.156 64 MHz
-70.117 dBm

Ref Offset 0.7 dB
Ref 30.00 dBm

Stop 757.3000 MHz
Sweep 1.066 ms (4000 pts)

STATUS

Start 757.0000 MHz
#Res BW 30 kHz

MSG

#VBW 100 kHz

=GR
Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Downlink-L

746-757

BE Keysight Spectrum Analyzer - Swept SA&
[N FF | ex] | [ sENSE:INT] |

| o) — 1
Marker 1 745.992873218 MHz

PNO: Close () Trig: Free Run
IFGain:Low Atten: 40 dB

ALIGN AUTO  [06:4

Avg Type: Log-Pwr
Avg|Hold:>100/100

Mkr1 745.992 87 MHz
-66.757 dBm

Ref Offset 0.7 dB
Ref 30.00 dBm

Stop 746.0000 MHz

Sweep 1.066 ms (4000 pts) ;

STATUS

#VBW 100 kHz

n

=GR

& Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi

FCC ID: 2AIMOPR-U-C
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Downlink-H

734-746

B Keysight Spectrum Analyzer - Swept SA
eysight Sp yz p
W I RF | C | | INT] |

Marker 1 746. 13 MHz o

PNO: Close () Trig: Free Run
IFGain:Low Atten: 40 dB

ALIGN AUTO

Avg Type: Log-Pwr
Avg|Hold:>100/100

5 AM May 12, 2016

Mkr1 746.081 77 MHz
-68.246 dBm

Ref Offset 0.7 dB
Ref 30.00 dBm

~ Stop 746.3000 MHz
Sweep 1.066 ms (4000 pts)

Start 746.0000 MHz
#Res BW 30 kHz

MSG

#VBW 100 kHz

=GR
Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—RefLvi

Downlink-L

BE Keysight Spectrum Analyzer - Swept SA&
B |  RF | =) [ [ SENSE:INT] [ |
Marker 1 727.970217554 MHz ) Avg Type: Log-Pwr
PNO: Close (, 1rig: FreeRun Avg|Hold:>100/100
IFGain:Low Atten: 40 dB

ALIGN AUTO

Mkr1 727.970 22 MHz
-70.734 dBm

Ref Offset 0.7 dB
Ref 30.00 dBm

Stop 728.0000 MHz

Sweep 1.066 ms (4000 pts) ;

STATUS

#VBW 100 kHz

n

=GR

& Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi

FCC ID: 2AIMOPR-U-C
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Downlink-H 1930-1990

BE Keysight Spectrum Analyzer - Swept 54
fociicc : -

[E=mEn =
I nNTl | ALIGN AUTO | 3 AM May 12, 2016

1] |

Marker 1 1.995 .
] Trig: Free Run Avg|Hold:>100/100

Start 1.995000 GHz Stop 1.998000 GHz

Ref Offset 0.7 dB
Ref 30.00 dBm -60.078 dBm

RE

Avg Type: Log-Pwr Peak Search

Atten: 40 dB

Mkr1 1.995 538 6 GHz NextPeak

Next Pk Right

Next Pk Left

Marker Delta

R S — | Mkr—RefLvi

#Res BW 100 kHz #VBW 300 kHz Sweep 1.600 ms (4000 pts)

MSG

STATUS

Downlink-L 1930-1990

=GR

>

BE Keysight Spectrum Analyzer - Swept SA&

RE T
RF |

I Sl | [ SENSE:INT] [ ALTGN AUTO __|06:55:20 A 6 AT
Marker 1 1.929019 Avg Type: Log-Pwr TRA : eak Searc

] Trig: Free Run Avg|Hold:>100/100
Atten: 40 dB

PNO: Wide
IFGain:Low

Mkr1 1.929 019 5 GHz NextPeak
e, s 019 5 Griz

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

S U R Mkr—RefLvi

p
#VBW 300 kHz Sweep 1.600 ms (4000 pts) ;

STATUS

FCC ID: 2AIMOPR-U-C TTRF20.21_V1
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8. Conducted spuriousemissions

Test result: Pass

8.1 Test limit

Out-of-band Emissions Limit = P1 - (43+ 10Log(P2p)13dBm
P1 = power in dBm
P2 = power in Watts

Special requirements for uplink Band 776-787MHpwdlink Band 746-757MHz:

FCC part 27.53(c): On all frequencies between 7B8MHz and 793-805 MHz, by a factor
not less than 76 + 10 log (P) dB = -46dB in a &A% band segment, for base and fixed
stations;

FCC part 27.53(e): For operations in the 746-758MH5-788 MHz, and 805-806 MHz
bands, emissions in the band 1559-1610 MHz shdihtited to -40dBm/MHz EIRP for
wideband signals, and -50dBm EIRP for discrete sionis of less than 700 Hz bandwidth.

8.2 Test Configuration

RF Attenuator

(if required) o

A

Spectrum Analyzer Signal Generator

FCC ID: 2AIMOPR-U-C TTRF20.21_V1
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8.3 Test procedure and test setup

a) Begin with the uplink output (donor) port contegtto the spectrum analyzer.

b) Configure the signal generator for AWGN with@®OBW of 4.1 MHz, with a center
frequency corresponding to the center of the CMBRi&dunder test.

c) Set the signal generator amplitude to the lde&rmined in the power measurement
procedure.

d) Turn on the signal generator RF output and nredbe spurious emission power levels
with an appropriate measuring instrument as follows

1) Set RBW = measurement bandwidth specified iragsygicable rule section for the
operational frequency band under considerationApgendix A for relevant cross-
references). Note that many of the individual kéetions permit the use of a narrower RBW
[typically > 1% of the emission bandwidth (EBW)] to enhancesneament accuracy, but
the result must then be integrated over the specfieasurement bandwidth.

2) Set VBW = 3*RBW.

3) Select the power averaging (rms) detector. ébeae note regarding the use of a peak
detector for preliminary measurements.)

4) Sweep time = auto-couple.

5) Set the analyzer start frequency to the lownasdibrfrequency signal generated in the
equipment, without going below 9 kHz, and the dteguency to the lower band/block edge
frequency minus 100 kHz or 1 MHz, as specifiechia applicable rule part. Note that the
number of measurement points in each sweep mus(dwspan/RBW), which may require
that the measurement range defined by the precsthnigand stop frequencies be
subdivided, depending on the available number afsugeement points of the spectrum
analyzer. Trace average at least 10 traces in pavezaging (i.e., rms) mode.

6) Sweep time = auto-couple.

7) Use the peak marker function to identify thehleist amplitude level over each measured
frequency range. Record the frequency and ampléundiecapture a plot for inclusion in the
test report.

8) Reset the analyzer start frequency to the uipged/block edge frequency plus 100 kHz
or 1 MHz, as specified in the applicable rule pantl the analyzer stop frequency to 10
times the highest frequency of the fundamental gons Note that the number of
measurement points in each sweep must (span/RBW) which may require that the
measurement range defined by the start and stgpdrecies above be subdivided, depending
on the available number of measurement points geavby the spectrum analyzer.

9) Use the peak marker function to identify thehieist amplitude level over each of the
measured frequency ranges. Record the frequencgraptitude and capture a plot for
inclusion in the test report.

e) Repeat b) through d) for each supported frequband of operation.

Special requirements for uplink Band 776-787MHz / downlink Band 746-757TMHz
For conducted spurious test: RBW = 6.25kHz, RBWRBW for conducted spurious test;

For EIRP test: RBW =700Hz, RBW = 3*RBW (Narrowband)
RBW =1MHz, RBW = 3*RBW (Wideband);

FCC ID: 2AIMOPR-U-C TTRF20.21_V1
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8.4 Test Protocol
Temperature

Relative Humidity

25C
55 %
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LTE

Uplink 1710-1755 <-19
Uplink 824-849 <-19
Uplink 776-787 <-19
Uplink 704-716 <-19
Uplink 1850-1910 <-19
Downlink 2110-2155 <-19
Downlink 869-894 <-19
Downlink 746-757 <-19
Downlink 734-746 <-19
Downlink 1930-1990 <-19

-13

FCC ID: 2AIMOPR

-U-C

TTRF20.21_V1
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Uplink 1710-1755
BE Keysight Spectrum Analyzer - Swept 54 =
[/ | RF_[500 OC | [ — | SENSE:NT] [ ALIGNAUTO  |10:57:12AM
Marker 2 1.893527750000 GHz Avg Type: RMS TRACE
PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
B et Mkr2 1.893 5 GHZ HERLRadk
Ref 30.00 dBm -43.681 dBm I
Next Pk Right
[E—
Next Pk Left

1l

— T Marker Delta
Stop 20.000 GHz
Sweep 34.67 ms (40001 pts Mkr—CF
MKR MODE TRC| SCL| X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE = »
@l N |1]f|  17321GHzl  11742dBm| I | S—
P01 N (1 f|  18035GHz| _ -43.681dBm| 1
1 1
e e — I || MkeRefiv
1 @&
1 1
1 1 10f2
MSG STATUS
Uplink 824-849
BE Keysight Spectrum Analyzer - Swept SA EEET=
[ | RF | 50 oC | | | SENSE:INT] | ALIGN AUTO __ |10:57:59 AM Peak S h
Marker 2 1.705574750000 GHz Avg Type: RMS TRACE ealcSearc
PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10 f
IFGain:Low Atten: 40 dB
NextPeak
Ref Offset 0.7 dB
Bel A0 nBm e
Next Pk Right
I
Next Pk Left

Marker Delta

i

Mkr—CF

MKR| MODE TRC| SCL, X Y

1 INHEEER 837.8 MHz
N [ 1]

FUNCTION FUNCTION WIDTH FUNCTION VALUE

>

Mkr—RefLvi

m

More
10f2

FCC ID: 2AIMOPR-U-C
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Uplink 776-787
BE Keysight Spectrum Analyzer - Swept 54 =
[/ | RF_[500 OC | [ — | SENSE:NT] [ ALIGNAUTO  |10:59:12AM
Marker 2 1.709073875000 GHz Avg Type: RMS TRACE EeakiSsarch
PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
B et Mkr2 1.709 1 GHZ BiBELEBak
Ref 30.00 dBm -43.994 dBm I
Next Pk Right
[E—
Next Pk Left

h

Marker Delta
MKkr—CF
MKR| MODE TRC| SCL X ¥ FUNCTION FUNCTION WIDTH FUNCTIONVALUE =
1 TEERER 7813MHz|  14.420 dBm| —  —
Kl 1709 1 GHz I
I —
—— I || MkeRefiv
I I [
I— —
I— I 10f2
— I -
_ I

Uplink 704-716
BB Keysight Spectrum Analyzer - Swept SA =
[ | RE__|500 0OC | | [ SENSEINT] [ ALIGNAUTO _ [11:00:02AM _
TRACE

Marker 2 1.706074625000 GHz o

Avg Type: RMS

PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
NextPeak
Ref Offset 0.7 dB
Ref 30.00 dBm
I —
Next Pk Right
IE—
Next Pk Left

Marker Delta

1l

Mkr—CF

MKR| MODE TRC| SCL, X Y

1 INHEEER 711.3 MHz
N [ 1]

>

FUNCTION FUNCTION WIDTH FUNCTION VALUE

Mkr—RefLvi

m

More
10f2

FCC ID: 2AIMOPR-U-C
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Uplink 1850-1910
BE Keysight Spectrum Analyzer - Swept SA =
(77 RF |soa bc | | | SENSE:INT| | ALIGN AUTO 11 Peak Search

| ) | |
Marker 2 3.762060500000 GHz

Avg Type: RMS

PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
1 NextPeak|
Ref Offset0.7 dB Mkr2 3.762 1 GHz
Ref 30.00 dBm .809 dBm e
Next Pk Right
I—
Next Pk Left

i

Marker Delta
[#Res BW 1.0 MHz MKkr—CF
MKR MODE TRC| SCL X e FUNCTION | FUNCTION WIDTH FUNCTION VALUE = =~ _
1 IMAENEE 18795GHz|  13.074 dBm| I
Pl N [1[f] 3.762 1 GHz |
I
a E— | SR
5 I -
6 -
7 ]
s —
1 10f2
I -
—_—

wsa /.1 Alignment Completed

STATUS

FCC ID: 2AIMOPR-U-C

TTRF20.21_V1
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Downlink

2110-2155

BE Keysight Spectrum Analyzer - Swept 54

=GR

2] | RF |soa oc | | [ sSENSE:INT]

| ALIGN AUTO

Marker 2 3.788148578714 GHz [

Peak Search

Avg Type: RMS T

PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
NextPeak
Ref Offset 0.7 dB Mkr2 3.788 1 GHz
Ref 30.00 dBm -44.738 dBm I
Next Pk Right
IE—
Next Pk Left

1l

Marker Delta
Mkr—CF
MKR MODE TRC| SCL| X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE = »
Bl N |1 f|  21335GHz|  -8.694dBm — | S
ZINNERER 3.788 1 GHz 44738 dBm I
- I I ]
] ] Mkr—RefLvi
I I I | [
I I ]
] ] 1072
] I -
>

===

BE Keysight Spectrum Analyzer - Swept 54
[N | RF |500 oc | | SENSE:INT]

| ALIGN AUTO

Marker 2 23.881897047426 GHz [

Peak Search

Avg Type: RMS T

PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
NextPeak
Mkr2 23.881 9 GHz
Ref Offset0.7 dB
Ref 30.00 dBm -43.748 dBm I
i | I | | | I
- I | | : | Next Pk Right
‘ | | | | | | IE—
| | | | | | | | L
; | . | | | | ] ‘__ Next Pk Left

A I N E N N N

1l

4 ‘ Marker Delta
Mkr—CF
MKR MODE TRC| SCL X iy FUNCTION FUNCTION WIDTH FUNCTIONVALUE =
B N 1| | 2133520963024GHz|  —dBm| — | S—
P N [ 1] f| 23.8819 GHz -43.748 dBm I
| I A I
] I il ereci vl
] N |
] I
] I 10f2
O S I
I

FCC ID: 2AIMOPR-U-C
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Downlink

869-894

BE Keysight Spectrum Analyzer - Swept 54

2] | RF |soa oc | | [ sSENSE:INT]

=GR
| ALIGN AUTO

Marker 2 2.133520963024 GHz [

Avg Type: RMS Peak Search

PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
NextPeak
Ref Offset0.7 dB Mkr2 213% 5 GHz
Ref 30.00 dBm -42.228 dBm I
Next Pk Right
|
Next Pk Left

1l

- Marker Delta
Stop 20.000 GHz
Sweep 34.67 ms (40000 pts Mkr—CF
MKR MODE TRC| SCL| X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE = »
g N [if|  8318MHz  .9669dBm| — | S
f] 1336 GHz| _ 42.228dBm| I
I B N
] ] Mkr—RefLwvi
I B B (e
I B I
I B N More
e E— — 102
| I -

Downlink

746-757

BE Keysight Spectrum Analyzer - Swept 54

[37] | RF |soq oc |

[ senseanT]

| ALIGN AUTO

Marker 2 2.124522988075 GHz T

i
i
IE

Avg Type: RMS = Peak Search

PNO: Fast (, 1rig: FreeRun Avg|Hold:>10/10
IFGain:Low Atten: 40 dB
— NextPeak
Ref Offset 0.7 dB Mkr2 2.144‘5 GHz
Ref 30.00 dBm -42.911 dBm
: Next Pk Right
IE—
Next Pk Left

h

Marker Delta
Stop 20.000 GHz
Sweep 34.67 ms (40000 pts MKr—CF
MKR MODE TRC| SCL X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE = =~
QN1 f]  7513MHg | S——
EEER I
I
I || MkeRefiv
M |
I
I 10f2
I -

FCC ID: 2AIMOPR-U-C
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Downlink

734-746

BE Keysight Spectrum Analyzer - Swept 54

7] | RF |soq oc | | | SENSE:INT]

| ALIGN AUTO

Marker 2 2.130021750544 GHz o

PNO: Fast () Trig: Free Run
IFGain:Low Atten: 40 dB

Avg Type: RMS _'
Avg|Hold:>10/10

Ref Offset 0.7 dB
Ref 30.00 dBm

Mkr2 2.130 0 GHz
-42.719 dBm

—

Stop 20.000 GHz
Sweep 34.67 ms (40000 pts

MKR| MODE TRC| SCL, X Y

1 INHEEER 739.8 MHz -9.523 dB
| ] 2.130 0 GHz -42.719 dBm

FUNCTION

FUNCTION WIDTH FUNCTION VALUE

>

m

=GR
Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

1l

Mkr—CF

Mkr—RefLvi

More
10f2

Downlink

1930-1990

B Keysight Spectrum Analyzer - Swept SA
eysight Sp yz p
[ | [

[ senseanT]

| ALIGN AUTO

| | | —
Marker 2 3.774651616290 GHz

PNO: Fast () Trig: Free Run
IFGain:Low Atten: 40 dB

Avg Type: RMS _'
Avg|Hold:>10/10

Peak Search

i
i
IE

Ref Offset 0.7 dB
Ref 30.00 dBm

I

MKR| MODE TRC| SCL, X Y

1 INHEEER 1.961 1 GHz
N [ 1]

>

FUNCTION FUNCTION WIDTH FUNCTION VALUE

m

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

1l

Mkr—CF

Mkr—RefLvi

More
10f2

FCC ID: 2AIMOPR-U-C
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Special spurious requirements of FCC part 27.53(c)

Uplink Band 776 - 787 MHz 763 - 775 <-52 -46

Uplink Band 776 - 787 MHz 793 - 805 <-52 -46
Downlink Band 746 - 757 MHZ 763 - 775 <-52 -46
Downlink Band 746 - 757 MHZ 793 - 805 <-52 -46

Special ERIP requirements of FCC part 27.53(€)

Uplink Band 1559 - 1610 ) .
776 - 787 MHz|  (Wideband) <55 [ 4r.z3 40

Uplink Band | 1559 — 1610 _ _
776 - 787 MHz| (Narrowband) | <®° [ <57.23 50

Downlink Band| 1559 — 1610
746- 757 MHz|  (Wideband) | < 5.00 <-50.0Q  -40

Downlink Band| 1559 — 1610
746 - 757 MHz| (Narrowband) |~ 00 5.00 <-60.00  -50

Note 1: EIRP =Max conducted reading + Antenna C
Note 2: Here the ‘Ant gain’ has included cable loSantenna feeder cable.

FCC ID: 2AIMOPR-U-C TTRF20.21_V1
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9. Noiselimits

Test result:

9.1 Test limit

Pass

Test report no. 160400140SHA-001

Noise Power = -102.5 + LOG10(Band Center Frequé@0y)
Variable Noise of uplink mode = -103dBm/MHz - RSSI

9.2 Test Configuration

Noise limit

Spectrum Analyzer

Uplink noise power measurement in the presencedofranlink signal

EUT with Terminated
Input Port

Donor Port

Directional
Coupler

Y

Coupled Port

from EUT

|

EUT with Terminated
Server Antenna
Input Port

Page 77 of 153

Matched Load

Server Port

Matched Load

Signal Generator w/
Bandlimited 4.1 MHz
AWGN on Center of
CMRS DL Band
Under Test

Notch Filter to
Suppress DL Signal
(if required)

RF Attenuator

(if required)

Spectrum Analyzer
Tuned to UL of
CMRS Band Under
Test

FCC ID: 2AIMOPR-U-C

TTRF20.21_V1
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9.3 Test procedure and test setup

Maximum transmitter noise power level

a) Connect the EUT to the test equipment as showxaise limit'. Begin with the uplink
output (donor) port connected to the spectrum aealy}ywWhen measuring downlink noise,
connect the downlink output (server) port to thectpum analyzer.

b) Set the spectrum analyzer RBW to 1 MHz with\iBaV > 3*RBW.

c) Select the power averaging (rms) detector aamktaverage over at least 100 traces.

d) Set the center frequency of the spectrum anatpzthe center of the CMRS band under
test with the spar 2*the CMRS band.

e) Measure the maximum transmitter noise powet.leve
f) Save the spectrum analyzer plot as necessamdtusion in the final test report.
g) Repeat b) to f) for all operational uplink analahlink bands.

h) Connect the EUT to the test equipment as shavdplink noise power measurement in
the presence of a downlink signal’ for uplink nom®ver measurement in the presence a
downlink signal. Affirm the coupled path of the R&upler is connected to the spectrum
analyzer.

i) Configure the signal generator for AWGN operatwith a 99% OBW of 4.1MHz.

]) Set the spectrum analyzer RBW for 1 MHz, VBVB*RBW, with a power averaging (rms)
detector with at least 100 trace averages.

k) Set the center frequency of the spectrum anatgzihe center of the CMRS band under
test, with the span 2*the CMRS band. This shall include all spectrulotks in the

particular CMRS band under test.

[) For uplink noise measurements, set the spectmiatyzer center frequency for the uplink
band under test, and tune the signal generattietodnter of the paired downlink band.

m) Measure the maximum transmitter noise power itdle varying the downlink signal
generator output level from —90 dBm to —20 dBmireeasured at the input port (i.e.,
downlink signal level at the booster donor port@od ‘Uplink noise power measurement in
the presence of a downlink signal’, in 1 dB steyssde the RSSI-dependent region, and in 10
dB steps outside the RSSI-dependent region. RépoHdix values closest to the limit, with

at least two points within the RSSI-dependent regibthe limit.

n) Repeat h) through m) for all operational uplrdads.

Variable uplink noise timing

Variable uplink noise timing is to be measureddss, using the test setup shown in
‘Uplink noise power measurement in the presen@ddwnlink signal’.

a) Set the spectrum analyzer to the uplink frequénde measured.

b) Set the span to 0 Hz, with a sweep time of tOsds.
c) Set the power level of signal generator to tiveekst level of the RSSI-dependent noise.

d) Select MAX HOLD and increase the power levesighal generator by 10 dB for mobile
boosters, and 20 dB for fixed boosters.

e) Confirm that the uplink noise decreases to peeified level within 1 second for mobile
devices, and within 3 seconds for fixed devices.

f) Repeat a) to e) for all operational uplink bands
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g) Include plots and summary table in test report.
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9.4 Test Protocal
Temperature
Relative Humidity

25C
55 %
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Banc Central Frequency of Ba Calculated Limit
(MH2z) (MH2z)

171(-175¢ 1732.¢ -37.73
824-84¢ 836.t -44.05
776787 781.F -44.64
704-71€ 71C -45.47
185(-191( 188( -37.02
211(-215¢ 2132.t -35.92
86¢<-894 881. -43.60
T4€-757 751.t -44.98
734-74¢€ 74C -45.12
193(-199C 196( -36.65

Note: Calculated Limit = -102.5 + LOG10(Band Ceritezquency)*20

Banc CalculaterLowest RSSI vall
(MHz) (dBm)
171(-175¢ -65.27
824-84¢ -58.95
77€-787 -58.36
704-71€ -57.53
185(-191C -65.98

Note: Calculated Lowest RSSI value = -103 - Noise&/& limit of above table
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Mode Band Max redding Limit Margin
(MHz) (dBm) (dBm) (dB)
Uplink 1710-1755 -42.72 -37.73 4.99
Uplink 824-849 -50.38 -44.05 6.33
Uplink 776-787 -50.24 -44.64 5.60
Uplink 704-716 -48.76 -45.47 3.29
Uplink 1850-1910 -45.35 -37.02 8.33
Downlink 2110-2155 -42.07 -35.92 6.15
Downlink 869-894 -50.12 -43.60 6.52
Downlink 746-757 -48.95 -44.98 3.97
Downlink 734-746 -49.31 -45.12 4.19
Downlink 1930-1990 -44.18 -36.65 7.53
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Uplink, 1710-1755MHz

BE Keysight Spectrum Analyzer - Swept SA

===

Ref Offset 0.7 dB
1L%ngdiv Ref -20.00 dBm

X RF [s0e oc |
Span 100.0000 Hz ) #Avg Type: RMS

PNO: Fast () Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 6 dB

SENSE:INT| ALIGN AUTO |02:59:13 PM May 21, 2016

Mkr1 1.702 1 GHz
-42.724 dBm

Full Span
|

Span 100.0 MHz
#VBW 3.0 MHz* Sweep 1.000 ms (1001 pts)

STATUS

Uplink, 824-849MHz

BE Keysight Spectrum Analyzer - Swept 54

=GR

Ref Offset 0.7 dB
Ref -20.00 dBm

#Res BW 1.0 MHz

MSG

|2 | RF | 2|

NO: F
IFGain:Low Atten: 6 dB

I | | ALTGN AUTO
#Avg Type: RMS
Avg|Hold:>100/100

Peak Search

Mkr1 838.45 MHz NextEeak
-50.381 dBm

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

N W Mkr—RefLvi

More

e 10f2
Span 50.00 MHz S

#VBW 3.0 MHz* Sweep 1.000 ms (1001 pts) ;

STATUS
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Uplink, 776-787MHz

BE Keysight Spectrum Analyzer - Swept 54
fociicc : .

===

] [

| R C .| | | SENSE:INT] | ALIGN AUTO  [03:01:26 PMMay 21, 2016
Marker 1 779.7 #Avg Type:RMS
ide () Trig: Free Run Avg|Hold:>100/100 4 A

Ref Offset 0.7 dB
Ref -20.00 dBm

#Res BW 1.0 MHz

MSG

Atten: 6 dB

Mkr1 779.79 MHz NextEeak
-50.242 dBm

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

N W Mkr—RefLvi

a

e 10f2
Span 30.00 MHz S

#VBW 3.0 MHz* Sweep 1.000 ms (1001 pts) ;

Uplink, 704-716MHz

BE Keysight Spectrum Analyzer - Swept 54

=GR

[37] | RF |

Ref Offset 0.7 dB
Ref -20.00 dBm

#Res BW 1.0 MHz

MSG

c | | — = INT] [ ALTGN AUTD
Marker 1 707.150000000 MHz #Avg Type: RMS ;
PNO NN N

] Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 6 dB
Mkr1 707.15 MHz hextieak

-48.764 dBm

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

N W Mkr—RefLvi

Span 30.00 MHz

#VBW 3.0 MHz* Sweep 1.000 ms (1001 pts) ;

STATUS
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Uplink, 1850-1910MHz
,i,, “Keysight Spectrum Analyzer - Suwept SA

[37] | RF | DC | !_:'Er_]g.g INT] | ALIGN AUTO

Marker 1 1.88564 ( - #hvg Type: RM'S

ast (, 1rig:FreeRun Avg|Hold:>100/100
Atten: 6 dB

Mkr1 1.885 64 GHz
-45.352 dBm

Ref Offset 0.7 dB
Ref -20.00 dBm

SVBW 3.0 MHz Span 120.0 MHz
: z

n

===

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi

a

10f2

Sweep 1.000 ms (1001 pts) ;

Downlink, 2110-2155MHz

BE Keysight Spectrum Analyzer - Swept 54
N nE T -
RF

. | | C | |

| B
Marker 1 2.129300000000 GHz
PNO: F

() Trig: FreeRun
IFGain:Low Atten: 6 dB

INT] | ALIGN AUTO
#Avg Type: RMS
Avg|Hold:>100/100

Mkr1 2.129 3 GHz
-42.065 dBm

Ref Offset 0.7 dB
Ref -20.00 dBm

SVBW 3.0 MHz Span 100.0 MHz
: z

#Res BW 1.0 MHz

MSG

STATUS

.

=GR

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi

Sweep 1.000 ms (1001 pts) ;
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Downlink, 869-894MHz
,i,, Keysight Spectrum Analyzer - Swept SA

w [ FF D | [ SENSE:INT] [ ALTGN AUTO

Marker 1 889.0 0 #Avg Type: RMS

ast (, 1rig:FreeRun Avg|Hold:>100/100
Atten: 6 dB

Mkr1 889.00 MHz
-50.123 dBm

Ref Offset 0.7 dB
Ref -20.00 dBm

SVBW 3.0 MHz Span 60.00 MHz
: z

MSG STATUS

n

===

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi

a

10f2

Sweep 1.000 ms (1001 pts) ;

Downlink, 746-757MHz

BE Keysight Spectrum Analyzer - Swept 54
N nE T -
RF

. | | | | [

Marker 1 747.090000000 MHz P
PNO!

i, 1 T1rig: Free Run
Atten: 6 dB

INT] | ALIGN AUTO
#Avg Type: RMS
Avg|Hold:>100/100

IFGain:Low

Mkr1 747.09 MHz
-48.946 dBm

Ref Offset 0.7 dB
Ref -20.00 dBm

Center 751.50 MHz
#Res BW 1.0 MHz

MSG

#VBW 3.0 MHz*

n

Span 30.00 MHz

Sweep 1.000 ms (1001 pts) ;

STATUS

=GR

Peak Search

NextPeak

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvi
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Downlink, 734-746MHz

BE Keysight Spectrum Analyzer - Swept 54
fociicc : .

===

w I RF D

| CEl | | sENSE:NT] | ALIGN AUTO  [02:56:34 PM May 21,2016
Marker 1 737.9 #Avg Type:RMS
ide () Trig: Free Run Avg|Hold:>100/100 4 A

Ref Offset 0.7 dB

Rer -20.00 dBm

MSG

Atten: 6 dB

Mkr1 737.960 MHz NextPeak
-49.308 dBm

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

N W Mkr—RefLvi

a

et 10f2
Span 24.00 MHz S

#VBW 3.0 MHz* Sweep 1.000 ms (1001 pts) ;

Downlink, 1930-1990MHz

BE Keysight Spectrum Analyzer - Swept 54

=GR

3] | RF | C

Ref Offset 0.7 dB
Ref -20.00 dBm

| | == INT] | ALTGN AUTD
Marker 1 1.958680000000 GHz #Avy Type:RMS , I
PNO: F NN N

] Trig: Free Run Avg|Hold:>100/100
IFGain:Low Atten: 6 dB
Mkr1 1.958 68 GHz hextieak

-44.184 dBm

Next Pk Right

Next Pk Left

Marker Delta

n

Mkr—CF

N W Mkr—RefLvi

Span 120.0 MHz

#VBW 3.0 MHz* Sweep 1.000 ms (1001 pts) ;

STATUS
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Mode Band Max readng Limit Margin
(MHz) (s) (s) (s)
Uplink 1710-1755 0.28 3 2.72
Uplink 824-849 0.38 3 2.62
Uplink 776-787 0.20 3 2.80
Uplink 704-716 0.17 3 2.83
Uplink 1850-1910 0.53 3 2.47

Uplink, 1710-1755MHz

| SENSE:INT] | ALIGN AUTO  [04:48:00 PMMay 21,2016
Avg Type: Log-Pwr 234

(o ]

i Trig: Free Run
ide ——
IFGain:Low Atten: 6 dB sl P M MN NN

AMkr1 280.0 ms
Rer -20.00 dBm -21.10 dB

Select Marker’

I_n

Normal

o
@
=
o

’115.2

Fixed>

Of

=

Properties»

More
10f2

Center 1.732500000 GHz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 10.00's (1001 pts)|

MSG STATUS
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Uplink, 824-849MHz

il
°
H

BE Keysight Spectrum Anal Swept SA

I DC_| CORREC | [ sEnsE:INT] ALIGN AUTD __ [04:50:37 PM
Marker 1 A 380.000 ms ) Avg Type: Log-Pwr
PNO: Wide —»— 1rig: Free Run
IFGain:Low Atten: 6 dB

Select Markerb

- =
=3 o =
2 o = =
v 8 a2

o
=

Properties»

=
)
@

Center 836.500000 MHz
Res BW 1.0 MHz #VBW 3.0 MHz

=
(=]

=
N

MSG STATUS

Uplink, 776-787MHz
BE Keysight Spectrum Analyzer - Swept SA

B L= DC_| CORREC | [ SENSE:INT] [ ALIGN AUTO _ [04:52:45PM

Marker 1 A 200.000 ms Avg Type: Log-Pwr TR
PNO: Wide —»— 1rig: Free Run .
IFGain:Low Atten: 6 dB

il
°
H

AMkr1 200.0 ms
-10.91 dB

Select Markerb

- =
=3 o =
2 o = =
v 8 a2

o
=

Properties»

Mol
10f2

a

Center 781.500000 MHz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 10.00 s (1001 pts)

MSG STATUS
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Uplink, 704-716MHz
BE Keysight Spectrum Analyzer - Swept SA

RF DC [ CoRREC | [ SENSE:INT] ALIGN AUTO  [04:55:29 PM
Avg Type: Log-Pwr TR/

0

PNO: Wide —»— 1rig: Free Run
IFGain:Low Atten: 6 dB

SelectMarkerb
AMkr1 170.0 ms

- =
=3 o =
2 o = =
v 8 a2

o
=

Properties»

=
)
@

Center 710.000000 MHz
Res BW 1.0 MHz #VBW 3.0 MHz Sweep 10.00 s (1001 pts)

=
(=]

=
N

MSG STATUS

il
°
H

Uplink, 1850-1910MHz
BE Keysight Spectrum Analyzer - Swept SA

X RF DC [ CoRREC | [ SENSE:INT] ALIGN AUTO  [04:56:55 PM May 21, 2016
Avg Type: Log-Pwr

PNO: Wide —»— 1rig: Free Run

IFGain:Low Atten: 6 dB Select Markerb

I_\

Normal

Delta

Fixed>

Of

=

Properties»

Mol
10f2

a

#VBW 3.0 MHz Sweep 10.00 s (1001 pts)

MSG STATUS
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Mode Band RSS Measured Nois Limit Margin
(MHz) (dBm) (dBm) (dBm) (dB)
-81.0 -44.70 -37.73 6.97
-80.0 -44.20 -37.73 6.47
1710-1755 -79.0 -44.20 -37.73 6.47
-78.0 -44.30 -37.73 6.57
-60.0 -47.50 -43.00 4.50
-58.0 -49.70 -45.00 4.70
-67.0 -52.10 -44.05 8.05
-66.0 -52.30 -44.05 8.25
824-849 -65.0 -51.90 -44.05 7.85
-64.0 -51.70 -44.05 7.65
-54.0 -53.60 -49.00 4.60
-52.0 -55.70 -51.00 4.70
-66.0 -52.50 -44.64 7.86
-65.0 -52.50 -44.64 7.86
Uplink 776-787 -64.0 -52.50 -44.64 7.86
-63.0 -52.50 -44.64 7.86
-53.0 -55.00 -50.00 5.00
-51.0 -57.10 -52.00 5.10
-71.0 -52.80 -45.47 7.33
-69.0 -52.40 -45.47 6.93
704-716 -68.0 -52.10 -45.47 6.63
-64.0 -52.20 -45.47 6.73
-52.0 -55.30 -51.00 4.30
-50.0 -57.10 -53.00 4.10
-71.0 -48.20 -37.02 11.18
-70.0 -47.90 -37.02 10.88
1850-1910 -69.0 -47.80 -37.02 10.78
-68.0 -48.10 -37.02 11.08
-58.0 -50.10 -45.00 5.10
-56.0 -51.90 -47.00 4.90
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10. Uplink inactivity

Test result: Pass
10.1 Test limit
The EUT was powered on and the time for the ugtinieturn to an inactive state was

measured using the DELTA MARKER method to ensuat ithwas less than 300 seconds

10.2 Test Configuration

EUT with Terminated
Spectrum Analyzer <——— Input Port

Matched Load

10.3 Test procedure and test setup

a) Connect the EUT to the test equipment with thlenk output (donor) port connected to
the spectrum analyzer.

NOTE-Somesignal boosterswill requirea signal generator input because they will not operate
unless a signal isreceived at the input terminals. If thisis the casefor the setup connecting a signal
generator at the server port, then cycle the RF output of the signal generator to simulate this function.
b) Select the power averaging (rms) detector.

c) Set the spectrum analyzer RBW for 1 MHz with W&V > 3*RBW.

d) Set the center frequency of the spectrum anatpzthe center of the uplink operational
band.

e) Set the span for 0 Hz with a single sweep tom@fminimum of 330 seconds.
f) Start to capture a new trace using MAX HOLD.
g) After approximately 15 seconds, turn on the EldWwer.

h) After the full spectrum analyzer trace is conml@lace a MARKER on the leading edge
of the pulse, then use the DELTA MARKER METHOD teasure the time until the uplink
becomes inactive.

i) Affirm that the noise level is below the uplimactivity noise power limit, as specified by
the rules.

J) Capture the plot for inclusion in the test retpor
k) Measure noise using procedures in a) to f).
[) Repeat d) through k) for all operational uplioénds.
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10.4 Test Protocol
Temperature : 25C
Relative Humidity : 55 %

Uplink 1710-1755 260.3 300 39.70
Uplink 824-849 260.7 300 39.30
Uplink 776-787 260.7 300 39.30
Uplink 704-716 260.4 300 39.60
Uplink 1850-1910 262.0 300 38.00

Uplink, 1710-1755MHz

(o ]

BE Keysight Spectrum Analyzer - Swept SA
eysight Sps yzi p
0

RF 50 Q@
Marker 1 A 260.280 s Avg Type: Log-Pwr e DEER
PNO: Wide —— 1110 FreeRun e
e EA

| SENSE:INT] | ALIGN AUTO  [03:05:33 AM May 23, 2016

IFGain:Low Atten: 6 dB Select Marker.
AMkr1 260.3 s

Rer -20.00 dBm 0.27 dB

Properties»

Center 1.732500000 GHz Span 0 Hz
. #VBW 3.0 MHz Sweep 360.0s (1001 pts)|

STATUS
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Uplink, 824-849MHz
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BE Keysight Spectrum Anal Swept SA

H

RF
Marker 1 A 260.700 s

10 dBidiv.  Ref -20.00 dBm
Log

Center £36.500000 MHz
Res BW 1.0 MHz

wsG i) Alignment Completed

DC |

IFGain:Low

SENSE:INT|

ALIGN AUTO

PNO: Wide —»— 1rig: Free Run
Atten: 6 dB

#VBW 3.0 MHz

Avﬁ Type: Log-Pwr

SelectMarkerb
AMkr1 260.7 s
0.30 dB

- =
=3 o =
2 o = =
v 8 a2

o
=

Properties»

=
)
@

=
(=]

=
N

Uplink, 776-787MHz

BE Keysight Spectrum Analyzer - Swept SA

H

x ! DC_|

RF
Marker 1 A 260.700 s

10 dBidiv.  Ref -20.00 dBm
Log

Center 781.500000 MHz
Res BW 1.0 MHz

wsG i) Alignment Completed

IFGain:Low

SENSE:INT|

ALIGN AUTO

[03:17:16 aM

PNO: Wide —»— 1rig: Free Run
Atten: 6 dB

#VBW 3.0 MHz

Avg Type: Log-Pwr

Sweep 300.0 s (1001 pts)

TRS

AMkr1 260.7 s
0.07 dB

Select Markerb

- =
=3 o =
2 o = =
v 8 a2

o
=

Properties»

Mol
10f2

a
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Uplink, 704-716MHz
BE Keysight Spectrum Analyzer - Swept SA

( RF DC | SENSE:INT] | ALIGN AUTO
Marker 1 A 260.400 s Avg Type: Log-Pwr

PNO: Wide —»— 1rig: Free Run
IFGain:Low Atten: 6 dB

AMkr1 260.4 s
1L%gBidiv Ref -20.00 dBm -0.07 dB

Frbm b e e gty A et g e

Properties»

Center 710.000000 MHz

Res BW 1.0 MHz #VBW 3.0 MHz 300.0 s (1001 pts) |-

msG |1, Storing Hardware Statistics

Uplink, 1850-1910MHz

® RBW 1 MHz Delta 1 [T1 ]
VBW 3 MHz 0.12 de
Ref -20 dBm Att 10 dB SWT 330 s 262.020000 s
-20 Marker[ 1 [T1
74138 dBm
20 1.020h00
L _E ww\bl-k—uﬂ»\ v-LW*«va\J e A AA R
1 =1 [ N R T
SCER H-40
H-s0
H-60
H-70
k- AN AL A ]
80
F-90
F-100
F-110
-120
Center 1.88 GHz 33 s/

Date: 21.MAY.2016 09:59:52
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11. Variable booster gain

Test result: Pass

11.1 Test limit
Variable Gain = -34 dB - RSSI + MSCL

11.2 Test Configuration

Danor Port Server Port
Directional
Coupler
1 Uplink Signal
— i EUr i Generator #2
Coupled Port
from EUT
Y
Downlink Signal Notch Filter RF Attenuator Snev ki

Generator #1 (if required) (if required) P y
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11.3 Test procedure and test setup

a) Connect the EUT to the test equipment with thlenki output (donor) port connected to
signal generator #1. Affirm that the coupled pdtthe RF coupler is connected to the
spectrum analyzer.

b) Configure downlink signal generator #1 for AW®peration with a 99% OBW of 4.1
MHz, tuned to the center of the operational band.

c) Set the power level and frequency of signal ¢etoe#2 to a value that is 5 dB below the
AGC level. The signal type is AWGN with a 99% OBW401 MHz.

d) Set RBW =100 kHz.

e) Set VBW> 300 kHz.

f) Select the CHANNEL POWER measurement mode.

g) Select the power averaging (rms) detector.

h) Affirm that the number of measurement pointsgveeep> (2*span)/RBW.

i) Sweep time = auto couple or as necessary (blggsothan auto couple value).
) Trace average at least 10 traces in power awrggdge., rms) mode.

k) Measure the maximum channel power and compukgnmuan gain when varying the

signal generator #1 output to a level from —90 dBm20 dBm, as measured at the input
port (i.e., downlink signal level at the boostendoport node, in 1 dB steps inside the RSSI-
dependent region, and 10 dB steps outside the B§&indent region. Report the six values
closest to the limit, including at least two poifrtsm within the RSSI-dependent region of
operation. Additionally, document that the EUT gd®s equivalent uplink and downlink
gain, and when operating in shutoff mode that fimk and downlink gain is within the
transmit power off mode gain limits.

[) Repeat b) to k) for all operational uplink bands
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11.4 Test Protocol

Temperature : 25C
Relative Humidity : 55 %
Banc Central Frequency of Ba Calculated Limit
(MH2z) (MHz)
171C-175¢& 1732.¢ 71.27
824-84¢ 836.5 64.9¢
T7€-787 781.5 64.3¢
704-71¢€ 71C 63.58
185(-191( 188( 71.9¢
Note: Gain Limit (dB) = 6.5 + 20Log(fz)

Banc Calculated Lowest RSSI val
(MHz) (dBm)
171(-175¢ -63.3¢
824-84¢ -64.1¢
77€-787 -64.1¢
704-71€ -63.9¢
185(-191C -63.3¢
Note: Calculated Lowest RSSI value = MSCL -34 dédiGain limit of above table
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Mode Band MSCL | RSS | Gainreadin | GainLimit Margin

(MHz) | (dBm) | (dBm) (dB) (dB) (dB)
4137 | -65 59.37 72.37 13.00

4137 | -64 59.37 vy 12.00

4137 | -63 59.37 70.37 11,00
1710-1795 =T 62 59.3; 69.3; 10.0C
4137 | 52 50.1¢ 59.37 9.1¢

4137 | 50 48.5¢ 57.37 8.7¢

3460 | -65 53.0 65.6( 11.6¢

3460 | -64 53.0¢ 64.6( 10.6¢

3460 | -63 53.0¢ 63.6( 9.6

824-849 a6 [ w60 54.4¢ 60.6( 620
346( | 51 51.0C 51.6( 0.6

3460 | -49 48.5( 49.60 11C

33.9: | 63 52.8¢ 62.97 10.0¢

33.9: | 62 52.87 61,00 9.11

33.9: | -60 52.7¢ 59,0 71E

Uplink- | 776-787 3557 58 52.51 57.9 5.4z
33.9: | 52 50.7¢ 51,00 11¢

33.9: | 50 49.3¢ 49.9 0.5

3366 | 63 54.17 62.6¢ 8.5¢€

33.6¢ | -60 53.0¢ 59.6¢ 5.6

33.6¢ | 59 53.8¢ 58.6¢ 4.7¢

104716 =3 5e | 57 53.6¢ 56.6¢ 3.0C
33.6¢ | 55 53.3/ 54.6¢ 1.3

3366 | 53 51.0¢ 52.6¢ 0.6¢

416: | -64 54.0¢ 71.67 17.3F

416 | -60 54,0t 67.67 13.3¢

4167 | 57 53.8¢ 64.67 10.7;
1850-1910—3 5752 50.9¢ 61.67 10.62
416: | -48 45.01 55.6° 10.6:

A16c | 47 43.92 5.6 10.6¢
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12. Oscillation Detection

Test result: Pass

12.1 Test limit

The EUT uplink and downlink were tested to enshed the presence of oscillation was
detected and that the EUT output turned off wiB®ms for the Uplink and 1s for the
Downlink and remained off for 1 minute.

A EUT with test software was utilized to ensurettine EUT only had a maximum of 5
attempts at restart from oscillation before pernméigeshutting off.

12.2 Test Configuration

Donor Port Server Port
Directional
Coupler
EUT <%
Coupled Port
from EUT
¥ Y
Variable RF
RF Bandpass Filter S A e Spectrum Analyzer

12.3 Test procedureand test setup

a) Connect the normal-operating mode EUT to thiegiggipment beginning with the
spectrum analyzer on the uplink output (donor) poonfirm that the RF coupled path is
connected to the spectrum analyzer.
b) Spectrum analyzer settings:

1) Center frequency at the center of the band uteder

2) Span equal or slightly exceeding the width efltland under test

3) Continuous sweep, max-hold

4) RBW=1 MHz, VBW > 3RBW
c) Decrease the variable attenuator until the specanalyzer displays a signal within the
band under test. Using a marker, identify the apiprate center frequency of this signal on
the max-hold display, increase the attenuation®gB, then reset the EU&.g., cycle ac/dc
power).
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d) Repeat c) twice to ensure that the center o$iteal created by the booster remains
within 250 kHz of the spectrum analyzer displayteeifrequency. If the frequency of the
signal is unstable, confirm that the spectrum aelgisplay is centered between the
frequency extremes observed. If the signal is widen 1 MHz, ensure that the spectrum
analyzer display is centered on the signal by smirgy the RBW. Reset the EUT (e.g., cycle
ac/dc power) after each oscillation event, if neaeg Set the spectrum analyzer sweep
trigger level to just below the peak amplitudeldd tisplayed EUT oscillation signal.

e) Set the spectrum analyzer to zero-span, withegg time of 5 seconds, and single-sweep
with max-hold. The spectrum analyzer sweep triggez! in this and the subsequent steps
shall be the level identified in d).

f) Decrease the variable attenuator until the spettanalyzer sweep is triggered, increase
the attenuation by 10 dB, then reset the EUT (eygle ac/dc power).

g) Reset the zero-span trigger of the spectrunyaeglthen repeat f) twice to ensure that the
spectrum analyzer is reliably triggered, resettimgEUT (e.g., cycle ac/dc power) after each
oscillation event if necessary.

h) Reset the zero-span sweep trigger of the spaanalyzer, and reset the EUT (e.g., cycle
ac/dc power).

i) Force the EUT into oscillation by reducing trieeauation.

J) Use the marker function of the spectrum analyaeneasure the time from the onset of
oscillation until the EUT turns off, by setting Mar 1 on the leading edge of the oscillation
signal and Marker 2 on the trailing edge. The spettanalyzer sweep time may be adjusted
to improve the time resolution of these cursors.

k) Capture the spectrum analyzer zero-span tracadtusion in the test report. Report the
power level associated with the oscillation sepdyat it can’t be displayed on the trace.

[) Repeat b) to k) for all operational uplink anawehlink bands.

m) Set the spectrum analyzer zero-span sweep timerfger than 60 seconds, then measure
the restart time for each operational uplink anailomk band.

n) Replace the normal-operating mode EUT with thid Ehat supports an anti-oscillation
test mode.

0) Set the spectrum analyzer zero-span time fonamam of 120 seconds, and a single
sweep.

p) Manually trigger the spectrum analyzer zero-spaeep, and manually force the booster
into oscillation as described in i).

g) When the sweep is complete, place cursors baeteefirst two oscillation detections,

and save the plot for inclusion in the test repbine time between restarts must match the
manufacturer’s timing for the test mode, and tistrall be no more than 5 restarts.

) Repeat m) to q) for all operational uplink arachlink bands.

FCC ID: 2AIMOPR-U-C TTRF20.21_V1



Intertek

Test report no. 160400140SHA-001

Page 101 of 153
12.4 Test Protocol
Temperature 25C
Relative Humidity 55 %
Mode Band Measured Tim Limit Margin
(MHz) (ms) (ms) (ms)
Uplink 1710-1755 29 300 271.00
Uplink 824-849 61 300 239.00
Uplink 776-787 64 300 236.00
Uplink 704-716 16 300 284.00
Uplink 1850-1910 29 300 271.00
Downlink 2110-2155 141 1000 859.00
Downlink 869-894 119 1000 881.00
Downlink 746-757 31 1000 969.00
Downlink 734-746 29 1000 971.00
Downlink 1930-1990 28 1000 972.00
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Uplink, 1710-1755MHz
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MSG STATUS

Uplink, 824-849MHz
BE Keysight Spectrum Analyzer - Swept SA

Q [ SENSE:INT] ALIGN AUTO  [11:17:13 AM May 23, 2016
Trig Delay-150.0 ms  Avg Type: Leg-Pwr
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IFGain:Low Atten: 30 dB
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Uplink, 776-787MHz

BE Keysight Spectrum Analyzer - Swept SA
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Uplink, 704-716MHz
BE Keysight Spectrum Analyzer - Swept SA

Q [ SENSE:INT] ALIGN AUTO  [11:43:04 AM May 23, 2016
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Uplink, 1850-1910MHz
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BE Keysight Spectrum Analyzer - Swept SA
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Downlink, 869-894MHz
BE Keysight Spectrum Analyzer - Swept SA
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Downlink, 746-757MHz
BE Keysight Spectrum Analyzer - Swept SA

B — o | SENSE:INT| ALIGN AUTO _ [02:11:48 PMMay 23,2016
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Downlink, 734-746MHz
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Downlink, 1930-1990MHz
BE Keysight Spectrum Analyzer - Swept SA
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Mode Band Measured Tim Limit Margin
(MHz) (s) (s) (s)
Uplink 1710-1755 70 >60 10
Uplink 824-849 70 >60 10
Uplink 776-787 69.65 >60 9.65
Uplink 704-716 70 >60 10
Uplink 1850-1910 70 >60 10
Downlink 2110-2155 69.65 >60 9.65
Downlink 869-894 70 >60 10
Downlink 746-757 69.65 >60 9.65
Downlink 734-746 69.65 >60 9.65
Downlink 1930-1990 69.65 >60 9.65

Mode Band Restart Limit Margin
(MHz)

Uplink 1710-1755 4 <5 1

Uplink 824-849 4 <5 1

Uplink 776-787 4 <5 1

Uplink 704-716 4 <5 1

Uplink 1850-1910 4 <5 1
Downlink 2110-2155 4 <5 1
Downlink 869-894 4 <5 1
Downlink 746-757 4 <5 1
Downlink 734-746 4 <5 1
Downlink 1930-1990 4 <5 1
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BE Keysight Spectrum Analyzer - Swept SA
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Uplink, 776-787MHz
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BE Keysight Spectrum Analyzer - Swept SA
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BE Keysight Spectrum Analyzer - Swept SA
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13. Oscillation Mitigation

Test result: Pass

13.1 Test limit

For oscillations that exceeded the 12 dB limit, tilvee required for the booster to mitigate
the oscillation to less than 12dB was recorded.

If the booster mitigated the oscillation within tB@0s time limit, the time required to
mitigate the oscillation was recorded along wité timal level of the oscillation after
mitigation.

13.2 Test Configuration

— - e dabh

ariable
Attenuator

13.3 Test procedure and test setup

a) Connect the normal-operating mode EUT to thiegiggipment as shown.

b) Set the spectrum analyzer center frequencyeaéhter of band under test, and use the
following settings:

1) RBW=30 kHz, VBW> 3 x RBW,

2) power averaging (rms) detector,

3) trace averages 100,

4) sparp 120% of operational band under test,
5) number of sweep points2 x Span/RBW.

c) Configure the signal generator for AWGN opernatath a 99% OBW of 4.1 MHz, tuned
to the frequency of 2.5 MHz above the lower edgeedow the upper edge of the operating
band under test. Adjust the RF output level ofsigaal generator such that the measured
power level of the AWGN signal at the output pdrthee booster is 30 dB less than the
maximum power of the booster for the band under gg¢8rm that the input signal is not
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obstructing the measurement of the strongest asgiti peak in the band, and is not included
within the span in the measurement.

1) Boosters with operating spectrum passbands MH® or less may use a CW signal
source at the band edge rather than AWGN.

2) For device passbands greater than 10 MHz, stdr@dRS signal sources (i.e., CDMA,
W-CDMA, LTE) may be used instead of AWGN at the dhadge.

d) Set the variable attenuator to a high attennaeiting such that the booster will operate at
maximum gain when powered on. Reset the the EUT, @ycle ac/dc power). Allow the

EUT to complete its boot-up process, to reachdpérational gain, and to stabilize its
operation.

e) Set the variable attenuator such that the iosddss for the center of the band under test
(isolation) between the booster donor port andesegyort is 5 dB greater than the maximum
gain, as recorded in the maximum gain test proadar the band under test.

f) Verify the EUT shuts down, i.e., to mitigate thecillations. If the booster does not shut
down, measure and verify the peak oscillation lagefollows.

1) Allow the spectrum analyzer trace to stabilize.

2) Place the marker at the highest oscillationllegeurring within the span, and record its
output level and frequency.

3) Set the spectrum analyzer center frequencyetdréguency with the highest oscillation
signal level, and reduce the span such that therupp lower adjacent oscillation peaks are
within the span.

4) Use the Minimum Search Marker function to filhé towest output level that is within the
span, and within the operational band under testracord its output level and frequency.

5) Affirm that the peak oscillation level measuned?2), does not exceed by 12.0 dB the
minimal output level measured in f)4). Record theasurement results of f2) and f4) in
tabular format for inclusion in the test report.

6) The procedure of f1) to f5) allows the spectramalyzer trace to stabilize, and verification
of shutdown or oscillation level measurement muasuo within 300s.

g) Decrease the variable attenuator in 1 dB stapdyepeat step f) for each 1 dB step.
Continue testing to the level when the insertissltor the center of band under test
(isolation) between the booster donor port andesgrert is 5 dB lower than the maximum
gain.

h) Repeat a) to g) for all operational uplink amavdlink bands.
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13.4 Test Protocol
Temperature : 25C
Relative Humidity : 55 %

+5 27 30C / /

+4 / / / /

1710-1755 +3 / / / /

+2 / / / /

+1 / / / /

+5 10 30C / /

+4 / / / /

824-849 +3 / / / /

+2 / / / /

+1 / / / /

+5 35 30C / /

+4 / / / /

Uplink | 776-787 +3 / / / /
+2 / / / /

+1 / / / /

+5 33 30C / /

+4 / / / /

704-716 +3 / / / /

+2 / / / /

+1 / / / /

LTE +5 11 30C ] /
+4 / / / /

1850-1910 +3 / / / /

+2 / / / /

+1 / / / /

+5 12 30C / /

+4 / / / /

2110-2155 +3 / / / /

+2 / / / /

+1 / / / /

+5 12 30C / /

Downli 4 / / / /
nk 869-894 +3 / / / /
+2 / / / /

+1 / / / /

+5 36 30C / /

+4 / / / /

746-757 +3 / / / /

+2 / / / /

+1 / / / /
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+5 28 30C / /

+4 / / / /

734-746 +3 / / / /
+2 / / / /

+1 / / / /

+5 31 30C / /

+4 / / / /

1930-1990 +3 / / / /
+2 / / / /

+1 / / / /
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14. Radiated Spurious Emission
Test result: PASS
14.1 Test limit
Radiated Spurious Emissions Limit = P1 — (43+ 1{P&)) = -13dBm
P1 = power in dBm
P2 = power in Watts

14.2 Test Configuration

Antenna

Y

Signal Generator |—» EUT //l/ — Spectrum Analyzer

Impedance-Matched
Non-Radiating Load
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14.3 Test procedure and test setup

a) Place the EUT on an OATS or semi-anechoic chatobaable 3 m from the receiving
antenna.

b) Connect the EUT to the test equipment as shagmhing with the uplink output (donor)
port.

c) Set the signal generator to produce a CW sigmthlthe frequency set to the center of the
operational band under test, and the power leveltdeIN as determined from measurement
results.

d) Measure the radiated spurious emissions fronEthe from the lowest to the highest
frequencies as specified in 8§ 2.1057. MaximizertitBated emissions by using the
procedures described in ANSI C63.4.

e) Capture the peak emissions plots using a pdaktde with Max-Hold for inclusion in the
test report. Tabular data is acceptable in liespafctrum analyzer plots.

f) Repeat c) through e) for all uplink and downlmierational bands

The radiated emission was measured using the Sipeétnalyzer with the resolutions
bandwidth set as:

RBW =300 Hz, VBW =1 kHz (9 kHz~150 kHz);

RBW =10 kHz, VBW = 30 kHz (150 kHz~30MHz);
RBW =100 kHz, VBW = 300 kHz (30MHz~1GHz for PK)
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14.4 Test protocol
Temperature: 25C Relative Humidity: 55 %

119.41 35.3C |-66.1C| 1.4C -64.7(

992.2¢ 40.4C | -65.7C| 6.1C -59.6(
1732.5( 56.7C | -42.1C| 8.8C -33.3(
3464.9( 42.9C |-56.9C| 9.8C -47.1(
119.41 37.7C | -63.7C| 1.4C -62.3(
836.7! 61.4C | -43.9C| 5.3C -38.6(
1667.3 26.6C | -71.8(| 8.4C -63.4(
2154.3( 26.9C | -72.8(| 9.7C -63.1(
119.41 37.8C | -63.6( | 1.4C -62.2(
781.3¢ 65.6( | -40.7¢| 6.34 -34.4(
1559.1: 36.6( | -62.2(| 8.8C -53.4(
6248.4¢ 38.7C | -59.5(| 8.2(C -51.3(
119.41 35.6C | -65.8(| 1.4C -64.4(
710.3¢ 65.2C | -41.1C| 6.3C -34.8(

1710-1755

824-849

Uplink | 776-787

704-716 1414.8. | 55.2C | 63.7C| 7.8C | -55.0¢
6771.5: | 341 |-635(] 82C | -55.3(
11047 | 35.8C |-65.6(| 14C | -64.2C
992.2; | 40.9C |-652(| 61C | -59.C
1850-1910 1880.7¢ | 6L.0C |-38iC| 9ic | 200 | 13
37505, | 33.20 |-66.6(| 9.8C | -56.8(
11047 | 34.8C |-66.6(| 14C | -65.2C
8833¢ | 46.5( | 58.8(| 53C | -53.5(
2110-2155 2132.2 | 44.0C |-5570| 9.7C | -46.0C
6501.1¢ | 34.7C |-635(| 82C | -55.3(
11047 | 34.7C |-66.7C| 14C | -65.3C
869-894 8815, | 46.3C |59.0(| 53C | -53.7C

2154.3( 28.3C | -71.4C| 9.7C -61.7(
119.41 34.9C | -66.5C] 1.4C -65.1(
751.5¢ 45.7C | -60.64| 6.34 -54.3C

2254.3( 27.7C | -72.00| 9.7C -62.3(
119.41 34.6(C |-66.8(| 1.4C -65.4(

Downli
nk 746-757

734-746 740.3% 45.5C |-60.8C| 6.3C -54.5(
2223.4! 27.1C | -72.7C| 9.8C -62.9(

119.41 34.80C | -66.6(| 1.4C -65.2(

1930-1990 992.2¢ 40.9C | -65.2(| 6.1C -59.1(

< IITKIIK I IIKI N IKIK I I I IS IK I DTN IKIK I I LS IKIK KK T

1955.9: 47.7C |-51.8C| 9.5C -42.3(
Note: 1. Facto= SubstitutecAntenn: gain- Cable Los;
2. 'SG’ means reading of signal generataong the Substituted system;
3. Substituted reading = SG + Factor;
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15. Occupied bandwidth

Test Status: Pass

15.1 Test limit

For each modulation type, the input and outputadigras measured and plotted to ensure
that the signals were similar.

15.2 Test Configuration

Signal Generator »| Spectrum Analyzer

15.3 Test procedure and test setup

a) Connect the test equipment as shown to firséasuare the characteristics of the test
signals produced by the signal generator.

b) Set VBW:> 3*RBW.

c) Set the center frequency of the spectrum anatgzihe center of the operational band.
The span will be adjusted for each modulation tgpeé OBW as necessary for accurately
viewing the signals

d) Set the signal generator for power level to iméte values obtained from the test.

e) Set the signal generator modulation type for G8i a PRBS pattern and allow the trace
on the signal generator to stabilize adjustingsih@n as necessary.

f) Set the spectrum analyzer RBW for 1% to 5% efEHBW.
g) Capture the spectrum analyzer trace for inctugidhe test report.

h) Repeat c) to g) for CDMA and W-CDMA modulati@ujusting the span as necessary.
AWGN or LTE may be used in place of W-CDMA, as ation.

i) Repeat c) to h) for all uplink and downlink opgonal bands.

J) Connect the test equipment as shown, with tHekiputput (donor) port connected to the
spectrum analyzer, and the server port connectetetsignal generator.

k) Repeat c) to i) with this EUT uplink path testugp.

[) Connect the test equipment as shown, with thendiok output (server) port connected to
the spectrum analyzer, and the donor port connéatdte signal generator.

m) Repeat c) to i) with this EUT downlink path testup.
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