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1. GENERAL INFORMATION

1.1. EUT Description

Product Name

Wireless Sensor

Applicant Aruba Networks, Inc

Address 1344 Crossman Ave. Sunnyvale, CA,94089
FCC ID. Q9DLSIN0100

IC 4675A-LSIN0100

Model No. LSINO0100

DFS Frequency Range

5250-5350 MHz; 5470-5725MHz

Number of Channels

For 5250-5350 MHz
802.11a/n-20 MHz: 4
802.11n-40 MHz: 2
For 5470-5725MHz
802.11a/n-20 MHz: 11
802.11n-40 MHz: 5

Data Rate

802.11a/n-20MHz: 6 - 135Mbps ; 802.11n-40MHz: up 270Mbps

Channel Control

Auto

Type of Modulation

802.11a/n: OFDM

Antenna type Dipole Antenna
Peak Antenna Gain 3.7dBi @ 5GHz
Master

Product Name

Cisco Aironet 10S Access Point

Model No.

AIR-AP1252AG-A-K9

802.11a/n-20MHz Center Working Frequency of Each Channel:

Channel Frequency
Channel 52: 5260 MHz

Channel Frequency
Channel 100: 5500 MHz
Channel 116: 5580 MHz
Channel 132: 5660 MHz

Channel Frequency  Channel
Channel 56: 5280 MHz Channel 60:

Channel Frequency  Channel
Channel 104: 5520 MHz Channel 108:
Channel 120: 5600 MHz Channel 124:
Channel 136: 5680 MHz Channel 140:

802.11n-40MHz Center Working Frequency of Each Channel:

Channel Frequency
Channel 54: 5270 MHz

Channel Frequency

Channel Frequency  Channel
Channel 62: 5310 MHz N/A

Channel Frequency  Channel

Frequency
5300 MHz

Frequency
5540 MHz
5620 MHz
5700 MHz

Frequency
N/A

Frequency

Channel
Channel 64

Channel

Channel 112:
Channel 128:

N/A

Channel
N/A

Channel

Frequency
5320 MHz

Frequency

5560 MHz

5640 MHz
N/A

Frequency
N/A

Frequency

Page: 4 of 26




L]
QL’ IeTeK Report No.: 1510404R-RF-FCC-DFS

Channel 102;: 5510 MHz Channel 110: 5550 MHz Channel 118: 5590 MHz Channel 126: 5630 MHz
Channel 134: 5670 MHz
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1.2.

1.3.

Standard Requirement

FCC Part 15.407:

U-NII devices operating in the 5.25-5.35 GHz band and the 5.47-5.725 GHz band shall
employ a TPC mechanism. The U-NII device is required to have the capability to operate at
least 6 dB below the mean EIRP value of 30dBm. A TPC mechanism is not required for
systems with an E.I.R.P. of less than 500mW.

UNII Device Description

The UUT operates in the following band: 5470-5725 MHz

The UUT is a Client Device that does not have radar detection capability and ad-hoc function.
The highest gain antenna assembly utilized with the EUT has a maximum gain of 2dBi in
5GHz frequency band. The 50-ohm Tx/Rx antenna port is connected to the test system to
perform conducted tests. TPC is not required since the maximum EIRP is less than 500mW
(27dBm).

The UUT utilizes 802.11a/n IP based architecture. Two nominal channel bandwidths, 20 MHz
and 40MHz are implemented.

WLAN traffic is generated by streaming the video file “TestFile.mp2” from the Master device
to the Slave device in full motion video mode using the “Nero Show Time 3” with the V3.0.1.3
Codec package.

The master device is a Cisco 802.11a/b/g/n Access Point. The Cisco Access Point
FCC ID: LDK102061.

The UUT is a client device without radar detection therefore the interference threshold level is
not required.

Statement: Information regarding the parameters of the detected Radar Waveforms is not
available to the end user.
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1.4.

1.5.

Test Equipment

Dynamic Frequency Selection (DFS) / TR-8

Instrument Manufacturer |[Type No. Serial No Cal. Due Date
Spectrum Analyzer Agilent N9010A MY48030494 2015.05.12
Vector Signal Generator [Agilent E4438C MY49070163 2015.03.28
Instrument Manufacturer |Type No. Serial No
Splitter/Combiner (Qty: 2) |Mini-Circuits ZAPD-50W 4.2-6.0 GHz NN256400424
Splitter/Combiner (Qty: 2) |MCLI PS3-7 44634464
ATT (Qty: 1) Mini-Circuits VAT-30+ 30912
Laptop PC Asus N8OV 8BNOAS226971468
RF Cable (Qty: 6) Mini-Circuits N/A DFS-1~6
Software Manufacturer Function
Pulse Building Agilent Radar Signal Generation Software
DFS Tool Agilent DFS Test Software
Test Setup
Radar Test -O
Signal Generator Master
Qutput 8
Q
L‘ ATT 1048 .l 2-Way 2-Way
Splitter/ Splitter/
ATT30d8 I Combiner Combiner
O O Spectrum
uut Analyzer
(Client) (with 10 dB internal
Attenuation)
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DES Set-up Photo: Slave and Spectrum Analyzer
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1.6. Limits

According to §15.407(h), 905462 D02 UNII DFS Compliance Procedures New Rules vO1 and
FCC 14-30 APPENDIX “COMPLIANCE MEASUREMENT PROCEDURES FOR UNLICENSED
NATIONAL INFORMATION INFRASTRUCTURE DEVICES OPERATING IN THE 5250-5350
MHz AND 5470-5725MHz BANDS INCORPORATING DYNAMIC FREQUENCY SELECTION".

Applicability of DFS requirements prior to use of a channel

Requirement

Operational Mode

Client (without radar

Master . Client (with radar detection)
detection)
Non-Occupancy Period | Yes Not Required Yes
DFS Detection ]
Yes Not Required Yes
Threshold
Channel Availability ] ]
. Yes Not Required Not Required
Check Time
U-NII Detection .
. Yes Not Required Yes
Bandwidth
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Applicability of DFS requirements during normal operation

Operational Mode
Requirement Master or Client (with radar . . .
) Client (without radar detection)
detection)
DFS Detection .
Yes Not Required
Threshold
Channel Closing
o ) Yes Yes
Transmission Time
Channel Move Time Yes Yes
U-NII Detection )
] Yes Not required
Bandwidth

Additional requirements for
devices with multiple bandwidth
modes

Master Device or Client with
Radar Detection

Client (without radar detection)

U-NII Detection Bandwidth and
Statistical Performance Check

All BW modes must be tested

Not required

Channel Move Time and Channel

Closing Transmission Time

Test using widest BW mode
available

Test using the widest BW
mode available for the link

All other tests

Any single BW mode

Not required

bandwidth.

Note: Frequencies selected for statistical performance check (Section 7.8.4) should include several
frequencies within the radar detection bandwidth and frequencies near the edge of the radar detection
For 802.11 devices it is suggested to select frequencies in all 20 MHz channel blocks and a
null frequencies between the bonded 20 MHz channel blocks.
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DFS Detection Thresholds for Master Devices and Client Devices With Radar Detection

Maximum Transmit Power Value (see note)
EIRP = 200 milliwatt -64 dBm
EIRP < 200 milliwatt and power spectral density <
-62 dBm
10 dBm/MHz

EIRP < 200 milliwatt that do not meet the power
. . -62 dBm
spectral density requirement

Note 1: This is the level at the input of the receiver assuming a O dBi receive antenna.

Note 2: Throughout these test procedures an additional 1 dB has been added to the amplitude of the test
transmission waveforms to account for variations in measurement equipment. This will ensure that the
test signal is at or above the detection threshold level to trigger a DFS response.

Note3: EIRP is based on the highest antenna gain. For MIMO devices refer to KDB Publication 662911
DO1.

DFS Response requirement values

Parameter Value
Non-Occupancy Period Minimum 30 minutes
Channel Availability Check Time 60 Seconds

10 Seconds

Channel Move Time
(See Notel)

200 milliseconds + an aggregate of 60 milliseconds
Channel Closing Transmission Time over remaining 10 second period.
(See Notes 1 and 2)

Minimum 100% of the U-NII 99% transmission
power bandwidth. See Note 3.

U-NII Detection Bandwidth

Note 1: Channel Move Time and the Channel Closing Transmission Time should be performed with
Radar Type 0. The measurement timing begins at the end of the Radar Type 0 burst.

Note 2:  The Channel Closing Transmission Time is comprised of 200 milliseconds starting at

the beginning of the Channel Move Time plus any additional intermittent control signals required

to facilitate a Channel move (an aggregate of 60 milliseconds) during the remainder of the 10

second period. The aggregate duration of control signals will not count quiet periods in between
transmissions.

Note 3: During the U-NII Detection Bandwidth detection test, radar type 0 should be used. For
each frequency step the minimum percentage of detection is 90 percent. Measurements are

performed with no data traffic.
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Short Pulse Radar Test Waveforms

Tahle 5 — Short Pulse Eadar Test Waveforms

Radar Pulse PRI MNumber of Pulses Miniomm | Minimum
Type Width (psec) Percentage of | Number
{psec) Successful of
Detection Trials
0 1 1428 18 See Note 1 See Note
1
1 1 Test A: 15 unique f ) 60% 30
PRI values | 360
randomly selected Roundup
from the list of 23 (10-10° |
PRI values in |t PRI, |
Table 5a S
Test B: 15 unique
PRI values
randomly selected
within the range
of 518-3066
u sec, with a
Mininmmm
increment of 1
i sec,
excluding PRI
values
selected in
Test A
2 1-3 150-230 23-20 60% 30
3 6-10 200-500 16-18 60% 30
4 11-20 200-500 12-16 60% 30
Aggregate (Radar Tvpes 1-4) 30% 120
Note 1: Short Pulse Radar Type 0 should be used for the detection bandwidth
test, channel move time, and channel closing time tests.

A minimum of 30 unique waveforms are required for each of the Short Pulse Radar Types 2 through 4.
If more than 30 waveforms are used for Short Pulse Radar Types 2 through 4, then each additional
waveform must also be unique and not repeated from the previous waveforms. If more than 30
waveforms are used for Short Pulse Radar Type 1, then each additional waveform is generated with
Test B and must also be unique and not repeated from the previous waveforms in Tests A or B.

For example if in Short Pulse Radar Type 1 Test B a PRI of 3066 usec is selected, the number of

.r A Ans )
-|| L ﬁ'-; 1o 10 l>=Rmmdup{1'.-‘.2}= 18,
pulses would be = Roundup ]_t 360 | 3066 )|
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Table 5a - Pulse Repetition Intervals Values for Test A

Pulse Repetition Pulse Repetition Freguency Pulse Repetition

Frequency (Pulses Per Second) Imterval

Number (Microseconds)
1 1930. & 518
2 1858, 7 538
d 1792.1 558
1 1730.1 578
5 1672. 2 598
B 1618. 1 f18
7 1567. 4 ]
8 1519. & E58
4 1474. 9 678
10 1432. 7 U]
11 1392, 8 718
12 1355 738
13 1419, 3 758
14 1255. 3 178
15 1253.1 798
16 222.5 515
17 1193, 3 835
18 1165, 6 858
19 1134 878
20 1113. 6 BoH
21 1059, 3 415
22 1066. 1 935
23 d26. 2 3066

The aggregate is the average of the percentage of successful detections of Short Pulse Radar Types 1-4.

Long Pulse Radar Test Signal

Minimum
Pulse Chirp Percentage o
Radar Pulses Per ) ) PRI Minimum
Bursts Width Width of ]
Waveform Burst (usec) Trials
(usec) (MHz) Successful
Detection
5 8-20 1-3 50-100 5-20 1000-2000 | 80% 30

The parameters for this waveform are randomly chosen. Thirty unique waveforms are required for the long
pulse radar test signal. If more than 30 waveforms are used for the long pulse radar test signal, then each

additional waveform must also be unique and not repeated from the previous waveforms.
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Frequency Hopping Radar Test Signal

Radar Pulse PRI Hopping Pulses Per | Hopping Minimum | Minimum
Waveform | Width (usec) Sequence | Hop Rate (kHz) | Percentage | Trials
(usec) Length of
(msec) Successful
Detection
6 1 333 300 9 .333 70% 30

For the Frequency Hopping Radar Type, the same Burst parameters are used for each waveform. The hopping
sequence is different for each waveform and a 100-length segment is selected from the hopping sequence
defined by the following algorithm:

The first frequency in a hopping sequence is selected randomly from the group of 475 integer frequencies from
5250 — 5724 MHz. Next, the frequency that was just chosen is removed from the group and a frequency is
randomly selected from the remaining 474 frequencies in the group. This process continues until all 475
frequencies are chosen for the set. For selection of a random frequency, the frequencies remaining within the
group are always treated as equally likely.
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1.7. Client Device requreiment

a) A Client Device will not transmit before having received appropriate control signals from a Master Device.
b) A Client Device will stop all its transmissions whenever instructed by a Master Device to which it is
associated and will meet the Channel Move Time and Channel Closing Transmission Time requirements. The
Client Device will not resume any transmissions until it has again received control signals from a Master
Device.

c) If a Client Device is performing In-Service Monitoring and detects a Radar Waveform above the DFS
Detection Threshold, it will inform the Master Device. This is equivalent to the Master Device detecting the
Radar Waveform and d) through f) of section 5.1.1 apply.

d) Irrespective of Client Device or Master Device detection the Channel Move Time and Channel Closing
Transmission Time requirements remain the same.

e) The client test frequency must be monitored to ensure no transmission of any type has occurred for 30
minutes. Note: If the client moves with the master, the device is considered compliant if nothing appears in the
client non-occupancy period test. For devices that shut down (rather than moving channels), no beacons should
appear.
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1.8. Radar Waveform Calibration

The following equipment setup was used to calibrate the conducted radar waveform. A spectrum
analyzer was used to establish the test signal level for each radar type. During this process there were
replace 50o0hm terminal from master and client device and no transmissions by either the master or
client device. The spectrum analyzer was switched to the zero span (time domain) at the frequency of
the radar waveform generator. Peak detection was utilized. The spectrum analyzer resolution
bandwidth (RBW) and video bandwidth (VBW) were set to 3MHz and 3 MHz.

The signal generator amplitude was set so that the power level measured at the spectrum analyzer
was -61dBm due to the interference threshold level is not required.

Conducted Calibration Setup

50 Ohm Load [| Att.10dB 50 Ohm Load
Splitter/ - Splitter/
Combiner Combiner
Agileng Agilent
N9020A —| Att. 10dB Vector Signal
Spectrum Analyzer Generator
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1.9. Radar Waveform Calibration Result

Radar Type 0 Calibration Plot (5300MHz)

Agilest Sprtion Laalprer  Seesl L

'. r o e - Awg T LagPwr
Marker 1 322921 ms ‘;:Hﬂ"*“;i

Rl -20.00 dBm

Center 3300000000 GHz Span 0 Hz §
Res BW 3.0 MHz VEW 3.0 MMz Sweep 5013 ma (2001 ps)

e [T

Radar Type 0 Calibration Plot (5310MHz)
f-hlll Sprutiom baslpret  fewsl 4
Marker 1 15.9173 ms :;:JE‘";;H""

Rl -20.00 dBm

Center 3310000000 GHz Span 0 Hz §
Res BW 3.0 MHz VEW 3.0 MMz Sweep 5013 ma (2001 ps)

e [T
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Radar Type 0 Calibration Plot (5500MHz)

Agilest Sprtion Laalprer  Seesl L

Marker 1 39,4208 ms Mg Type: Log-Far
Mk 4 e

Rl -20.00 dBm

Center 3300000000 GHz Span 0 Hz §
Res BW 3.0 MHz VEW 3.0 MMz Sweep 5013 ma (2001 ps)

e [T

Radar Type 0 Calibration Plot (5510MHz)

Agilest Sprtion Laalprer  Seesl L

[ arker 1 25. 7748 ms A Typs: Lag-Fer
Marker 1 25.7748 e

Rl -20.00 dBm

Center 3510000000 GHz |
Res BW 3.0 MHz VEW 3.0 MMz Sweep 5013 ma (2001 ps)

e [T
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2.1.

2.2.

2.3.

Channel Move Time and Channel Closing Transmission Time

Test Procedure

These tests define how the following DFS parameters are verified during In-Service
Monitoring; Channel Closing Transmission Time and Channel Move Time.

The steps below define the procedure to determine the above mentioned parameters when a
radar burst with a level -61dBm is generated on the operating channel of the U-NII device.

A U-NII device operating as a Client device will associate with the Master device at
5500MHz.

During the in-service monitoring detection probability and channel moving tests the system
was configured with a streaming video file from the master device (sourced by the PC
connected to the master device via an Ethernet interface) to the client device. The streamed
file was the “FCC” test file and the client device was using Media Player Classic as required
by FCC Part 15 Subpart E.

Observe the transmissions of the EUT at the end of the radar burst on the operating
channel for duration greater than 10 seconds. Measure and record the transmissions from the
spectrum analyzer during the observation time (Channel Move Time). Compare the channel
move time and channel closing transmission time results to the limits defined in the DFS
Response requirement values table.

Test Requirement

Parameter Value

Channel Move Time 10 Seconds

Channel Closing Transmission Time | 200 milliseconds + approx. 60 milliseconds over

remaining 10 seconds period

Uncertainty

T 1ms.
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24. Test Result of Channel Move Time and Channel Closing Transmission Time

Product : Wireless Sensor
Type 0 radar at 5300MHz

Quielek vu®Ei

Dyynamic Frequency Salection

—— OIS lees —— 10 — 1 — 1 —_—T1 —— Trewahod |

(T8 1 EETETY YA

rrrmmrrTey

‘E: - E TV T
i H“HH M Il =
-'0.'.‘ 14 Pe—— " P T e itk I_._..L._._
L] m " m
Time {u
o EEEEN- s T2 2200 05 (Thezo0 2 ma)  Thieshold 9000 2 dEm
Tl 308 5 T3 7215 =% Time end 200000 =
Aggregate Time between Tl 10 T2 Aggiegate Time between T2 10 T3 Channel closing transmission time (ms} |32 5000
Time Per Bin(ms) 25 Time Fer Bin(ms) 250 Channel move lime (ms) 4135 | (T3.TL;
Eina Abowe 4 Eina Abowe 53
Aggregate Time Abowe 10,0000 (me) Aggregate Time Abowe | 32 5000 (ms)
Threshold Between T1 Thueshold Between T2
And T2 And T3
Test Item Limit Results
Channel Move Time 10s Pass
_ o ] 200ms + an aggregate of 60ms over
Channel Closing Transmission Time o ) Pass
remaining 10 second period.
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Type 0 radar at 5310MHz

Quielek vu®Ei

Dyynamic Frequency Salection

—— DS Taes —— TO ekl 1] —_— —— Thesahoad |
. .

TE . TEBE[TI . FRITE FITITITS

s

ant (il

" i
||| Toreahold TWOIH
e

T BT TP |

: E & 8
e
1
1
¥

" — — - ‘
Time {u
o EEE - T2 2705 55 (Te200 2 ma)  yhreshold 9000 2 dBm
TL 2WTS -s 13 655 - Time end 200000 ='s
Aggregate Time between Tl 10 T2 Aggiegate Time between T2 10 T3 Channel closing transmission time (ms} |32 5000
Time Fer Bin(ms) 250 Time Fer Bin{ms) 250 Channcl move time (ms) 40225 | (T3-TL
Binz Above ¢ Bins Above 53
hggregate Time Abowe |5 0000 (me) Aggregate Time Above | 32 5000 (ms)
Threshold Between T1 Thueshold Betwoen T2
And T2 And T3
Test Item Limit Results
Channel Move Time 10s Pass

200ms + an aggregate of 60ms over

Channel Closing Transmission Time Pass

remaining 10 second period.
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Type 0 radar at 5500MHz

Quielek wume
Eynamic Frequency Sslection
— OS5 Tty —— TO ek 1] —_— —— Thesahoad |
&0 e LAY TN TR 1
"™ i ' I | I = R | A, _T:l 1-1-IH-: i
= i | | [Pt S i
£ 1] H 1 H 1
£ | |
Ll i
= ; '.l.'l '-‘! :-Cl
Tima
0 Rl - s T2 24625 Sl (Tl+ 200 = ma) Thiesheld 9000 = dem
Tl 3265 -5 T3 65125 -8 Time end 20.0000 =g
Agzregate Time between T w0 T2 Aggregate Time between T2 10 T3 Channel closing transmissian e (ms} 1125000
MwsRaENGE) 2 0 MeeRecBIORD 2NFT Charmel move time (ms) 4250 (13T
Eina Abowe 4 Eina Above 45
hggregate Time Abowe  |00000) (me) Aggregate Time Above | |2 5000 (me)
Thueshold Betwern T1 Thueshold Betwern T2
And T2 And T3
Test Item Limit Results
Channel Move Time 10s Pass
) o ) 200ms + an aggregate of 60ms over
Channel Closing Transmission Time o ) Pass
remaining 10 second period.
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Type 0 radar at 5510MHz

Quielek anEs
Dynamic Frequency Solection
[— EFfbsis — TE —— —_— T ——] —— Thieahald
LE L Rt [ v i
“w —— - 1
e JTT T o
5 ;““"“ 4 B84 :
- _ k
E 1
-
-0 | ,;.._ o ot 4 it
“1a
] 10 1% n
Tiwas 5]
o B - = T22TES 25 (TL+ G000 - ma) Threshold [ <900 = dbm
TL 25255 -8 T3 6575 -2 Time end 200000 =5
Aggregate Time between Tl o T2 Aggregale Time belween T2 1o T3 Channel closing transmission lime (ms) 1075000
Time Per Bin (ms) Time Fer Bin (ms) :
FL 2 Channel move lime (ms) 4045 (T3.T1)
Binz Abowe 4 Binz Above 4%
Apgegate Time Above 10,0000 (ms) Aggregate Time Abowe 07,5000 (mg)
Theesshold Betwoen T1 Thieshold Between T2
And T2 And T3
Test Item Limit Results
Channel Move Time 10s Pass
) o ] 200ms + an aggregate of 60ms over
Channel Closing Transmission Time o ) Pass
remaining 10 second period.
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3.1.

3.2.

3.3.

Non-Occupancy Period

Test Procedur

Measure the EUT for more than 30 minutes following the channel close/move time to verify that the

UUT does not resume any transmissions on this channel.

Test Requirement

Parameter

Value

Non-Occupancy Period

30 Minutes

Uncertainty

T 1ms.
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3.4 Test Result of Non-Occupancy Period

Product : Wireless Sensor
Radar Type :  TypeO

30 Minute Non-Occupancy Period at 5310 MHz

Agilest Sprtion Laalprer  Seesl L

Marker 1 & 180005 ks A Typa: Lag-Fer
VB B —e= T Froes R
W Gt Ameer 10 481

Ref Cffget X3 OB
Rel -48.040 dBm

Center 5310000000 GHz Span 0 Hz |
Res BW 1.0 MHz FVBW 3.0 MHz Eweep 1.850 ks (2001 pts)

(grahn

Test Item Limit Results

Non-Occupancy Period 30 Minutes Pass

No EUT transmissions were observed on the test channel during 30 minutes observation time.
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30 Minute Non-Occupancy Period at 5510 MHz

Agilest Sprtion Laalprer  Seesl L

Marker 1 & 180005 ks A Typa: Lag-Fer
VB B —e= T Froes R
W Gt Ameer 10 481

Ref Cffget X3 OB
Rel -48.040 dBm

B
. : 3

Center 5510000000 GHz Span 0 Hz |
Res BW 1.0 MHz FVBW 3.0 MHz Eweep 1.850 ks (2001 pts)

(grahn

Test Item Limit Results

Non-Occupancy Period 30 Minutes Pass

No EUT transmissions were observed on the test channel during 30 minutes observation time.

The End
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