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Introduction
In the 802.11n coexistence assurance (CA) document [1] there is a formula for the probability that a Bluetooth packet collides with a WLAN packet.  In reviewing the 802.11n CA document we have derived the formula for a packet collision which differs from the formula given in [1].  The purpose of this document is to give the derivation of the probability of packet collision.
Section 2 gives the derivation for the probability of a temporal collision.  Section 3 gives the formula for the probability of a joint temporal and frequency collision.

Probability of Temporal Collision
The probability of a temporal collision is the probability that during a WLAN transmission that the Bluetooth Piconet also transmits, at least for a portion of the WLAN packet.  Figure 1 illustrated the timing between the WLAN and Bluetooth packets.  In this figure the WLAN packet considers with the beginning of a Bluetooth packet.  This is only for illustration purposes.  In practice there is an offset between the beginning of the WLAN packet and the beginning of the next Bluetooth packet.

[image: image1.emf]BT BT BT

WLAN

T

1

T

2

T

3

N T

2

R

BT


Figure 1: Timing of WLAN and Bluetooth Transmissions
The timing parameters are as follows,
T1 is the duration of the WLAN packet.

T2 is the period of the Bluetooth transmissions.

T3 is the duration of the Bluetooth transmission.

Typical values for these times are: T1 is several ms, T2 is 625 (s and T3 is 359 (s.

Let us define the full Bluetooth periods that divide into the WLAN packet duration,
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Where 
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 is the largest integer less than or equal to x.  We define R as the remainder of the WLAN packet that is more than N times the Bluetooth period.
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The number of temporal packet collisions is a random variable, call it M.  We need to find the probability mass function for this random variable.  In order to do this we need to consider that the time between the beginning of the WLAN packet and the beginning of the next Bluetooth packet is a random variable.  Figure 2 illustrates this random alignment.
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Figure 2: Alignment of WLAN and Bluetooth Packets

The offset, d, is a random variable which is uniformly distributed between 0 and T2.
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We now determine the number of packet collisions as a function of d, and then average over the distribution of d.
The Bluetooth packet that begins before the WLAN packet will collide with the WLAN packet if 
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.  The next N Bluetooth packets always collide with the WLAN packet.  The next packet after those collides with the WLAN packet if 
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Since there are two values of d at which the number of colliding packets changes we end up with different answers depending on which value of these values are larger.  So let us consider these two conditions separately.
Case 1: 
[image: image9.wmf])

(

3

2

T

T

R

-

<


In this case for values of 
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there are N+1 collisions.  For 
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 there are N collisions.  And for 
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 there are N+1 collisions.  Hence in this case the probability mass function for the number of Bluetooth packet collisions is given by,
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Case 2: 
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In this case for values of 
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there are N+1 collisions.  For 
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 there are N+2 collisions.  And for 
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 there are N+1 collisions.  Hence in this case the probability mass function for the number of Bluetooth packet collisions is given by,
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Probability of a Joint Time/Frequency Collision
As was done in [1], since Bluetooth hops we need to consider not only the Bluetooth and the WLAN transmitting at the same time but also transmitting on common frequency.  We can also include in this analysis the effect of Bluetooth not actually transmitting during each opportunity.
Let us define several probabilities.  Let us define the probability that a given Bluetooth packet hops into the WLAN channel as 
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.  As was pointed out in [1] the value of this probability is given by the channel bandwidth divided by the number of Bluetooth hopping frequencies.
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Let us define the probability that Bluetooth transmits during a giving time slot (duty cycle) as 
[image: image23.wmf]DC

p

.

The for each Bluetooth packet the probability that Bluetooth transmits within the WLAN channel is just the product of these two probabilities, since they are independent.
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We would now like to find the probability that there is a joint time/frequency packet collision.  Letting the collision event be referred to as event C, the probability of a packet collision in both time and frequency is given by,
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Using the probability of a temporal collision derived in Section 2, we can write the probability of collision as,

Case 1: 
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Case 2: 
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Conclusions
The formula for probability that a Bluetooth packet collides with a WLAN packet was derived.
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