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Abstract

Alternative proposals from the Reuse Model ad hoc for consideration by the FRCC.
Proposal 1 for Reuse Modeling
For the enterprise model only, results shall be provided both with and without reuse.

In the no reuse case, the BSS is simulated as defined in the scenario.

For the case of reuse, the scenario is modified as follows.

Place 6 co-channel APs on a circle equidistant from the AP in the simulated BSS. 

For simplicity, all the interference from the 6 co-channel BSS is assumed to come from the 6 co-channel AP, which are always transmitting. Thus, in the simulated BSS each STA sees a different aggregate interference level which remains fixed for the duration of the simulation.

	Band
	Bandwidth
	Number of Carriers
	Reuse Distance

(X)

	2.4 GHz
	20 MHz
	3
	30 m

	5 GHz
	20 MHz
	28
	92 m

	5 GHz
	40 MHz
	14
	65 m


The reuse distance X above, is determined (approximately) based on a hexagonal cellular geometry. 

Place the first co-channel AP at location (0, X). Place the remaining co-channel APs 60 degrees apart around the circle.

Proposals 2, 3 and 4 for Reuse Modeling 

The time-weighted CDF of physical layer data rate or SNR is collected during the simulation. Three alternative ways to determine the tolerable signal-to-cochannel-interference ratio have been proposed.
Alternative 1: From the AWGN PER vs SNR curve for the 10th percentile of the time-weighted achieved physical layer data rate, define t, the tolerable signal-to-cochannel-interference ratio as the SNR corresponding to a PER=10%.
Alternative 2: From the AWGN PER vs SNR curve for the time-averaged achieved physical layer data rate, define t, the tolerable signal-to-cochannel-interference ratio as the SNR corresponding to a PER=10%.

PER=10% is arbitrary, however, note that the AWGN PER vs SNR curve for any rate is quite steep. More simply, the tenth-percentile of the SNR in the simulation can be collected directly:

Alternative 3: Define t, the tolerable signal- to-cochannel-interference ratio as the tenth percentile of the time-weighted achieved link SNR.

Changes to Appendix 1 for Proposals 2, 3 and 4
Assumptions/ notes:

· The procedure below is intended for system capacity comparison between TGn proposals, and therefore a simplification of real-life system capacity prediction.  

· For simplification, a 2-dimensional deployment (translate potential floor-to-floor effects into a 2D description) has been assumed.

· For the sake of simplicity: assume CCI has an AWGN nature

· Alternative 1: For a simulation scenario, the time-weighted CDF of the physical layer data rate is defined as 

Fr (x)
= 
[∑ Ir(n)<=x t(n)] / ∑t(n)
where r(n) denotes the rate at which the nth successful data MPDU is transmitted and t(n) denotes the PPDU transmission time of the nth successfully transmitted data MPDU (i.e. including transmission time of preamble, PLCP header).

Ir(n)<=x
=
1
for r(n)<=x


=
0
otherwise

The tenth percentile of the physical layer data rate is the value r0.1 such that Fr (r0.1) = 0.1. From the AWGN PER vs SNR curve for rate r0.1 , define t, the tolerable signal-to-cochannel-interference ratio as the SNR corresponding to a PER=10%.
· Alternative 2: For the simulation scenario, the average physical layer data rate is defined as 

rmean =  ∑ r(n)t(n)/ ∑t(n)
where r(n) denotes the rate at which the nth successful data MPDU is transmitted and t(n) denotes the PPDU transmission time of the nth successfully transmitted data MPDU (i.e. including transmission time of preamble, PLCP header).

From the AWGN PER vs SNR curve for rate rmean, define t, the tolerable signal-to-cochannel-interference ratio as the SNR corresponding to a PER=10%.

· Alternative 3: For a simulation scenario, the time-weighted CDF of the SNR is defined as 

Fs (x)
= 
[∑ Is(n)<=x t(n)] / ∑t(n)
where s(n) denotes the SNR of the link when the nth successful data MPDU is transmitted and t(n) denotes the PPDU transmission time of the nth successfully transmitted data MPDU (i.e. including transmission time of preamble, PLCP header).

Is(n)<=x =
1
for s(n)<=x


=
0
otherwise

Define t, the tolerable signal-to-cochannel-interference ratio as the tenth percentile of the SNR i.e. the value s0.1 such that Fs (s0.1) = 0.1.
· Legend:

· t = tolerable signal-to-co-channel-interference ratio 

· f = number of available frequency channels – As a reference for comparison, the frequency bands available will be based on target FCC bands for the 2006 time frame.  Based on the following bands in the 5 GHz region:  5.150-5.250 GHz, 5.250-5.350 GHz, 5.725-5.825 GHz, 5.750-5.850 GHz and 5.470-5.725 GHz.  As an additional re-use factor calculation based on the following band in the 2.4 GHz region:  2.400 GHz – 2.4835 GHz.
· r = cell radius

· d = distance between AP’s utilizing the same frequency    

· g = propagation loss coefficient (free space = 3.5 – From IEEE 11-03/0871r0 Section 2: SISO WLAN Models)
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Figure 1 - Definition of geometry for CCI calculation

1. For all modes in both frequency bands (2.4 GHz and 5 GHz), calculate the freq re-use factor based on CCI, using the following formula: 


Tolerable signal-to-co-channel ratio: 
t = ((d – r)/r)^g


Leading to:  spatial re-use factor:
 
s = (d/r)^2 = (1+t^(1/g))^2

2.  Translate the frequency re-use factor in the expected reduction in capacity of one cell, using the following formula:

System capacity reduction due to CCI :  
e  = s / f

3.  Simulate the usage cases described one cell, and apply the capacity reduction factor derived in 2:

Example:

Assume that the tolerable signal to co-channel SNR level for an 802.11a system is 26 dB.  The ratio of 26 dB is 398.  s in free space follows to be:

s = (1+398^(1/3.5))^2 = 43

Assuming 8 channels for 802.11a:

e = 43/8 = 5

So for a max throughput of approximately 30 Mbps, the throughput in a large enterprise deployment where co-channel APs are present, the effective throughput is reduced a factor of 5 to 6 Mbps. 
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