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1 Introduction
In RAN1#80bis, it has been agreed that the Category 4 LAA LBT mechanism should be based on a more Wi-Fi-like scheme as described in [1]. This scheme represents a milestone towards fairness between LAA and Wi-Fi. Our contribution [2] has shown that the agreed Category 4 LBT scheme (3GPP Cat 4 or simply Cat 4 scheme for short) is a promising scheme to be considered as a common working assumption. However, our simulations in [2] have shown that the issue of fair coexistence still persists especially in the high load region for the non-hidden AP case. On the other hand, in the presence of hidden APs, the 3GPP Cat 4 scheme performs much better than our earlier scheme (Scheme B Exp) [2]. However, the cell edge performance of the LAA aggressor still lags behind that of the Wi-Fi baseline in the presence of hidden APs. 
Note that the 3GPP Cat 4 results in [2] is based on a maximum channel occupancy time (MCOT) of 10ms. However, the Wi-Fi maximum PPDU duration is 4 ms. Such an imbalance between the two settings may give rise to an advantage of LAA over Wi-Fi which was observed in the high load especially in the non-hidden AP environment. 
The objective of this contribution is two-folded:
1) To confirm the role of MCOT and the extent of its impact on the fairness between LAA and Wi-Fi; 
2) To understand the impact it has on the design trade-off between fairness and performance. 
Based on the above objective, the MCOT value in this contribution is set to be 4ms (as oppose to 10 ms in [2]). 

2 Simulation results and discussions
Other than reducing the MCOT value from 10 ms (as in [2]) to 4 ms, all simulation assumptions remain the same as those in the [2]. For more details regarding the earlier LBT (Scheme B Exp) scheme as well as the 3GPP Cat 4 LBT scheme, please refer to [2]. 
In the absence of hidden APs 
Figure 1 shows the network throughput as a function of load for Scheme B (exp), Cat 5 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks. Figure 2 to Figure 4 show the 95th%-ile, median, and the 5th %-ile user perceived throughput (UPT) respectively as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) network in the absence of hidden APs.
The results collectively suggest that, in the absence of hidden APs, the use of 4 ms MCOT for the 3GPP Cat 4 can provide a good level of fairness between LAA and Wi-Fi over the entire range of traffic load, even though the performance of the LAA aggressor is slightly below that of the Wi-Fi baseline. A very similar performance can be achieved by the Scheme B Exp. 
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[bookmark: _Ref420253597]Figure 1 Network throughput as a function of load for Scheme B (exp), Cat 5 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.
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[bookmark: _Ref420253626]Figure 2 95th%-ile UPT as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) network.
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Figure 3 Median UPT as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.
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[bookmark: _Ref420253634]Figure 4 5th%-ile UPT as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.

In the presence of hidden APs 
Figure 5 shows the network throughput as a function of load for Scheme B (exp), Cat 5 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks. Figure 6 to Figure 8 show the 95th%-ile, median, and the 5th %-ile user perceived throughput (UPT) respectively as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) network in the presence of hidden APs.
The results collectively suggest that the use of a 4 ms MCOT for the 3GPP Cat 4 can provide a good level of fairness between LAA and Wi-Fi over the entire range of traffic load also in the presence of hidden APs. As before, the performance of the LAA aggressor is slightly below that of the Wi-Fi baseline, but a more visible degradation compared to the non-hidden AP case is observed. 
The edge performance of the LAA aggressor is still visibly below that of the Wi-Fi baseline with the use of a 4 ms MCOT value, although such performance is significantly better than that of Scheme B Exp. Compared to the results for MCOT=10ms shown in [2], the performance for the edge LAA aggressor in the MCOT=4ms case improves slightly. On the other hand, a reduction of MCOT from 10ms to 4ms reduces the median and peak LAA UPT while improves the general UPT of the Wi-Fi victim slightly especially in the high load. The observation is consistent with the expectation, as it is the more advantageous UEs who can benefit more from a larger MCOT. 
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[bookmark: _Ref420253768]Figure 5 Network throughput as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.
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[bookmark: _Ref420253778]Figure 6 95th%-ile UPT as a function of load for Scheme B (exp), Cat4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.
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Figure 7 Median UPT as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.
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[bookmark: _Ref420253783]Figure 8 5th%-ile UPT as a function of load for Scheme B (exp), 3GPP Cat 4 LBT, and Wi-Fi baseline for victim (left) and aggressor (right) networks.

Observation 1: Reducing an MCOT from 10 ms to 4ms for the 3GPP Cat 4 scheme improves the fairness between the LAA aggressor and Wi-Fi victim. 
Observation 2: The benefit in fairness by reducing an MCOT from 10 ms to 4ms in the 3GPP Cat 4 scheme occurs mainly in the high load region. However, such benefit is at the expense of a non-negligible degradation of median and peak UPT for the LAA aggressor. 

3 Conclusion 
Observation 1: Reducing an MCOT from 10 ms to 4ms for the 3GPP Cat 4 scheme improves the fairness between the LAA aggressor and Wi-Fi victim. 
Observation 2: The benefit in fairness by reducing an MCOT from 10 ms to 4ms in the 3GPP Cat 4 scheme occurs mainly in the high load region. However, such benefit is at the expense of a non-negligible degradation of median and peak UPT for the LAA aggressor.
[bookmark: _GoBack]Proposal 1: MCOT can potentially be used in the specification as an option to mediate the trade-off between fairness and LAA performance. Recommended values can be set at different regions of operating load. 
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