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1
Introduction

In RAN1#80, it was agreed to categorize the LBT schemes for evaluation as follows [1]:
· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window
The contention window size is fixed in the category 3 LBT, so it might be hard to control the Wi-Fi-LTE fairness if the uniform distribution is used as a random number selection scheme. To solve this problem, we can consider various random number selection schemes applied with non-uniform distribution. As an example, we selected the binomial distribution in this contribution. We provide the simulation result of the category 3 LBT which is applied with the binomial distribution as a random number selection scheme and compare it with the category 3 LBT which is applied with the uniform distribution.
2
Simulation results of Category 3 LBT 
We configured the LBT parameters which are discussed in RAN1#80bis as Table. 1 [2]. Most LAA parameters is configured to same value with that of Wi-Fi. But the difference is that LAA has the single CCA threshold level, -62 dBm, and use category 3 LBT scheme with the uniform distribution or binomial distribution. 
Table 1. Simulation parameters for LBT
	
	LAA
	Wi-Fi

	BiCCA

(Initial CCA period)
	34µs
	34µs

	DeCCA

(eCCA defer period)
	34µs
	34µs

	T

(eCCA slot duration)
	9µs
	9µs

	 q  
(Contention window)
	32 
	32

	CCA threshold
	-62dBm
	CCA-ED:-62dBm

CCA-SD:-82dBm

	LBT scheme
	Category 3 LBT
	CSMA/CA

	Random number selection
	Uniform Distribution

Binomial Distribution
	Uniform Distribution

	Additional comments
	TXOP  = 4ms
FTP model 1

Antenna configuration : 2x2

No 256 QAM

Without licensed carrier


	TXOP  =  4ms

FTP model 1

Antenna configuration : 2x2
No 256 QAM
No LDPC
RTS/CTS disabled

DL only


Figure 1 shows the simulation result of the LAA-LAA coexistence situation when the uniform distribution or binomial distribution is applied to generate the random number of the category 3 LBT scheme. It shows that the LAA-LAA coexistence performance of the binomial distribution is better than that of the uniform distribution. 
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Figure 1. LAA-LAA coexistence performance of two selection distribution, uniform and binomial
Observation 1: At least in the category 3 LBT, it might not be optimal to draw a random number from the uniform distribution in the LAA-LAA coexistence situation.
Figure 2 shows the simulation result of the Wi-Fi-LAA coexistence situation when the binomial distribution with various success probability ‘p’ is applied to the category 3 LBT scheme. It is clear that the fairness between Wi-Fi and LAA can be controlled with the success probability ‘p’. As similar with the binomial distribution, the fairness can be controlled by other non-uniform distributions with the each distribution parameter like success probability ‘p’ in binomial distribution. 
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Figure 2. Wi-Fi-LAA coexistence performance of the binomial distribution with various ‘p’ (0.1 and 0.9) 
Observation 2: At least in the category 3 LBT, it is possible to control the fairness in the Wi-Fi-LAA coexistence situation using the parameter of the non-uniform distribution.
From the observation 1 and 2, the non-uniform distributions should be discussed as a LBT design option for LAA. And more evaluations are needed to find out the optimal distribution and parameter for the random number generator of the LBT scheme.
Proposal: At least in the category 3 LBT, it should be discussed to draw random numbers from the non-uniform distribution.
3
Conclusion
In this contribution, we propose to discuss on various random number selection schemes for the LBT scheme of LAA in view of both the Wi-Fi-LAA coexistence and the LAA-LAA coexistence.
Observation 1: At least in the category 3 LBT, it might not be optimal to draw a random number from the uniform distribution in the LAA-LAA coexistence situation.
Observation 2: At least in the category 3 LBT, it is possible to control the fairness in the Wi-Fi-LAA coexistence situation using the parameter of the non-uniform distribution.

Proposal: At least in the category 3 LBT, it should be discussed to draw random numbers from the non-uniform distribution.
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