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®Project Overview
- What is it?
- Key components and technology used

®\What Capabilities and Resources were developed
- Spectrum and Research community

®Technology Transfer to Real World Applications

®0Ongoing Research & Development Opportunities
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Approach: Adaptive System Operation

Not all spectrum used 100% of time

See what's free
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Multiple Components
to waveform

Monitor channels & Create wavefo  form of disjoint OFDM
repeat process use free spectrum

when environment

changes

Transmit Waveform

Waveform compatible with existing spectrum channelization plans and scalable
to support wide range of user data rates using non-contiguous spectrum
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| mplementation Considerations

*What frequencies
to use ???
*What’s available ?
eDon’t Interfere
with others

Connectivity !!
Implementation Needs “

* Not interfere with primary users
* Close the RF links

» Coordinate frequency in
network - no dedicated control
channels

e Connect all network users

» Must share spectrum pictures
amoNng USErS (Hidden Tx & Rx Solutions)

Adaptive Radio

Coordination & Cointrol

What frequency
dol listen on ???

How do
| connect ??7?
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What'’ s Different

® Many sharing applications use compatible waveforms to
simultaneously share spectrum

- Overlays such as spread spectrum
- Avoidance by proper frequency selection
- simultaneous operation limits performance of all systems

® Adaptive Spectrum concept shares spectrum in both time and
frequency

= minimize interference to primary users

- allow higher transmit energy using transmit burst
operation avoiding other prlmary users.

Transmit Packets / - - Tx Spectrum

Tx-1

T| me o Frequ
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Potential Advantages

® Technology provides opportunity for secondary sharing of
frequency channels with both cooperative and uncooperative
users

® Use of smart protocols internal to radio minimizes the need
for spectrum assignment pre-planning

- Reduced spectrum related mission preplanning
- Increased abilities to rapidly adapt to changing missions

® Technology and protocol implementations are hierarchical in
structure

- Totally automatic with no dedicated control channels

- Dedicated control channel infrastructures for more
positive regulation

efor range use can employ additional scheduling

- Distributed control architectures to accommodate unigue
mission needs
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Adaptive Spectrum Communication System

RF Processing

Analog Digital
Diplexer or Preselect . : ‘ ,
T/R switch — Filter LNA Filter Gain A/D +
A 12 - bitg
100 MHz
Synthesizer T ACC
Bandband
Processor
.TX PA Filter Gain Filter DIA ;
Filter 14 - bitg
100 MHz
Transmit Power Control
Operating Band RF Processing
Determines
Frequency Fregquency Band Processes
Sub-channdls
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Adaptive Spectrum MOIE
Development Environment

Includes FPGA'’s, DSPs,
& Configurable ASICS

DSP Hardware Platform |

Softwar e Tools - = —if ..
,séthernet E
_________________________________________________________ ? J 8

» TI Code Composer
» Pentek DSP tool set
MOIE has TWO Complete Platforms
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Adaptive Spectrum Use M easur ements

Reston Building Laptop with LabView Workstation with

West Whip Antenna program records snapshots MATLAB analyzes
of spectrum use spectrum use

HP 8591E

Spectrum Analyzer

GPIB bus

*Need high time resolution, long term data to determine adaptive system
performance potentials ~ 1 sec with spectrum analyzer

*Must develop occupancy statistics to optimally design adaptive system
performance requirements
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Adaptive Waveform Generation

® Variation on Orthogonal Frequency Division Multiplex

= Note: Standard OFDM gives gives contiguous set of subcarriers

= MOIE NEEDS ARBITRARY SETS OF NON_CONTIGOUS Transmit Carriers
® NEW Signal Processing Implementation Approaches

= Extensive wave shaping for out-of-band rejection and non-contiguous
carrier implementation

MOHE
|mplementation

|
0

Frequency in Hz (dF = 29.3 Hz)
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Adaptive Waveform Demonstration

Combined Rx spectrum
environment

Test Signal Spectrum Adaptive
. —>
Source Estimator System
Controller
Optional Single r— -———==
Freq Tx Receive I
I Subsystem |
e
Spectrum Transmitter /
Analyzer Modulator

Tx/Rx Chassis Assy

__________________________________________________________

.............. Rx Subsystem in final implementation
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Test Signal Source

® Test Source represents
assigned user’s signal
activity within a
frequency band

® Signal bandwidths are
multiples of the
spectrum channel
band plan

® Duration and specific
channel combinations
are selected on a
pseudo random basis

Signal
Power
(dB)

A

| nactive
. Active
Active
signal channd (s)

[

Click torun movie

MITRE

Frequency (MH2z)

Note: incremental changesarein
kHz increments corresponding to
individual channel assignments
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Adaptive Waveform with Test Signal

o Adap]'five ; — Click to run movie
waveform an
_ Power
test signal @B) | %
superimposed

Adaptive
waveform
signal A

® Lower power signal
IS test signal

® Higher power signal
Is adaptive

waveform Test

transmission signal

® Adaptation rate
is reduced for
viewing on
spectrum
analyzer

Frequency (MH2)
Note: incremental changes arein kHzincrements
corresponding to individual channel assignments
13
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System Demonstration Goal

® Complete End-to-End System Demonstration
- Two independent radio sets
- Channel and traffic simulator

Traffic Simulator

Adaptive Radio F;x—lé h ETX-Z Adaptive Radio

Transmit/Receive : , Transmit/Receive
Pair 1 Tx1 ‘ RX-2 Pair 2
1 ’ |

(DSP Chassis -1) > (DSP Chassis -2)
Traffic Simulator

' Channel Simulation
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Generic Application Scenario Example

O\

*Monitors 256 30KHz
frequency bins
simultaneously
Commands surface
sensor to transmit on op

Non-Cooper ative
Interferers

Airborne Collector

\\\i\\

Non-Cooper ative
Interferers

“Occupancy” Commanded
Command Frequencies

A 4

Surface Sensor

15
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Link Negotiation & Establishment

(Point-to-Point Case | llustrated Here)

MITRE

® Since each node makes an independent, local measurement
of the radio spectrum some coordination is required before

communication can occur:
- spectrum pictures shared between users

= optimum picture sharing dependent on environment

PSD (arb. scale)

A

Node #1's Choice of Channels
(AOFDM approach)

frequency (arb. scale)

»

PSD (arb. scale)

Node #2's Choice of Channels

A (AOFDM approach)
@
[
3
o
&
[a)
N
a
—>
frequency (arb. scale)
Common Channel Assignments /
—>
frequency (arb. scale) o
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Summary of Link Negotiation via an

Extended RTS/CTS Process

Node A Time Node B
(not to scale)

Generate ERTS |
Create Waveform_| L
TX ERTS_| Tprop.
RX & Decode
_| Compute (NECTS
- | Create Waveform
| TX (N)ECTS
Tprop
RX & Decode _|
Compute Link Vars.
(ECTS assumed)_|
Create Waveform
Tpro
TX Data prop
RX & Decode
Compute (N)ACK
(if explicit)
- | Create Waveform
TX (N)ACK
Tprop =
RX & Decode
Process (N)ACK _J— R eturn s
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Adaptive Spectrum Communication System

Baseband Processing

Frequency
. Channel Assignment
Timing Correlators Valid Probe (K) channels Channel Py -
Channel Quallty Resevation Moduation Index
FFT output
0
L p»! Channel K K
I ! Selection, N
———Pp» Correction, I. ———P» parallel
A/D data Complex Comple Complex OFDM FFT ; and . DeMod : to Serial 4\?Recei >
Down _Dait)a_‘ NCO t—» Baud P : Power : L Data
Converter Buffer Monitor/
FN-1—p»  Control

Transmit Power Contro‘

OFDM Receiver

AGC >
Channel Assignment
and
Moduation Index
0 0
— —
14-bit .I .I |
Complex Pulse Cyclic omplex Serial to Serial Bit
Upconverter Shaping Extension Data IFFT : Modulator : Parallel Stream
gN-1 gN-1

OFDM Transmitter 19
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Pentek Quad Processor Board
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Pentek Upconverter Board

Block Diagram, Model 6229
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Pentek Downconverter Board

Block Diagram, Model 6231

() RFIn
Sample |
Clock In 4/ R
| | AMPLIFIER I
o .. e j HEEael
CLOCK
. GENERATOR/

DIVIDER

i
Clock ok ! o
&SYHCI : i _ ADClock
Bus . ’
| 14
» 11, S
g TN R, o S SRS (R
sl SYNCHRONIZATION % i S
Trigger INTERRUPTS & & Ni%{f&&' Niﬁ%?;
TIL oync—| _AND CONTROL BAND 4-CH | BAND 4-CH
DIG.RCVR || DIG. RCVR
e ! F 1 ;
{:ontmII Lo 180 ||&u |

Model 6231 1
VIM Processor Board

I PROC
W Aot
]

- 32

1&0Q

MITRE

| e — : —
i g;é | LOW PASS | LOW PAES =
b - FILTER . | FILTER X

T ADesdd | | apesaa
™ 4BTAD "1 14BITAD

| N T
f Virtex-E FPGA

. AMPLIFIER i

PUSERR, C,

14
e e B —
....*... - FPU— Y |
o IS SR, .
. 6C4016 )| BC4016
| MARROW- §: NARROW-
BAND 4-CH BAND 4-CH
DIG. RCVR DIG. RCVR
1 F 9 3
| :
il&l] ; | 1&Q
S o | S, A
16 Optional

Front Panel IYO

22

© 2002, The MITRE Corporation



Additional Enhancements

sTransition work to
government
program activities

Enhance control
infrastructure

 Add directional
antennas

Coordination & Cobtrol

 Enhance
connectivity by
network relay

* Model operational
scenarios
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