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Background

—.

e

e Citizens Broadband Radio Service (CBRS) allows spectrum sharing in 3550 MHz — 3700 MHz
band between federal and commercial users, in accordance with FCC rules

e Environmental Sensing Capability (ESC) detects and reports the presence of federal
incumbent radar signals in these bands

e ESC sensors will not have full knowledge of radar waveform parameters such as pulse
repetition, pulse duration and center frequency of the incumbent radar

 Field-measured waveforms include channel propagation effects such as time-varying
multipath fading and pulse dispersion

e Utilize field-measured radar waveforms and computer generated interference signals to
generate waveforms similar to what an actual ESC sensor will observe

 Develop open source code for framework, signal processing blocks and GUI generation tool

e The waveforms and their parameters can be used by ESC applicants and developers for
training and testing incumbent radar detection algorithms
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Examples of field-measured radar waveforms
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Magnitude of an IQ capture of a typical 3550 MHz SPN43 radar. The full
capture epoch of just over 60 s duration is shown here.

Figure 3.1, NASCTN Report 2, NIST Technical Note 1954, 3.5 GHz Radar Waveform Capture at Point Loma, Final Test Report,
https://doi.org/10.6028/NIST.TN.1954
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Examples of field-measured radar waveforms
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Spectrogram of a SPN-43 signal with temporal fading, captured with the omni-directional antenna showing spread of
peak rotation power of 31.5 dB, while the mean peak power, pooled over all rotations in this capture, is -54.6 dBm.

Figure 3.8, NASCTN Report 2, NIST Technical Note 1954, 3.5 GHz Radar Waveform Capture at Point Loma, Final Test Report,
https://doi.org/10.6028/NIST.TN.1954
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Examples of field-measured radar waveforms
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Spectrogram showing broadband noise from Radar 3. Note that SPN-43 peaks at 3550 MHz
are visible earlier than 30 s, but are hidden by interference at later times.

Figure 3.18 , NASCTN Report 2, NIST Technical Note 1954, 3.5 GHz Radar Waveform Capture at Point Loma, Final Test Report,

https://doi.0rg/10.6028/NIST.TN.1954 ..
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Waveform generation framework

S— e ————

Define basic objects to handle signal input/output from/to files

Read signals in terms of segments of samples

Perform signal processing procedures on the segment of samples
Track signal timing, end of file action, 1Q format and scaling

Signal processing procedures are built on top of the basic framework

GUI to visualize the resulting waveforms and to automate the process of
generating the waveforms

The GUI utilizes the framework and the waveform signal processing blocks to mix
up to two radar, one adjacent band interference (ABI), and two LTE signals

The GUI simplifies the selection of certain parameters such as signal power levels,
and randomizes other parameters such as start time, and frequency

The software automates the generation of multiple waveform files
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Read and write complex baseband signals

e e e e

e Allsignals are saved as integer
16-bit interleaved 1/Q data file
to minimize disk storage size

Signal from file

File name

IQ format

Number of samples each read
End of file action

e Signal from file: read a

segment of samples from 2 U
Signal file and prepare it for a Read segment of samples

Seek file to next position

baseband processing Baseband
. . . ignal
e Signal to file: write a segment Signal to file Processing
of samples to a file =
o} e name
e A waveform object can have o lQformat
one or more (signal from ... s
file)/(signal to file) objects g [iate il

Write segment of samples
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Multi-task execution

e Organize multi-task execution

e Manage the type of the

execution, i.e., sequential or
Executer
parallel.

o Number of tasks
o Sequential flag
o Parallel flag

|nput%_._.___._._._.___._._.___._._._._._._._.%Output

o Run tasks
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Signal preprocessing and measurement preparations

e

Certain tasks are performed before waveform generation

Decimation is performed on the original radar waveforms to extract clean radar
signals centered at zero Hz baseband

Instantaneous signal to interference ratio (SIR) calculation during the generation
process requires estimation of radar peaks and their times at every sweep

LTE TDD signals are simulated and up-sampled to the final waveform sampling rate
beforehand

Real captured LTE TDD signals can also be used instead of the synthetically
generated LTE signals
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Decimation process

e The field-measured radar
waveforms are sampled at

225 MHz and are about 60
seconds long

e Each waveform is shifted

B e ————— S e

Decimator

O

Input/Output sampling rate

]

Initiate decimator
Decimate file

! o Antialiasing filter specifications a
with an offset frequency so

that the radar is set at zero
baseband center frequency

% '\ Signal from file

data| |"fp-------- 9®_9

_ _ file | WA

e The signalis then down- i

Sampled to 25 MHz and Eesmesssossssssssom s {Loop until end of input file }<--==-----ceceeeee-- =
saved to afile

e An antialiasing low-pass
filter is applied

A4

<
<
l'\f"

e The waveform is processed
in segments due to large
size of the file
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Decimation execution

e The decimation executor
handles the task of
processing multiple files

Decimation Executor

o Number of files a Create decimators

e To reduce the run time, the o Input files 2 Execute decimation process

waveform files are > Output files

processed in parallel o Frequency shifts
e S e e P TTmmmmmmmsssmssssossssoosooooo- ‘,
: — Decimator Bl Push to decimation Y
=1 — > running pool
4 i
S (" Loop through all files )<-------cceeeeaao--
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Waveftorm signal processing

e TT— e — e e,

 Creates an object with

multiple signals (signal from Waveform
f||e) and output Signal (signal o Total time, segment time o Setup radar signals
to flle) o Number of input signals o Setup LTE signals
o Sampling rate, Signal status, o Setup ABI signals
e Three types of Signal files frequency shift, gain, start time, a  Setup LTE channels
(radar, ABI, LTE with channel 2 ey ek eriEE s L =i iRl D SR P S 2
! ! o Signal source files o Generate waveform segment
effect) o Waveform destination file o Generate full waveform

e Number of each signal type

e Parameters of each signal

e Generate a waveform Qo SN -
segment for preview ;

° Generate fu” Waveform up fieieielnieleieleieleieletelete 'F'LOOF’a” waveform SEEments\K' """"""""""
to total time and save to a
file and measure the
instantaneous SIR
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Waveform object example
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waveform with properties:

An example of a waveform object used by the
waveform generator with certain waveform
parameters:

e 90-second waveform with two radars starting
at 5 seconds and 11 seconds

e Gains are set according to desired power
levels

e After the generation process all the object
parameters, instantaneous SIR values, and
signal sources are saved in JSON format for
easy access
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Fa=:
samplesPerSegment :
cotalTime:

25000000
2500000
30

numBadarSignals: 2

radarStatus:
radarStartTime:
radarSignal:
radarGain:
radarFreqlffset:

[1 1]

[5 12]

[1x2 radarSignalFromFile]
[0.000&256960163#&5?6 0.000304T133288786598]
[0 10000000]

numlL.TESignals: 2

LTEStatus:
LTEStartTime:
LTESignal:
LTEGain:
LTEFreqgCff=et:
LTEChState:
LTEChType:
LTEChannel:
numABISignals:
ABIStatus:
ABIStartTime:
LRTSignal:
ABIGain:
LBIFreqbff=et:
AWGHStatus:
AWGNVar:
writeScaleFactor:
waveformToFile:
Success:
gainEstimateMethod:
PowerLevels dBm:
target5IR:
measPFarameters:
STRdBmin:
SIRdBmax:
SIRdEmean:
SIRData:
zignalCut:
errorColl:

[1 1]
[0 O]
[1=2
[1.65507398254251e-06 1.57317875332633e-06]
[-2000000 S000000]

0

{'"EPASHz"' 'EVASH=z"}

[1x1 threeGPPChannel]

1

0

0

[1x1 radarSignalFromFile]
0.03162277660165838

0

0

0

1218500000

[1x1 =signalToFile]

[]

'Power Lewvels'

[1=1 =truct]

25

[1=1 =truct]

[]

[]

[]

[1=2 =struct] ®

(1 * 7
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Waveform generation

e e,

e Handles multiple

waveform generation Waveform Generator

process sequentially or in . Number of waveforms L Create waveforms

pd rallel o Attributes of each waveform o Generate waveforms
e Tracks waveform o Select appropnate waveform

source files

parameters e S e 1'
e Tracks signals sources and ;’ ;

output files = Waveform B Push to waveform Y

— — generation pool
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GUI waveform generation

e

—

The GUI provides a convenient way to access all the generation parameters
e Select signal sources

e Change frequencies, gains, turn ON/OFF signals

e Instantaneous preview of the waveform

e Set specific power levels, or desired SIR

 Generate parameters by randomization or with predefined intervals

 Generate multiple waveform files
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Signal Sources Panel

L
e Select |
e eC SI na Sou rce Select Radar Data Folder
Select LTE Data Folder
paths Radar Files LTE Files
testRadarSynth1.dat LTE_TDDConfigd_MCS_DLG6_ULG_RE_DL1. ..
testRadarSynthAug1.dat
tsztR:d:;S: :ﬂ:zﬁt a - Selected Radar Files LTE_TDDConfig1_MCS_DLG6_UL24_RBE_DL. ..
. . J : LTE_TDDConfig1_MCS_DL6_ULG6_RE_DL1...
o testRadarSynthGsec.dat testRadarSynthAug1.dat - L e bLe ULe Re
ESI r‘e | es O e ¥ : LTE_TDDConfig1_MCS_DL&_UL6_RB_DL5. ..

selection boxes

B e ————— S e

—=

4]

Signal Sources

testRadarSynthGsec? dat
testRadarSynthGsec3 . dat
testRadarSynthGsecd dat

Waveform Preview

ESC Waveform Generator V 1.00

Waveform Generation Waveform Player

testRadarSynth1.dat

LTE_TDDConfigh_MCS_DL16_UL5_RE_DL...
LTE_TDDConfigi_MCS_DL16_UL5_RE_DL...
LTE_TDDConfigi_MCS_DLE_UL24_RE_DL...

[ L=

testRadarSynthGsec5.dat
testRadarSynthGsect.dat
testRadarSynthGsec? dat
testRadarSynthGsect dat

e Selected files will be
used for waveform | s
preview and single file o
generation

LTE_TDDConfig2_MCS_DL12_UL4_RE_DL ...
LTE_TDDConfigd_MCS_DL12_UL4_RE_DL ...
LTE_TDDConfig5_MCS_DL6_UL12_RE_DL...
LTE_TDDConfig1_MCS_DL12_UL12_RB_D...
LTE_TDDConfig1_MCS_DL16_UL14_RB_D...
LTE_TDDConfig2_MCS_DL12_UL12_RB_D...
LTE_TDDConfig2_MCS_DL12_UL24_RB_D...
LTE_TDDConfig3_MCS_DL16_UL14_RB_D...
LTE_TDDConfigh_MCS_DL12_UL24_RB_D...

== Selected LTE Files

LTE_TDDConfig1_MCS_DL6_UL6_...
LTE_TDDConfig1_MCS_DL6_UL24...

LTE Read Scale -
v| Set Radar Read Scale Manually 18-05 1e-05

Select Radar Meta Data File: | Radar Meta Data File:

Radar Data Dir: D:\Spectrum-Share_Public\Shared-Data for Group Users\RadarSynth
LTE Data Dir: D:\Spectrum-Share_Public\LTESignals

Load Preview==Generation Parameters Reset Spectrum Analyzer and Time Sope
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Waveform Preview Panel

The GUI mixes two radar
signals, one ABI signal, two LTE
signals with different channel
settings, and an optional AWGN
signal

Preview panel provide access to

all signal parameters (Status,
Gain, Frequency)

Demonstrates the waveform
before the generation process

Estimate gains based on the

desired power levels or target
SIR

Access to spectrum analyzer/
spectrogram and time scope
during preview

N HNuﬁonul Institute of Standards and Technology ¢ U.S. Department of Commerce
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Signal Sources

Waveform Preview

Waveform Generation

ESC Waveform Generator V 1.00

Waveform Player

Radar#1
09 cai
" Frequency Ofizet MHz 12 ain
M Lz 2.00000
Wi 15
I S T T T A | [ 03
12108 6 4 2 0 2 4 6 & 10 12 % 1
0 2
Radar#2
09 Gai
Frequency Offset MHz 12 ain
e ) 1.00000
L 15
I S [ A R | [ 03
() -12-10-8 6 -4 2 0 2 g8 10 12
0 2

Adjacent Band Interference (ABI)

Frequency Offset MHz

09 12 Gain

0.6 |
15 1.00000
L0 1 1L L ae=
U -12-108 6 4 2 0 2 8 10 12
0 2
LTE #1
Gain
- Frequency Offset MHz g 0.06
_ 5.000000e-04
e T | 002 0.08  Channel Type
12 12 »
0 0.1
LTE #2
0.04 0.08  Gain
Frequency Offset MHz
. 8.000000e-04
' 0.02 0.08
O |1 .
2108 6 -4 2 0 2 B 10 12 r CETE
0 0.1

Load Preview==Generation Parameters

Feset Spectrum Analyzer and Time Sope

Gain Method | Power Levels | Signal Timing (sec)

Total preview 1

Estimate Gain Parameters
Segment preview 0.001311

Forward Preview Signals (sec)
Target SIR dB

Radar #1 1.36
Signal power reference dBm Radar #2 2
Radar Peak Power -89 ABI 40
LTE Power -109 LTE #1 0
ABI Power 0 LTE #1 0
AWGN PSD -165
Waveforms
AWGN Preview
— 1e-07
- Stop
= 8e-08 Signal Display
N ® Frequency
— Ge-08 ]
- Time
- Spectrogram
- 4e-08 b 2
- Show Instantaneous SIR
~ 2008 SIR

~0
1.0000008-09

LTE Channel Ready...

Show Peaks Load Defaults
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Waveform Generation Panel

e e

(4] ESC Waveform Generator V 1.00 I;‘i-

[ ] LO a d a | | t h e p reVi eW Signal Sources Waveform Preview Waveform Generation Waveform Player

. Fixed Parameters (Time:sec, Frequency:Hz, SIR:dE) Multiple File Generation
pa ra I I l ete rs I n O n e p I a Ce Radar1 Radar2 ABI LTE1 LTE2 | Parallel Process  Available Number of Workers=20 Set Number of Workers 2002
Status L s v Method Lower Bound Upper Bound Step Value
v O 0 10000000 0 -5000000 5000000
. ope s 1 1 1 0001 0001 Radari Start Time  |Random - 4 30 1
i : : 25 T Random - 4 30 1
* Provide capability to R — ——
ABI Start Time Fix v 4 30 1
. . . Radari Frequency  |Vary - -100000 100000 10000
edit/modify parameters in e I T 71 BT
Value ABI Frequency Fix - -5000000 5000000 10000
roc T a0 Target SIR Fix v 0 50 2
O n e I a Ce Total F’IDL,ES.S Time Gain Method = : Fi =
Short File LTE Channel Type Ix
Target SIR 30 Target SIR
Segment Process Time 05 # Power Levels
L3 L AR o
° t I It I WGN Status -
Generate single or multiple WGN Varincs Te0s Power d&m
° Write Scale Factor 1000000|(| Radar Peak -89
fl I eS Manual Radar Read S... )
Radar Read Scale 1e-07 Number of Files
LTE Read Scale Factor 1e-05 Waveform File Prefix | testRadarWaveform 120>
LTE Channel Status v
[ ) Tu r n O n / Off a ra | | e I Save Waveform Dir | | D:\MixedWaveformsTest Generate Waveforms
p File Sources: (Change in signal sources tab)
. LTE1 LTE2 Radar Signals Dir:
p ro Cess I n g Channel Type |EPASHz ~ EVASHz - DSpectrum-Share PublickShared-Data for Group Users'RadarSynth
Radar Meta File:
Single File Generation LTE Signals Dir:

Save Waveform As DASpectrum-Share_Public\LTESignals

Generate This Waveform

Ready Ready

Load Preview==Generation Parameters Reset Spectrum Analyzer and Time Sope

® l/

‘ I LCommunicatTons
kt/ Technology Laboratory
—

N HNuﬂonul Institute of Standards and Technology ¢ U.S. Department of Commerce



Waveform Preview Demonstrations

e — T ——

e For the purpose of this
demonstration, we use a
synthetically generated
radar signal

e Two radar signals at -5 MHz
and +5 MHz and One LTE
TDD centered at O Hz

N HNuﬁonal Institute of Standards and Technology ¢ U.S. Department of Commerce
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Waveform Preview Demonstrations

e — T ——

e Spectrum of two LTE TDD
signals with one radar
signal at the center

e Spectrum/ Spectrogram/
and time scope panels
keeps previewing the
waveform while the
engine keeps sampling
and mixing the signals
until the end of the
preview time
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Waveform Preview Demonstrations
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e Spectrogram of the
waveform

e Radar at zero
center frequency

e The LTE channel
was turned ON in
the middle of the
preview process
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Waveform Preview Demonstrations
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Time Scope
* Time scope showing the e Toos viow Ptk by ___ -
. A - @ LKl H
LTE TDD signals and the .

radar signal pulses

Amplitude

Ime (ms)

Processing

Offset=2.085 (secs) |T=2.10754
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Concluding Remarks

e

—

CBRS spectrum sharing requires ESC sensor deployment to detect and report the
presence of federal incumbent radar

Some characteristics of the actual incumbent radar signals are difficult to generate
Utilize field-measured radar waveforms

Waveform generation with certain power levels or SIR values for testing and
development of incumbent radar detection algorithms

Framework and signal processing block to handle signal mixing and generation
process

GUI to demonstrate the waveform and automate the generation process

The GUI tool is deployable and can run without licensed software
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Questions?

Source Code: https://github.com/usnistgov/ESCWaveformGenerator.git

Contacts: Raied Caromi, raied.caromi@nist.gov

John Mink, john.mink@nist.gov

Michael Souryal, michael.souryal@nist.gov
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