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Typical Network Scenarios

IEEE 802.11a
HIPERLAN 1




/Interference Scenarios at \
2.4GHz Band

Bluetooth

Power

802.11b DS icrowave Cordless Frequency
Oven Phone

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
k typically covers ~10m. /
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Insight Into WLAN and Bluetooth

OBSERVATIONS:
- 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

\_

- 1210us Ti
;Bus« 625us >

ime Larger 802.11 payload
suffers more for throughput

degradation, especially for
TCP sessions




/Spectrum etiquette system
concept

~

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

CHANNEL PACKET SERVICE A
#1 A I
#2 | STREAMING RADIO SERVICE B
#3 = - I I I -I
#a | [ ‘B TTIE
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i Periodic Announcements: User ID (MAC Address),-
i Frequency Band, Power Level, Service Type, Tech-

nologies used, Priority, Cost/Price Bids, Multi-hop
| Forwardlng capabilities, etc.




/An Example of CSCC with a
priority etiquette policy
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_____________________________________

B comes in and win the contention ]I
for channel #N by CSCC, and A i
|

# N B | [ H | I
cCscc . . bl . . .

chmﬁ_ _

Serwce Pnonty 5 "‘.1 Serwce Pnorlty 3 “‘-‘
Type Channel #N = Type Channel #N

A is taking channel Fn with a lower priority

k By CSCC, contention/interference is resolved and A defers to B

B comes in by competing with A for channel Fn with a higher priority

/
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CSCC Protocol Details

PROTOCOL STACK

SE MODULE
~ I NETWDORK

E&E&LEL’EY_,'
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I cCscCc-MAC IMAI::(PmMARY)
I csce-PHY IPHY (PRIMARY)

CSCC-PHY: 1Mbps 802.11b with 10 mW power can transmit 50~100 meters,

edge-of-band operation

CSCC-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 /

Idv
T0uLNOD

\ %\5 improved utilization of public spectrum.
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CSCC Packet Format
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Dest Src Type IE length IE( 1 ) IE (Il)
addr adde | | p

CSCC-PKT: A standard Ethernet packet format with control payload

(consisting of variable length information elements)

AN EXAMPLE FOR WLAN-BT DEMO

0 8
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24 31

CSCC radi o (802.11) MAC Address (48bits).

MAC Addr ess

Devi ce Nanme and .

Devi ce Nanme and De

scription (64bits)

and Description

Type (8b)

Channel ( 8b)

Priority (8b) | Price_bid(8b)

Service Tinme

Durati on (32b)

Tx Pwr (8b)

Rx Pwr (8b) j
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Etiquette Policies

Contention for resources (channel/time
[frequency/power) is resolved based on
etiquette policies

Priorities based on class of services/users

Dynamic pricing (based on auctions): users
offers to pay a price for access spectrum
resources

OPEN RESEARCH ISSUES:
\ Optimization for radio resource allocation policies
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Proof-of-Concept Experiments
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in the arc far from
WLAN?2

Bluetooth?2 mox;c% : \. -

WLAN-BT SCENARIO

Different devices
with dual mode
radios running
CSCC

d=4 meters are
kept constant

Priority-based
etiquette policy

/
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Experimental Parameters

WLAN nodes Bluetooth nodes
Mobility Static without mobility BT1 static, BT2 position
varies
Traffic Model 100M bytes data by TCP 1.5M bytes data using Stop-
and-wait scheme
MAC protocol IEEE 802.11b at 11Mbps Bluetooth ACL data link
Data card Cisco Aironet 350 series DS Ericsson BT w/ USB
(at channel #1) (hopping over whole
band)
CSCC MAC IEEE 802.11 & periodic announcements at 1Mbps

\ CSCC card

Cisco Aironet 350 series DS (at channel #11) /
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Results: Throughput Trace (1)
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WLAN HAS HIGHER _,
PRIORITY:

WLAN Throughput (Mbps)
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WLAN session with BT2 in initial position

TCP can perform badly in interferenced wireless
links due to its window scheme

/
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Results: Throughput Trace (2)
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Session Delay (Seconds)

Results: Session&Packet Delay
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Conclusion

CSCC.: a simple way for radio devices with different
technologies to coordinate with each other

Duat 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 B scenario show
achievement in throughput and delay performance

\_ /
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Future 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 multt hops with CSCC forwarding

Optimization of etiquette policies




Thank you!




