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1 Introduction
At RAN #81 meeting, it is agreed to adopt Cat. 4 based LBT mechanism as the baseline at least for LAA DL [1]. The Cat.4 operation can be based on feedback/report of UE(s) (e.g. HARQ ACK/NACK) or based on eNB’s assessment (e.g. sensing based adjustment). The LBT Cat.4 operation schemes and the typical parameters are evaluated and suggested in our companion contribution [2]. In this contribution some additional evaluations are performed for the co-existence of Wi-Fi and LAA DL, to investigate the potential fairness provided by LAA with different parameters (ED threshold) or deployment scenarios (UE density).
2 Simulation scenarios and results
2.1 Simulation assumptions
In this contribution, evaluations are performed for the co-existence of Wi-Fi and Cat.4 based LAA. In particular, additional simulations are performed for different LAA CCA-ED thresholds and denser deployment in this contribution. LAA network is modeled with DL-only FTP traffic, while the WiFi networks are modeled with DL+UL FTP + VoIP traffic. Two co-existence scenarios are evaluated for outdoor deployments for single carrier as following:
· Scenario a:  Operator #1 deploys Wi-Fi and Operator #2 deploys Wi-Fi

· Scenario b:  Operator #1 deploys Wi-Fi and Operator #2 deploys LAA-LTE
In addition, the CWS is adjusted based on the ACK/NACK feedback with detailed procedure shown in [2]. 

2.2 CCA-ED

According to the European regulation, -60 dBm CCA-ED threshold is required for 20 MHz carrier. To analyze the impact of LAA CCA-ED threshold to the performance of Wi-Fi and LAA, more sensitive CCA-ED thresholds, including -67 dBm, -72 dBm and -77 dBm are evaluated besides -60 dBm. The performances of average UPT for Wi-Fi and LAA as well as the VoIP outage probabilities for Wi-Fi are shown in following figures. The Cat.4 parameters are assumed as following:

· CWS is adjusted between [16, 1024]

· ECCA slot length =  9 us
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Figure 1: Wi-Fi DL and UL average UPT for LAA and Wi-Fi co-existence under various LAA CCA-ED thresholds(DL and UL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference)
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Figure 2: Wi-Fi DL, UL and total VoIP outage probabilities for LAA and Wi-Fi co-existence various LAA CCA-ED thresholds (VoIP outage of Wi-Fi co-existing with Wi-Fi is presented as reference)
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Figure 3: LAA average UPT for LAA and Wi-Fi co-existence under various LAA CCA-ED thresholds( DL average UPT of Wi-Fi co-existing with Wi-Fi is presented as reference)
Based on the evaluation, it can be seen that the fairness in terms of Wi-Fi UPT performance can be guaranteed by -60dBm threshold in all scenarios. On the other hand, VoIP outage could be impacted by high ED threshold in some high-load region. By reducing the threshold can solve this problem, with the cost of LAA performances being severely impaired. However,  in that high-load region  (>80% VoIP outage ratio), the performance of Wi-Fi is too poor to provide VoIP service with realistic quality, it is not preferred to mandate LAA to reduce its sensing threshold to meet the requirements of such kind of extreme scenario.  
Observation 1: It is not preferred to configure too sensitive CCA-ED threshold to LAA. -60dBm/20M Hz ED threshold should be supported by LAA.
Table 1 Cat.4 results for co-existence of Wi-Fi and ACK/NACK based LAA (CCA-ED threshold  = -60 dBm)
	LBT category
	　
	Low load
	Medium load
	High load

	
	Reported parameters
	BO range for Wi-Fi in Step 1: 10%~25%
	BO range for Wi-Fi in Step 1: 35%~50%
	BO range for Wi-Fi in Step 1: above 55%

	
	　
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA

	
	　
	step 1
	step 2
	in
	step 1
	step 2
	in
	step 1
	step 2
	in

	
	　
	　
	　
	step 2
	　
	　
	step 2
	　
	　
	step 2

	Cat.4

ACK/NACK based
	　
	5%
	1.33
	2.06
	3.62
	0.87
	1.63
	2.61
	0.47
	0.64
	2.52

	
	UPT DL CDF
	50%
	23.8
	29.45
	32.46
	4.78
	13.56
	16.90
	3.23
	4.43
	11.50

	
	[Mbps]
	95%
	41.1
	52.49
	48.60
	22.89
	32.32
	38.99
	17.22
	26.40
	33.88

	
	　
	Mean
	22.8
	29.47
	29.31
	8.83
	14.85
	18.19
	5.93
	8.17
	14.28

	
	　
	5%
	0.09
	0.07
	0.08
	0.16
	0.12
	0.09
	0.19
	0.14
	0.11

	
	Delay DL CDF
	50%
	0.16
	0.13
	0.12
	0.67
	0.27
	0.22
	0.85
	0.67
	0.31

	
	[s]
	95%
	1.85
	1.27
	0.95
	2.34
	1.51
	1.16
	3.85
	3.06
	1.21

	
	　
	Mean
	0.43
	0.27
	0.24
	0.85
	0.52
	0.43
	1.30
	1.01
	0.50

	
	　
	5%
	0.73
	1.00
	－－
	0.48
	0.94
	－－
	0.45
	0.46
	－－

	
	UPT UL CDF
	50%
	19.8
	20.18
	
	2.85
	4.01
	
	2.31
	2.68
	

	
	[Mbps]
	95%
	38.46
	40.51
	
	22.84
	27.49
	
	18.26
	21.69
	

	
	　
	Mean
	17.75
	19.64
	
	6.76
	9.06
	
	4.68
	5.20
	

	
	　
	5%
	0.09
	0.09
	
	0.16
	0.13
	
	0.21
	0.18
	

	
	Delay UL CDF
	50%
	0.20
	0.19
	
	1.00
	0.78
	
	1.00
	0.91
	

	
	[s]
	95%
	2.63
	2.19
	
	3.74
	2.46
	
	3.64
	3.98
	

	
	　
	Mean
	0.72
	0.61
	
	1.24
	1.01
	
	1.35
	1.38
	

	
	𝜌
	0.78
	0.75
	1.0
	0.77
	0.78
	1.0
	0.72
	0.78
	1.0
	

	
	BO
	0.19
	0.15
	0.07
	0.41
	0.31
	0.16
	0.55
	0.46
	0.24
	

	
	VoIP outage
	0.25
	0.20
	－－
	0.71
	0.67
	－－
	0.86
	0.90
	－－
	

	
	VoIP outage

(DL)
	0.24
	0.20
	
	0.68
	0.65
	
	0.85
	0.85
	
	

	
	VoIP outage

(UL)
	0.02
	0.0
	
	0.22
	0.25
	
	0.37
	0.38
	
	

	
	𝜆
	0.4
	0.6 
	　0.7

	Additional comments
	256QAM, LDPC code, Wi-Fi max. duration = 3ms, LAA max. duration = 4ms, CCA-ED = -60dBm, WiFi with DL and UL transmission, CWS~[16, 1024], slot length = 9us, defer time = 34us

	
	


Table 2 Cat.4 results for co-existence of Wi-Fi and ACK/NACK based LAA (CCA-ED threshold  = -67 dBm)
	LBT category
	　
	Low load
	Medium load
	High load

	
	Reported parameters
	BO range for Wi-Fi in Step 1: 10%~25%
	BO range for Wi-Fi in Step 1: 35%~50%
	BO range for Wi-Fi in Step 1: above 55%

	
	　
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA

	
	　
	step 1
	step 2
	in
	step 1
	step 2
	in
	step 1
	step 2
	in

	
	　
	　
	　
	step 2
	　
	　
	step 2
	　
	　
	step 2

	Cat.4

ACK/NACK based
	　
	5%
	1.33
	1.72
	3.41
	0.87
	1.53
	2.36
	0.47
	0.94
	1.32

	
	UPT DL CDF
	50%
	23.8
	31.16
	28.14
	4.78
	8.86
	15.19
	3.23
	4.41
	9.20

	
	[Mbps]
	95%
	41.1
	51.50
	45.71
	22.89
	31.79
	35.40
	17.22
	23.28
	24.30

	
	　
	Mean
	22.8
	28.88
	26.91
	8.83
	12.87
	16.22
	5.93
	8.37
	11.48

	
	　
	5%
	0.09
	0.08
	0.08
	0.16
	0.12
	0.11
	0.19
	0.15
	0.15

	
	Delay DL CDF
	50%
	0.16
	0.12
	0.14
	0.67
	0.40
	0.26
	0.85
	0.67
	0.36

	
	[s]
	95%
	1.85
	1.70
	0.84
	2.34
	1.74
	1.08
	3.85
	2.47
	1.56

	
	　
	Mean
	0.43
	0.36
	0.25
	0.85
	0.64
	0.40
	1.30
	0.89
	0.59

	
	　
	5%
	0.73
	0.80
	－－
	0.48
	0.74
	－－
	0.45
	0.50
	－－

	
	UPT UL CDF
	50%
	19.8
	20.05
	
	2.85
	3.35
	
	2.31
	3.04
	

	
	[Mbps]
	95%
	38.46
	43.84
	
	22.84
	27.21
	
	18.26
	19.75
	

	
	　
	Mean
	17.75
	18.95
	
	6.76
	7.60
	
	4.68
	5.78
	

	
	　
	5%
	0.09
	0.09
	
	0.16
	0.14
	
	0.21
	0.20
	

	
	Delay UL CDF
	50%
	0.20
	0.19
	
	1.00
	0.89
	
	1.00
	0.80
	

	
	[s]
	95%
	2.63
	2.75
	
	3.74
	2.74
	
	3.64
	3.30
	

	
	　
	Mean
	0.72
	0.80
	
	1.24
	1.16
	
	1.35
	1.22
	

	
	𝜌
	0.78
	0.76
	1.0
	0.77
	0.79
	1.0
	0.72
	0.76
	1.0
	

	
	BO
	0.19
	0.16
	0.07
	0.41
	0.34
	0.19
	0.55
	0.45
	0.30
	

	
	VoIP outage
	0.25
	0.20
	－－
	0.71
	0.64
	－－
	0.86
	0.85
	－－
	

	
	VoIP outage

(DL)
	0.24
	0.17
	
	0.68
	0.60
	
	0.85
	0.80
	
	

	
	VoIP outage

(UL)
	0.02
	0.05
	
	0.22
	0.17
	
	0.37
	0.40
	
	

	
	𝜆
	0.4
	0.6 
	　0.7

	Additional comments
	256QAM, LDPC code, Wi-Fi max. duration = 3ms, LAA max. duration = 4ms, CCA-ED = -67dBm, WiFi with DL and UL transmission, CWS~[16, 1024], slot length = 9us, defer time = 34us

	
	


 Table 3 Cat.4 results for co-existence of Wi-Fi and ACK/NACK based LAA (CCA-ED threshold  = -72 dBm)
	LBT category
	　
	Low load
	Medium load
	High load

	
	Reported parameters
	BO range for Wi-Fi in Step 1: 10%~25%
	BO range for Wi-Fi in Step 1: 35%~50%
	BO range for Wi-Fi in Step 1: above 55%

	
	　
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA

	
	　
	step 1
	step 2
	in
	step 1
	step 2
	in
	step 1
	step 2
	in

	
	　
	　
	　
	step 2
	　
	　
	step 2
	　
	　
	step 2

	Cat.4

ACK/NACK based
	　
	5%
	1.33
	1.44
	3.13
	0.87
	1.82
	1.51
	0.47
	0.80
	0.78

	
	UPT DL CDF
	50%
	23.8
	30.81
	23.93
	4.78
	14.06
	11.67
	3.23
	5.13
	8.09

	
	[Mbps]
	95%
	41.1
	48.29
	43.64
	22.89
	32.78
	29.13
	17.22
	29.09
	24.88

	
	　
	Mean
	22.8
	28.13
	23.73
	8.83
	15.50
	13.55
	5.93
	9.45
	9.61

	
	　
	5%
	0.09
	0.08
	0.09
	0.16
	0.11
	0.13
	0.19
	0.13
	0.15

	
	Delay DL CDF
	50%
	0.16
	0.13
	0.16
	0.67
	0.25
	0.30
	0.85
	0.57
	0.41

	
	[s]
	95%
	1.85
	1.69
	0.93
	2.34
	1.60
	1.47
	3.85
	3.21
	2.01

	
	　
	Mean
	0.43
	0.36
	0.31
	0.85
	0.54
	0.53
	1.30
	0.99
	0.69

	
	　
	5%
	0.73
	0.94
	－－
	0.48
	0.98
	－－
	0.45
	0.50
	－－

	
	UPT UL CDF
	50%
	19.8
	21.99
	
	2.85
	3.78
	
	2.31
	2.52
	

	
	[Mbps]
	95%
	38.46
	44.80
	
	22.84
	28.21
	
	18.26
	21.65
	

	
	　
	Mean
	17.75
	20.19
	
	6.76
	10.07
	
	4.68
	5.48
	

	
	　
	5%
	0.09
	0.09
	
	0.16
	0.13
	
	0.21
	0.16
	

	
	Delay UL CDF
	50%
	0.20
	0.17
	
	1.00
	0.88
	
	1.00
	0.88
	

	
	[s]
	95%
	2.63
	2.78
	
	3.74
	2.49
	
	3.64
	3.76
	

	
	　
	Mean
	0.72
	0.64
	
	1.24
	0.99
	
	1.35
	1.29
	

	
	𝜌
	0.78
	0.78
	1.0
	0.77
	0.77
	1.0
	0.72
	0.78
	1.0
	

	
	BO
	0.19
	0.16
	0.08
	0.41
	0.29
	0.23
	0.55
	0.46
	0.33
	

	
	VoIP outage
	0.25
	0.13
	－－
	0.71
	0.51
	－－
	0.86
	0.77
	－－
	

	
	VoIP outage

(DL)
	0.24
	0.12
	
	0.68
	0.50
	
	0.85
	0.72
	
	

	
	VoIP outage

(UL)
	0.02
	0.02
	
	0.22
	0.10
	
	0.37
	0.37
	
	

	
	𝜆
	0.4
	0.6 
	　0.7

	Additional comments
	256QAM, LDPC code, Wi-Fi max. duration = 3ms, LAA max. duration = 4ms, CCA-ED = -72dBm, WiFi with DL and UL transmission, CWS~[16, 1024], slot length = 9us, defer time = 34us

	
	


Table 4 Cat.4 results for co-existence of Wi-Fi and ACK/NACK based LAA (CCA-ED threshold  = -77 dBm)
	LBT category
	　
	Low load
	Medium load
	High load

	
	Reported parameters
	BO range for Wi-Fi in Step 1: 10%~25%
	BO range for Wi-Fi in Step 1: 35%~50%
	BO range for Wi-Fi in Step 1: above 55%

	
	　
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA

	
	　
	step 1
	step 2
	in
	step 1
	step 2
	in
	step 1
	step 2
	in

	
	　
	　
	　
	step 2
	　
	　
	step 2
	　
	　
	step 2

	Cat.4

ACK/NACK based
	　
	5%
	1.33
	1.74
	3.98
	0.87
	1.48
	1.44
	0.47
	1.51
	0.33

	
	UPT DL CDF
	50%
	23.8
	28.58
	19.72
	4.78
	13.31
	8.99
	3.23
	5.76
	5.75

	
	[Mbps]
	95%
	41.1
	47.90
	38.59
	22.89
	36.55
	25.66
	17.22
	28.33
	16.86

	
	　
	Mean
	22.8
	27.76
	21.15
	8.83
	14.85
	10.84
	5.93
	10.33
	7.09

	
	　
	5%
	0.09
	0.08
	0.10
	0.16
	0.10
	0.14
	0.19
	0.14
	0.22

	
	Delay DL CDF
	50%
	0.16
	0.13
	0.19
	0.67
	0.27
	0.40
	0.85
	0.55
	0.50

	
	[s]
	95%
	1.85
	1.56
	0.78
	2.34
	1.84
	1.55
	3.85
	1.90
	4.02

	
	　
	Mean
	0.43
	0.34
	0.27
	0.85
	0.63
	0.58
	1.30
	0.78
	0.98

	
	　
	5%
	0.73
	0.96
	－－
	0.48
	0.74
	－－
	0.45
	0.67
	－－

	
	UPT UL CDF
	50%
	19.8
	20.96
	
	2.85
	3.74
	
	2.31
	3.37
	

	
	[Mbps]
	95%
	38.46
	43.20
	
	22.84
	29.82
	
	18.26
	26.68
	

	
	　
	Mean
	17.75
	19.63
	
	6.76
	9.50
	
	4.68
	7.66
	

	
	　
	5%
	0.09
	0.09
	
	0.16
	0.14
	
	0.21
	0.14
	

	
	Delay UL CDF
	50%
	0.20
	0.18
	
	1.00
	0.86
	
	1.00
	0.92
	

	
	[s]
	95%
	2.63
	2.74
	
	3.74
	3.21
	
	3.64
	3.17
	

	
	　
	Mean
	0.72
	0.67
	
	1.24
	1.09
	
	1.35
	1.16
	

	
	𝜌
	0.78
	0.81
	1.0
	0.77
	0.78
	1.0
	0.72
	0.76
	1.0
	

	
	BO
	0.19
	0.16
	0.10
	0.41
	0.29
	0.26
	0.55
	0.38
	0.40
	

	
	VoIP outage
	0.25
	0.07
	－－
	0.71
	0.47
	－－
	0.86
	0.85
	－－
	

	
	VoIP outage

(DL)
	0.24
	0.07
	
	0.68
	0.45
	
	0.85
	0.80
	
	

	
	VoIP outage

(UL)
	0.02
	0.0
	
	0.22
	0.12
	
	0.37
	0.32
	
	

	
	𝜆
	0.4
	0.6 
	　0.7

	Additional comments
	256QAM, LDPC code, Wi-Fi max. duration = 3ms, LAA max. duration = 4ms, CCA-ED = -77dBm, WiFi with DL and UL transmission, CWS~[16, 1024], slot length = 9us, defer time = 34us

	
	


2.3 Dense UE deployment
Besides the general deployment required by 3GPP, it is also meaningful to investigate the Wi-Fi performance at the scenario deployed with even denser transmitters. In addition to 10 UEs per operator per cluster, the scenario with 20 UEs per operator per cluster is evaluated. Following parameters are used:

· CCA-ED threshold = -60dBm

· CWS is adjusted between [64, 1024]

· ECCA slot length =  9 us

It can be shown that with denser deployment,  LAA Cat.4 can still provide fair co-existence to Wi-Fi, with appropriate LBT parameters setting. How to identify the number of co-existing nodes and then adjusting LBT parameters in LAA LBT procedure can be further investigated.
Observation 2: By adopting Cat.4 with appropriate parameters, LAA can provide fair co-existence with Wi-Fi for very dense network.

Table 5 Cat.4 results for co-existence of Wi-Fi and ACK/NACK based LAA (20 UEs deployed per operator per cluster, X=64, Y=1024])
	LBT category
	　
	Low load
	Medium load
	High load

	
	Reported parameters
	BO range for Wi-Fi in Step 1: 10%~25%
	BO range for Wi-Fi in Step 1: 35%~50%
	BO range for Wi-Fi in Step 1: above 55%

	
	　
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA
	Wi-Fi in
	Wi-Fi in
	LAA

	
	　
	step 1
	step 2
	in
	step 1
	step 2
	in
	step 1
	step 2
	in

	
	　
	　
	　
	step 2
	　
	　
	step 2
	　
	　
	step 2

	Cat.4

ACK/NACK based
	　
	5%
	1.28
	1.03
	4.92
	0.71
	0.65
	2.26
	0.50
	0.47
	1.90

	
	UPT DL CDF
	50%
	28.36
	33.67
	32.25
	9.66
	14.30
	19.67
	3.28
	6.97
	13.64

	
	[Mbps]
	95%
	53.33
	57.14
	47.43
	28.65
	34.56
	41.72
	19.39
	27.69
	34.58

	
	　
	Mean
	28.74
	33.03
	30.12
	11.01
	15.01
	20.48
	6.11
	9.65
	15.04

	
	　
	5%
	0.07
	0.07
	0.08
	0.13
	0.11
	0.09
	0.18
	0.13
	0.11

	
	Delay DL CDF
	50%
	0.13
	0.11
	0.12
	0.39
	0.26
	0.19
	1.0
	0.51
	0.28

	
	[s]
	95%
	2.11
	2.09
	0.60
	2.86
	2.85
	1.32
	3.45
	3.42
	1.57

	
	　
	Mean
	0.37
	0.38
	0.22
	0.89
	0.76
	0.39
	1.26
	1.06
	0.49

	
	　
	5%
	0.89
	0.49
	－－
	0.24
	0.50
	－－
	0
	0.46
	－－

	
	UPT UL CDF
	50%
	25.64
	26.23
	
	8.04
	8.96
	
	2.08
	2.78
	

	
	[Mbps]
	95%
	46.78
	48.19
	
	30.23
	33.61
	
	20.27
	26.37
	

	
	　
	Mean
	25.39
	24.94
	
	10.45
	12.11
	
	6.14
	8.18
	

	
	　
	5%
	0.09
	0.08
	
	0.13
	0.12
	
	0.19
	0.14
	

	
	Delay UL CDF
	50%
	0.15
	0.15
	
	0.49
	0.42
	
	1.20
	1.14
	

	
	[s]
	95%
	2.83
	3.21
	
	4.22
	3.59
	
	4.13
	4.00
	

	
	　
	Mean
	0.50
	0.64
	
	1.34
	1.08
	
	1.58
	1.38
	

	
	𝜌
	0.82
	0.81
	1.0
	0.84
	0.86
	1.0
	0.82
	0.84
	1.0
	

	
	BO
	0.18
	0.16
	0.06
	0.41
	0.36
	0.17
	0.56
	0.48
	0.44
	

	
	VoIP outage
	0.03
	0.01
	－－
	0.57
	0.59
	－－
	0.92
	0.79
	－－
	

	
	VoIP outage

(DL)
	0.03
	0.01
	
	0.56
	0.58
	
	0.90
	0.77
	
	

	
	VoIP outage

(UL)
	0.0
	0.0
	
	0.13
	0.09
	
	0.18
	0.25
	
	

	
	𝜆
	0.15
	0.25
	　0.3

	Additional comments
	256QAM, LDPC code, Wi-Fi max. duration = 3ms, LAA max. duration = 4ms, CCA-ED = -60dBm, WiFi with DL and UL transmission, CWS~[64, 1024], slot length = 9us, defer time = 34us

	
	


3 Conclusion

In this contribution, we performed additional evaluations for the co-existence of Wi-Fi with LBT Cat. 4 based LAA for different LAA CCA-ED thresholds and UE deployment density. Based on the simulation results, we draw the following conclusions:
Observation 1: It is not preferred to configure too sensitive CCA-ED threshold to LAA. -60dBm/20M Hz ED threshold should be supported by LAA.
Observation 2: By adopting Cat.4 with appropriate parameters, LAA can provide fair co-existence with Wi-Fi for very dense network.
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Appendix: Simulation assumptions
The default parameters in the simulation can refer to the baseline in [3]. Besides, some other selected assumptions are given in the following table.

Table 6  Detailed simulation assumptions
	Parameters 
	LAA-LTE 
	Wi-Fi 

	Carrier number
	1

	Traffic model
	BB. FTP3 with packet size of 0.5Mbytes. 
Victim Wi-Fi with UL traffic, others with DL traffic only.

Two additional VoIP UEs are deployed for the victim Wi-Fi network.

The ratio between DL and UL traffic for victim Wi-Fi is with 50% and 50%.

	UE density
	10/20 UEs per operator per cluster

	Tx mode
	MIMO with 1 layer transmission
	MIMO with open loop transmission

	LBT scheme
	Cat. 4
	CSMA/CA

	CCA threshold
	-60/-67/-72/-77dBm for CCA-ED
	-62 dBm  for CCA-ED;

  -82 dBm for CCA-CS

	LAA eCCA / Wifi CCA backoff counter
	1~N CCA slots of LAA-LTE, where N~[1,q];

Cat. 4: q~[16, 1024]
	1~Z-1 CCA slots of Wi-Fi, where Z=16 as a default value, doubled when ACK is not received, and reset to 16 when ACK is received. The max value of Z is 1024

	ECCA slot length
	 9us
	9us

	MPDU size
	NA
	1500k Bytes

	Max transmission time
	4ms
	3ms

	HARQ 
	Retransmission with max 3 times 
	ACK modeled

	Rate control
	Closed loop
	Open loop

	RTS/CTS
	NA

	MCS
	Up to 256QAM for LAA and Wi-Fi

LDPC for Wi-Fi


























































































































