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Coexistence M odel Goals
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BT's Impact on 802.11b h Focus of .
Presentation
802.11b's Impact on BT

“Arbitrary” Coexistence Scenario

Examine Coexistence Under Specific Scenario vs. |dentify
Scenarios Where Coexistence is |mpacted

0 Empirical Study
0 Vaidate Modd Parameters
0 Validate Coexistence Modd

0 General Methodology - Coexistence between
WPANs & WLANSs
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|nteroperability 802.11b & BT
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Coexistence Analysis M ethodology
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1 Network MoPs - Pr[c]
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0 Prlc] - Variables e I L SV
) Pr{C] = 0.08 p
0 Stochastic Model ozs| ) ,.f
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0 Network Parameters L&, E[PER] \ yd
0 Density i | PrIPER> )= 03 | H
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0 Loading
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Parameters . /
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Network MOPs ] Pr[C]. Packet Error Rate
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0 Assumption - Packet Errors 11D

0 Number of Errors
= PER Threshold
- Binomial Distribution e
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n=0
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Topology: 802.11b Impacted by BT
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Impact on 802.11b
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Effective Interference Area
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0 Approach Similar to Jake's
% coverage areawithin cell’ s boundary

BT Rx Power AP Rx Power

onD

At (V1/5:dsD)= [ [Pr(Q (r)/Qs(ds)> i s)rdrde

0 BT node can cause interferenceif Q, (r)/Qs(ds)>v/s

[] Let r :VI/S_QBT +QAP — _10dB_OdBm+20dBm:10 dB

| nterference to BT & AP Tx Powers Typical Value
UWM
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Normalized Number BT Interferers
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0 Effective Interference o
Area

Agt (T, ds) = [liinoo At (VI/S‘D)

—(0eF expEQ(G'Z/S -10nT Ioglo(e))

5 (tonlogy(e))*

L un=2.5 {':'{Tre*&_i-ﬂ-ﬂﬁf-“"' 1

- NWEYIE G < TTdB ]
o an=4:5<g, <11dB ... |

[=10d8

5 10 15 20
d (m)

0 Number of BT interferers

Ngr (7 ds) = Ayt (7. ds) Dgr

Ivan Howitt -1/8/01- 9



Stochastic Model - 802.11b Impacted by BT
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0 Independent BT Piconets Probability of at least
one collision given
Expected # T:terferers BT Piconet Activity | &ctive pi Conets

)= 3 @Pr[ABT] -l plc]

0 1 Interferers Divided into Mutually Exclusive
Events Based on Power Likelihood of relative

received power
Prlc] = Z@ (1 @Dr[r

Probability of coIhsuon given '[MM
single active BT piconet & relative recelved power
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Impact of Single BT Interferer
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0 Dichotomy Based on Time Coincidence
Time Coincidence Probability Conditional based on Time & Power

A
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recelved power IMM
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Time Coincidence
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0 #BT Time Slots Uniform <
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Interference Suppression(dB)
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802.11b Jamming Suppression vs. Frequency Offset
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0 Anaytica Model - CW foffset = ‘ fc/er ~ fC/802.11b‘
energy within 802.11b IF  {foee )= v /5(0) - Qir +Qap =~ I Fofts)
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Interference Suppression(dB)

Adjacent Channd Interference
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Frequency Coincidence & Probabilities
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Coexistence Stochastic Model - BT Impact on 802.11b
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0 Closed Form Solution for Pr[C]

0 Six Independent Variables

0 BT Piconet Parameters
0 Piconet Loading
0 Piconet Density
0 Piconet Activity

0 Radio Propagation Parameters
0 Path loss exponent
o Lognormal Shadowing Standard Deviation
0 802.11b Tx to Rx Distance
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Empirical Study
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0 Insight 802.11 & BT
Operations

0 Validate Analytical Model
Assumptions

0 Validate Analytical Model
- Specific Scenarios

0 Issue Addressed - Effect
of cochannel & adjacent
channel interference (BT

on 802.11) U:E_\_@_.
-
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Empirical Study - BT Impact on 802.11
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Analytical & Empirical - Jamming Suppression
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S/J vs. Frequency Offset & 802.11b Data Rate
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Coexistence Analysis - Office Scenario

P

i _.:-H""-:r/ ¢ Internet. )
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0 MOP Criteria:
Expected PER > 20% unacceptable
0 Light Scenario

0 Telephony: 10 calls/day @
2 min/cal

0 Data 15 emails/day @
10 kbytes/email

0 Heavy Scenario

0 Telephony: 10 calls/day @
2 min/cal

0 Data 20 Mbytes/day
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Expected Packet Error Rate
vs. Collision Probability
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Defining BT Network Parameters
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0 Telephony
0 BT HV3 packet
0 Loading: 2timedotsevery 6 dots, i.e., 33%

0 DataTraffic
0 DH1 packet - 179 kbps throughput with 100% L oading

0 Light Scenario E.g.:

DailyActivity = (10x 2) + (150 x 8/179/60) min./Day = 20.1117

_ .33(10x2) +1.00(150 x8/179/60)
DailyActivity

Pr{Agr] = Da”gfggv”y - 0.0419 U\M
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Coexistence Analysis - Office Scenario
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BT Parameter Space
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Effect of RF Propagation
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PER] > 20%

Variations in
RF Propagation
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Effect of RF Propagation
Office Scenario - Heavy BT doc.: | EEE 802.15-<doci>
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Coexistence Summary
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0 Network Evaluation Criteria
0 E[PER] = 8% vs. E[PER] = 20% vs. E[PER] = 40% vs. ?77?
0 Alternative - Evaluate Pr{ E[PER] < Lower Threshold} &
Pr{ E[PER] > Upper Threshold} over variationsin variables
(seeref.)
0 RF Propagation Environment

0 Significant Performance Differences with Variations of RF
Parameters

0 Uncertainty in Target Environment [ Analysis Over Wide Range
of RF Parameters for Reliable Results

0 Important Criteriafor Evaluating Methods for Mitigating

Interference U“M

0 Increase in Parameter Space where MOP is Satisfied —

Ivan Howitt -1/8/01- 26



Coexistence Summary
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E[PER] > 0.2

0 Method for Evaluating &
Understanding Coexistence

0 Presented - Impact of
BT on 802.11

0 Arbitrary
0 Communication Network
0 RF Scenario

0 ldentify Scenarios Where
Coexistence is Impacted

0 Straight Forward Extension to
Evaluate other WPANs & WLANS

0 Extension - Site Specific Analysis U“M
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