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ISM Band Spectrum AllocationISM Band Spectrum Allocation
Industrial Scientific Medical band Industrial Scientific Medical band 
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Typical Network ScenariosTypical Network Scenarios

Bluetooth
UWB
……

802.11b(Wi-Fi)
IEEE 802.11g
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IEEE 802.11a
HIPERLAN 1
HIPERLAN2
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Interference Scenarios at Interference Scenarios at 
2.4GHz Band2.4GHz Band

WLAN: 802.11b DSSS, 11 channels at 5MHz interval, covers 
~100m (11Mbps) and ~400 (1Mbps).

Bluetooth: FHSS, hopping rate at 1600hops/sec, 79 hopping 
channels at 1 MHz wide each, covers ~10m (low power) and 
typically covers ~10m.
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Insight Into WLAN and BluetoothInsight Into WLAN and Bluetooth
ObservationsObservations:

A DSSS 802.11 packet can 
overlap a number of BT 
slots

BT hopping into WLAN 
band with certain 
probability
Lower transmission range 
of BT makes it easier to 
suffer
Larger 802.11 payload 
suffers more for throughput 
degradation, especially for 
TCP sessions

Time
70us 625us

1210us



Spectrum etiquette system Spectrum etiquette system 
conceptconcept

CSCC( Common Spectrum Coordination Channel)CSCC( Common Spectrum Coordination Channel) can enable mutual 
observation between neighbor radio devices by periodically broadcasting 
spectrum usage information



An Example of CSCC with a An Example of CSCC with a 
priority etiquette policypriority etiquette policy

A is taking channel Fn with a lower priority
B comes in by competing with A for channel Fn with a higher priority
By CSCC, contention/interference is resolved and A defers to B 



CSCC Protocol DetailsCSCC Protocol Details
Protocol StackProtocol Stack

CSCCCSCC--PHY: PHY: 1Mbps 802.11b with 10 mW power can transmit 50~100 meters, 
edge-of-band operation

CSCCCSCC--MAC: MAC: 802.11 MAC based simple periodic broadcast (on-demand) 
protocol with random cycle (100ms~seconds) to eliminate repeated collisions

An extra cheap narrow band radio is well worth the
improved utilization of public spectrum.



CSCC Packet FormatCSCC Packet Format
Dest
addr

Src
addr

Type IE length IE(1) IE(n)

6B 6B 2B 2B 2B 2B

CSCCCSCC--PKT: PKT: A standard Ethernet packet format with control payload 
(consisting of variable length information elements)

. . . Duration (32b)

Service Time . . .Price_bid(8b)Priority (8b)

Channel(8b)Type (8b). . . and Description

. . . Device Name and Description (64bits) . . .

Device Name and . . .. . . MAC Address

CSCC radio (802.11) MAC Address (48bits). . .

0 8                                      16 24 31 

Tx Pwr (8b) Rx Pwr (8b)

An example for An example for wlanwlan--btbt demodemo



Etiquette PoliciesEtiquette Policies

Contention for resources (channel/time 
/frequency/power) is resolved based on 
etiquette policies
PrioritiesPriorities based on class of services/users
Dynamic pricingDynamic pricing (based on auctions): users 
offers to pay a price for access spectrum 
resources

OPEN RESEARCH ISSUES:OPEN RESEARCH ISSUES:
Optimization for radio resource allocation policies



ProofProof--ofof--Concept ExperimentsConcept Experiments

Different devices 
with dual mode 
radios running 
CSCC
d=4 meters are 
kept constant
Priority-based 
etiquette policy

WLANWLAN--BT ScenarioBT Scenario



Experimental ParametersExperimental Parameters

Cisco Aironet 350 series DS (at channel #11)CSCC cardCSCC card
IEEE 802.11 & periodic announcements at 1MbpsCSCC MACCSCC MAC

Ericsson BT  w/ USB
(hopping over whole 

band)

Cisco Aironet 350 series DS 
(at channel #1)

Data cardData card

Bluetooth ACL data linkIEEE 802.11b at 11MbpsMAC protocolMAC protocol

1.5M bytes data using Stop-
and-wait scheme

100M bytes data by TCPTraffic ModelTraffic Model

BT1 static, BT2 position 
varies

Static without mobilityMobilityMobility
Bluetooth nodesBluetooth nodesWLAN nodesWLAN nodes



Results: Throughput Trace (1)Results: Throughput Trace (1)
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TCP can perform badly in interferenced wireless 
links due to its window scheme

WLAN has higher WLAN has higher 
priority:priority:



Results: Throughput Trace (2)Results: Throughput Trace (2)
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Bluetooth has Bluetooth has 
higher priority:higher priority:



Results: Results: Session&PacketSession&Packet DelayDelay

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
170

180

190

200

210

220

230

240

250

260

270

280

 

 

S
es

si
on

 D
el

ay
 (S

ec
on

ds
)

Distance between WLAN2 and Bluetooth2 (Meters)

 WLAN CSCC off
 WLAN CSCC on
 Bluetooth CSCC off
 Bluetooth CSCC on

Average session delay with and w/o 
CSCC vs. distance parameter

Instantaneous packet delay for BT with 
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CSCC turns on here



ConclusionConclusion

CSCC: a simple way for radio devices with different 
technologies to coordinate with each other
Dual- mode radio allows devices announcing their 
own parameters by using a common edge channel
Radio resources can be allocated in a fair and 
spectrally efficient manner based on etiquette 
policies
Experiments on a WLAN- BT scenario show 
achievement in throughput and delay performance



Future WorkFuture Work
Evaluate various levels of spectrum coordination by 
both simulation and experiments

Develop more complex collaborative spectrum 
sharing methods involving ad- hoc networking and 
power control

Consider multi- hops with CSCC forwarding

Optimization of etiquette policies



Thank you!


