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1
Introduction

The new Study Item on LAA using LTE in 5GHz unlicensed spectrum has been approved in RAN #65 [1]. This study will identify LAA physical layer options to meet the regulatory requirements of unlicensed band and to coexist with other technologies such as Wi-Fi and other LTE operators. 
In this contribution, we will discuss on the simulation results which compare with two types of LBT and deal with the impact of DFS regulatory requirements on LAA. 
2
Considerations on LBT
From results of laboratory test on evaluating impact to Wi-Fi by LTE signal in [2], we affirm that new functionality for LAA should be required to avoid performance degradation of Wi-Fi. LBT based channel access mechanism enable LAA to fairly share unlicensed spectrum. According to European regulatory requirements, ETSI defines two types of channel access mechanisms: Frame based Equipment (FBE) and Load based Equipment (LBE). These mechanisms in [3] can be good solutions for LAA to access unlicensed spectrum. Therefore, it is necessary to evaluate two LBT mechanisms to decide which one is suitable for LAA in the presence of Wi-Fi network. In this contribution, we compare the FBE and the LBE in terms of file transferred time and throughput performance in three scenarios. 
Table 1 –Simulation Scenarios
	
	Deployment 
	# of  nodes attempting to transmit data

	Scenario I
	Only one of two LBT types
	5 for FBE

	
	
	5 for LBE

	Scenario II
	Coexistence of two LBT types
	2 for FBE and 4 for LBE

	
	
	3 for FBE and 3 for LBE

	
	
	4 for FBE and 2 for LBE

	Scenario III
	LBT + Wi-Fi
	1 for FBE and 4 for Wi-Fi

	
	
	1 for LBE and 4 for Wi-Fi

	

	Scenario I
	Scenario II
	Scenario III
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Assumptions:

To focus on performance of LBT mechanisms itself, we assumed that transmission error is not occurred and all nodes can detect the transmission of other nodes. All nodes using LBT are considered as LAA eNBs which try to transmit data to one UE using 100 RBs with ITBS (0, 7, or 25) in every downlink subframe.
The simulation parameters are presented in Table 2.
Table 2 – Simulation Parameters 
	Parameters
	Values

	CCA time for FBE and LBE
	20 us

	Channel Occupancy Time (COT)
	     4 ms (considering Max. duration in Japan)

	
	10 ms (considering LTE frame duration)

	Idle Period for FBE
	5 %

	Maximum Extended CCA for LBE
	200 us for COT of 4 ms

	
	500 us for COT of 10ms

	File Size on FTP Model
	0.5 Mbytes

	Packet Arrival Rate
	2.5

	Wi-Fi Channel Access Mechanism
	DCF Scheme


Using parameters in Table 2, simulation results including file transferred time and throughput performance are provided in Figure 1 to 6, respectively, for three scenarios. 
Scenario I
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Figure 1 Simulation results on Scenario I (COT=4m, ITBS=0)
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Figure 2 Simulation results on Scenario I (COT=10m, ITBS=0)
In the case that only one mechanism is deployed, FBE has better performance than LBE because there is no overhead for accessing to unlicensed spectrum like extended CCA of LBE. If there is no LBE such as Wi-Fi (CSMA/CA) network in the vicinity of LAAs, FBE may be regarded as a candidate LBT mechanism for LAA. Since there are many cases which LAA is densely or closely located in the vicinity of Wi-Fi networks in the real environment, Scenario I is impractical.
Scenario II
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Figure 3 Simulation results on Scenario II (COT=4ms, ITBS=0)
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Figure 4 Simulation results on Scenario II (COT=10ms, ITBS=0)
Note that (F:L) in Figure 3 and 4 denotes (the number of FBE nodes : the number of LBE nodes). In case of coexistence between FBE and LBE, LBE provides better performance than FBE regardless of the ratio of FBE and LBE nodes. Thus, LBE has more chance to access unlicensed spectrum than FBE in Scenario II.
Scenario III
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Figure 5 FBE vs LBE performance on Scenario III (COT=4ms, ITBS=7)
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Figure 6 FBE vs LBE performance on Scenario III (COT=10ms, ITBS=25)

In Scenario III, we investigate the throughput performance of FBE and LBE in the presence of Wi-Fi (CSMA/CA) networks. The symbols, F, L and W, used in (F:W) and (L:W) of Figure 5 and 6 denote the number of FBE, LBE, and Wi-Fi nodes, respectively. From the above results, we could confirm that LBE provides better performance than FBE in the situation of coexistence between LAA and Wi-Fi. 
Proposal 1: LBE can be recommended for LAA to coexist with Wi-Fi (CSMA/CA) networks.
3
Impact of DFS regulatory requirements on LAA
There are DFS requirements defined in ETSI EN 301 893 in order to protect radar systems [3]. Among these requirements, ‘Non-occupancy Period’ should be carefully considered when we discuss on LAA with DFS functionality because the required value, 30 minutes or more, is relatively long time. ‘Non-occupancy Period’ is defined as a time duration that the device shall not make any transmission on operating channel after a radar signal was detected on that channel. 
Table 3: DFS requirements in ETSI EN 301 893

	Parameters
	Values

	Channel Availability Check Time
	60 s

	Channel Closing Transmission Time
	< 1 s

	Channel Move Time
	< 10 s

	Non-occupancy Period
	After 30 min.

	Interference Threshold
	-62 dBm


While LAA carries out DFS function, it may unintentionally detect Wi-Fi signals with greater than -62dBm as a radar signal, and then it moves to one of available channels. The false detection problem also could be occurred to Wi-Fi when it detects a LAA signal as a radar signal. In this case, solutions to prevent LAA falsely detecting Wi-Fi signal as a radar signal should be considered. In order to solve the false detection problems, LAA should employ not only a solution for discriminating Wi-Fi signal and radar signals but also a “friendly solution” which can reduce the occurrence of channel switch for existing Wi-Fi devices.
This “friendly solution” has benefit even to LAA in unlicensed band without DFS requirement or when LAA signals with less than -62dBm are received at Wi-Fi nearby LAA cell. One of these friendly solutions is adding Wi-Fi preamble at the head of the LAA frame to be detected by carrier sensing CCA of Wi-Fi system. To demonstrate that Wi-Fi interference to LAA can be reduced, we considered an interference scenario between LAA and Wi-Fi as shown in Figure 7.
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Figure 7 Interference scenario between LAA and Wi-Fi

Adding Wi-Fi preamble at the head of the LAA frame can mitigate LAA throughput degradation because Wi-Fi receiver will hold the CCA signal busy for LAA signals over -82dBm, which is 20dB lower than the CCA level for non-Wi-Fi signal (-62 dBm). As illustrate in Figure 8, the Wi-Fi no-transmission region can be enlarged because Wi-Fi considers LAA signal with Wi-Fi preamble below -62dBm not as non-Wi-Fi signal but as another Wi-Fi signal. Figure 9 shows the improvement of LAA throughput in the presence of Wi-Fi due to the extension of Wi-Fi no-transmission region.
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Figure 8  Extension of Wi-Fi No-transmission region
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Figure 9 Effect of adding Wi-Fi preamble on LAA throughput
Proposal 2: To coexist between Wi-Fi and LAA with DFS function, solutions for discriminating Wi-Fi (LAA) signal and radar signal at LAA (Wi-Fi) system should be discussed.
4
Conclusion 
In this contribution, we have discussed the performance of two types of LBT mechanism and impact of DFS function on LAA with system-level simulation results. 
Proposal 1: Load based LBT can be recommended for LAA to coexist with Wi-Fi (CSMA/CA) networks.
Proposal 2: To coexist between Wi-Fi and LAA with DFS function, solutions for discriminating Wi-Fi (LAA) signal and radar signal at LAA (Wi-Fi) system should be discussed.
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