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Motivation and Objectives

A Next generation wireless services and

applications, including AR, 10T, and Smart Spectrum‘ ‘ Spectrum
Cities, will increasingly rely ddynamic e Service |l
Spectrum AccestDSA) methods enabling wireless bomain corre g ?,as?d SPECIrum Servigasiss bomain Conroler
heterogeneous devices to share limited DT ES < L Protocols BB i s
spectrum resources and coexist — ‘,.'\ S
harmoniously CIL(ProtocoI ereless qualn Control Rlane
" o TX/IBS
A We propose a new spectrum management mgl«‘ﬂ» ok (((T))) inV\M/
architecture and experimentation Wireless Data Plane
framework to be tested in COSMOS 4 n 4L
Spectrum Sensor
A SCM + CIL are used for spectrum Monitoring & Measurement Plane
coordination between multiple wireless High Level Dynamic Spectrum Architecture
networks
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Spectrum Consumption Models (SCMs)

SCM Constructs (IEEE 1900.5.2)

A (Data model that) Provides A Reference power A Platform*
means to capture all the A Spectrum mask A Location
relevant parameters and A Underlay mask A Schedule
phenomena that affect A Power map A Minimum power spectral flux
spectrum consumption for A Propagation map density *
a device or Spectrum A Intermodulation masks* A Protocol or pO“Cy *
dependent system « Optional
/_W\ \ / A Transmitter Model
ectrum Mask  Underlay Mask Set___ A Recewer Mode|
A SCMssupport methods to Q-,. -‘ —
compute compatibility (i.e., . e o e | A SystemModel
: = — — - onsists of transmitter an
norrinterference) between ¢ ||“|Inn E— S Tronamiah receiver models that are
any two models without i — Bt S part of a system
dependence on e_xternal [ [ Recover Rocae] Taes | A Sets
databases of environmental = femeeees | —— s o A Collective Consumption Set
or system data W Tme ! A Spectrum Authorization Set
@ A Spectrum Constraint Set
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Architecture and Protocol

CIL Protocol:

______________________________________________________ Collaboration A RQgiSter () :
Network 1 Server . Network 2 - A Generated by WD to register with collaboratior
5 ' ' server/System

A Inform ():

A Informs newly joined peer about existing peer:
A Notify ():

A Notifies existing peers about the new joined pe
A SCM Request ():

A Message to request SCMs from peers
A ClILg collaboratively designed by competitors for DARPA & gcCM 0:

SC2 as a language enabling coordination and A Message to send SCM to the requegpestobur)
synchronization between independent networks A CT Report ():

A Sends compatibility test report to peers
A Calibrate Radios ():

A Message to calibrate SDRs with respective ga
A In our work, we extended CIL to support the exchange of frequency, modulation, etc.

protobuf representations 06CMsand other configuration A Leave ():
and event messages A Generated by WD to exit the system

Ethernet links

A Implemented as a PUB/SUB service for several types of
messages
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Timing Diagram: (DARPA CIL + SCM)

_ Register() :

@ Time T1 Clients:
Peers: | |« INFORM() -
Lo- @ Time T} Register() Clients:

P _ 1. WD1
Cers. INFORM() 2. WD2
1. WD1
Peers: | | NOTIFY()
1. WD2 B
SCM Request()
SCM() Perform
Compatibility Test
CT Report() (CT)
Configure Configure
domain domain
radios radios
Leave message() Clients:
If WD1 1. WD2
NOTIFY
wants to ¢ Peers: 0
leave the - To keep track of
system neighbors
WD1 Wireless Domain WD?2
[Tx1, Rx1] Controllers [Tx2, RX2] Regional Topology Manager

(Controller)

Syracuse
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Algorithm: lllustrative Implementation

TX RX
4 . , )
Nodes J\{‘i)) New TxRX pair J\{i))
\ J
i 3
Existing
1 TxRx pairs -
K L4
i i
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New domain/node(s)
enters and receives SCNls

v

‘ Set to a defaultQ ‘

For every existing
Tx@and RXQ

‘ CT with TSQ CT with RSQ I-I-”

Evaluate the
results of CTs

Select"chat does not
cause interference

v

LUpdate SCM and setuI)

the link
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Algorithm: Current Implementation

New domain/node(s)
enters and receives SCNis

TX RXx ¢
‘ Set to a defaultQ ‘

- _ - For every existing
Nodes | (fiifi | New TxRx pairf| (Jyj Tx‘Gand RXQ

// ‘ CT with TXQ CT with RXQ I-I'I-‘
= Evaluate the
EXisting — pre— results of CTs

mithi || ERXPAISS | i

o e
=
=._
—

—
=1
=
—
=

—
—
—
S

— e Select"chat does not
e cause interference
M Mo l,
— Update SCM and setu
the link

Syracuse

©COSMOS RUTGERS  § ey, §8SoLmMBia | Enameeun

School of Engineering



Algorithm: Current Implementation

Nodes

RXx

()

New TxRx pair i\ l

j

(it

Existing
TxRx pairg | iy
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‘ CT with TXQ
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Algorithm: Current Implementation

TX RX
4 )

Nodes ((i)) - S_eth The_ Ii;k- ({!}))
g _J

Existing

!
ﬂ T%RXx pairs ﬂ
i

¥
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New domain/node(s)
enters and receives SCNis

v

‘ Set to a defaultQ ‘

For every existing
Txand RXQ

‘ CT with TXQ

CT with RXQ H‘H
Evaluate the
results of CTs

Select'Qthat does not
cause interference

v

‘ Update SCM and setuln
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Experimental Setup: COSMOS Sandbox (ORBIT GRID)

Parameter Value

Central Freq 2.0 GHz Node2031 Redi | Tonol

No. of Channels || 3 : : egional 1opology

Ha Experiment Settings Manager PUSH/PULL Model
Modulation BPSK

Bitrate 0.5M

Gnuradio v3.7

USRPs x310s and b210s

©COSMOS

-
-
L

~<

SCM Set Exchange(s)

SCM Set Exchange

- - ~o

Nodel81

-

‘f
R
R

s\ USRP \\‘ ll’ 'II \\ USRP / II ‘\ USRP \\‘
‘@ Node320 ' ! ‘\\ "‘@ Nodel81 ! oo \t‘ Node814 \
: (x310) ',' ! N : (x310) ',: !. N : (b210) ','
\USRP (x310) o USRP (x310) - ‘ ‘ USRP (x310)
Node24t}/ Node2411 - Node235.-
@ Time T1 @ Time T2 @ Time T3
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Experimental Setup: SCM Generation

- <spectrumMask>
<resolutionBW=>0.002</resolutionBW>
- <scmMask>
<refFrequency>0.0</refFrequency >
<inflectionPnt>
<frequency>1999.0</frequency>
<relativePower>-33.45</relativePower>
</inflectionPnt>
- <inflectionPnt>
<frequency>1999.6125</frequency>
<relativePower>-28.45</relativePower>
</inflectionPnt>
- <inflectionPnt>
<frequency>1999.71</frequency>
<relativePower>0.0</relativePower>
</inflectionPnt>
- <inflectionPnt>
<frequency>2000.29</frequency>
<relativePower>0.0</relativePower>
</inflectionPnt>
- <inflectionPnt>
<frequency>2000.3875</frequency>
<relativePower>-28.45</relativePower>
</inflectionPnt>
- <inflectionPnt>
<frequency>2001.0</frequency>
<relativePower>-33.45</relativePower>
</inflectionPnt>
</scmMask>
</spectrumMask>

Transmitter spectrum mask
Device: x310 and b210

©COSMOS

- <underlayMask maskPowerMarginMethod="TotalPower" >
<resolutionBW>0.002 < /resolutionBW >
- <scmMask>
- <inflectionPnt>
<frequency>1998.8</frequency>
<relativePower>-26.4485 < /relativePower>
< finflectionPnt>
- <inflectionPnt>
<frequency>1999.0</frequency>
<relativePower=>-35.0021</relativePower>
<finflectionPnt=
- <inflectionPnt>
<frequency>1999.2</frequency>
<relativePower>-38.298</relativePower>
< finflectionPnt>
- <inflectionPnt>
<frequency=>1999.4</frequency>
<relativePower=>-39.3706</relativePower>
</finflectionPnt>
- <inflectionPnt=>
<frequency>1999.6</frequency>
<relativePower=-40.0</relativePower=
<finflectionPnt=
- <inflectionPnt>
<frequency>1999.8</frequency>
<relativePower>-40.0</relativePower>
< finflectionPnt>
- <inflectionPnt>
<frequency=>2000.0</frequency>
<relativePower=>-40.0</relativePower>
</finflectionPnt>
+ <inflectionPnt>
+ <inflectionPnt>
+ <inflectionPnt>
+ <inflectionPnt>
+ <inflectionPnt>
+ <inflectionPnt>
</scmMask>
<funderlayMask>

Receiver underlay mask
Device: x310
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Topology Setup: COSMOS Sandbox (ORBIT GRID)

24-5 235

24-11

All 3 links will interfere with each other if on the
same channel

3 channels:
1999e6, 2000e6, 2001e6
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Link 1 Setup
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root@ode3-20:~/sii# python3 sii client.py --server-ip --client-ip --tx-usrp-args “resource=RES
100" --rx-usrp-args "type=x300,addr= 1.5" -gTx 10 --id 1 --tx-scm SCMs/demo/TX_3 20 BPSK.xml --rx-scm SCMs/de
mo/RX_24 5 BPSK. a1}

100
1997.5M 1998.6M 1998.5M 1999.0M 1999.5M 2000.5M 2001.06M 2002.0M 2002.5M

3. WD1

root@ode3-20:~/sii# tail -f rx_out.log

4. Receiverl

UNREGISTERED VERSION




Link 2 Setup

181 D Wall 4 Sensor
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