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1 Introduction
At the RAN1#80 meeting the following channel access schemes were discussed and agreed to be further evaluated [1]. 
Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· 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
Although Category 3 (C3) based LAA can already provide guaranteed co-existence with Wi-Fi networks over various traffic loads according to our simulation results in [2], the Wi-Fi performance may still be adversely impacted in ultra high traffic load values since the channel access opportunities of Wi-Fi are decreased due to fixed LAA CW size. In this contribution, we evaluate the co-existence performance of Wi-Fi with DL and UL traffic and LAA with DL-only transmission using C3 and Category 4 (C4) in low, medium, high and ultra high traffic load cases.
2 Simulation scenarios and results
Two co-existence scenarios are evaluated for outdoor deployments with X=4, Y=1 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
For C4, the CW of LAA-LTE is exponentially increased based on the received proportion of NACK as described in [3], where the CW is doubled when received NACK for the last burst is larger than a threshold, and reset to the initial minimum value when at least one ACK is received. Defer time is assumed for both C3 and C4 schemes. 
The deployment parameters are based on the agreed coexistence assumptions in [4] unless otherwise stated in the appendix. Wi-Fi and LAA-LTE performances in Scenario b are shown to compare the co-existence performance of C3 and C4, while the Wi-Fi performance in Scenario a is presented as a reference. 
Table 1 Category3 results for outdoor scenario (low, medium, high traffic loads)
	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.3
	　
	5%
	2.02
	2.27
	24.53
	0.47
	1.75
	9.81
	0.40
	0.71
	4.46

	
	UPT DL CDF
	50%
	26.53
	35.62
	45.75
	4.99
	13.58
	26.53
	3.81
	3.97
	15.64

	
	[Mbps]
	95%
	45.73
	57.31
	57.69
	19.96
	31.54
	46.16
	12.62
	16.21
	35.40

	
	　
	Mean
	24.90
	35.22
	44.76
	7.18
	14.30
	27.08
	4.91
	5.43
	17.64

	
	　
	5%
	0.09
	0.07
	0.07
	0.20
	0.11
	0.09
	0.25
	0.23
	0.10

	
	Delay DL CDF
	50%
	0.15
	0.11
	0.09
	0.57
	0.28
	0.15
	0.57
	0.72
	0.24

	
	[s]
	95%
	1.44
	1.30
	0.14
	4.71
	1.63
	0.38
	5.61
	3.37
	0.62

	
	　
	Mean
	0.36
	0.23
	0.10
	1.15
	0.58
	0.18
	1.23
	1.21
	0.31

	
	　
	5%
	1.39
	1.5
	－－
	0.59
	0.89
	－－
	0.23
	0.44
	－－

	
	UPT UL CDF
	50%
	21.33
	25.03
	
	3.38
	3.50
	
	2.48
	3.13
	

	
	[Mbps]
	95%
	43.96
	44.28
	
	22.77
	23.01
	
	15.32
	13.77
	

	
	　
	Mean
	20.66
	22.40
	
	6.50
	7.46
	
	3.85
	4.38
	

	
	　
	5%
	0.09
	0.09
	
	0.16
	0.16
	
	0.25
	0.26
	

	
	Delay UL CDF
	50%
	0.18
	0.16
	
	0.80
	0.88
	
	0.89
	0.73
	

	
	[s]
	95%
	2.11
	1.76
	
	3.38
	2.85
	
	5.70
	4.20
	

	
	　
	Mean
	0.60
	0.49
	
	1.16
	1.06
	
	1.67
	1.32
	

	
	𝜌
	0.97
	0.94
	1.0
	0.94
	0.99
	1.0
	0.80
	0.95
	1.0

	
	BO
	0.12
	0.10
	0.07
	0.43
	0.35
	0.18
	0.59
	0.61
	0.31

	
	𝜆
	0.4 
	0.7 
	　0.9

	Additional comments
	256QAM, LDPC code, max. duration =10ms, WiFi with DL and UL transmission

	
	


Table 2 Category4 results for outdoor scenario (low, medium, high traffic loads)

	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
	　
	5%
	2.02
	2.37
	16.90
	0.47
	1.27
	6.53
	0.40
	0.68
	1.11

	
	UPT DL CDF
	50%
	26.53
	39.12
	36.42
	4.99
	18.03
	19.75
	3.81
	4.61
	10.76

	
	[Mbps]
	95%
	45.73
	61.54
	50.44
	19.96
	36.75
	35.09
	12.62
	22.85
	24.82

	
	　
	Mean
	24.90
	38.15
	35.98
	7.18
	17.38
	19.80
	4.91
	7.21
	11.37

	
	　
	5%
	0.09
	0.06
	0.08
	0.20
	0.10
	0.11
	0.25
	0.16
	0.15

	
	Delay DL CDF
	50%
	0.15
	0.10
	0.11
	0.57
	0.21
	0.20
	0.57
	0.62
	0.33

	
	[s]
	95%
	1.44
	1.16
	0.22
	4.71
	2.10
	0.56
	5.61
	3.25
	2.13

	
	　
	Mean
	0.36
	0.22
	0.13
	1.15
	0.56
	0.26
	1.23
	1.03
	0.65

	
	　
	5%
	1.39
	1.41
	－－
	0.59
	1.0
	－－
	0.23
	0.50
	－－

	
	UPT UL CDF
	50%
	21.33
	27.65
	
	3.38
	4.10
	
	2.48
	2.74
	

	
	[Mbps]
	95%
	43.96
	46.92
	
	22.77
	27.38
	
	15.32
	16.11
	

	
	　
	Mean
	20.66
	25.14
	
	6.50
	8.46
	
	3.85
	4.55
	

	
	　
	5%
	0.09
	0.08
	
	0.16
	0.15
	
	0.25
	0.23
	

	
	Delay UL CDF
	50%
	0.18
	0.14
	
	0.80
	0.76
	
	0.89
	0.89
	

	
	[s]
	95%
	2.11
	2.10
	
	3.38
	2.50
	
	5.70
	4.30
	

	
	　
	Mean
	0.60
	0.50
	
	1.16
	0.94
	
	1.67
	1.48
	

	
	𝜌
	0.97
	0.96
	1.0
	0.94
	0.93
	1.0
	0.80
	0.93
	1.0

	
	BO
	0.12
	0.10
	0.09
	0.43
	0.29
	0.26
	0.59
	0.52
	0.48

	
	𝜆
	0.4 
	0.7 
	　0.9

	Additional comments
	256QAM, LDPC code, max. duration =10ms, WiFi with DL and UL transmission

	
	


It can be observed from Table 1 and Table 2 that both C3 and C4 based LAA-LTE are not more detrimental to Wi-Fi DL and UL performance than another Wi-Fi network in outdoor deployment over low, medium and high traffic loads. In addition, more gains can be achieved by Wi-Fi when co-existing with C4 based LAA-LTE under the same traffic load since the extended CW of LAA-LTE enables Wi-Fi to capture the channel more easily.

Observation 1: LAA with an LBT category 3 can already protect Wi-Fi over normal traffic loads.

In addition, we also give the results for 𝜆 =1.3 in Table 3 to illustrate whether LAA-LTE can provide fair co-existence with Wi-Fi under some extreme (ultra high traffic load) cases.
Table 3 Category3 and Category4 results for outdoor scenario (ultra high traffic load)
	Additional comments
	　
	Cat.3
	Cat.4

	
	Reported parameters
	BO range for Wi-Fi in Step 1: 75%
	BO range for Wi-Fi in Step 1: 75%

	
	　
	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 2
	　
	　
	step 2

	𝜆  = 1.3;

256QAM, LDPC code, max. duration =10ms, WiFi with DL and UL transmission
	　
	5%
	0.17
	0.14
	0.41
	0.17
	0.18
	N/A

	
	UPT DL CDF
	50%
	2.47
	2.36
	10.34
	2.47
	2.47
	6.25

	
	[Mbps]
	95%
	11.03
	9.67
	25.39
	11.03
	10.36
	20.80

	
	　
	Mean
	3.62
	3.44
	11.56
	3.62
	3.78
	8.52

	
	　
	5%
	0.17
	0.30
	0.15
	0.17
	0.30
	0.16

	
	Delay DL CDF
	50%
	0.42
	0.53
	0.23
	0.42
	0.53
	0.25

	
	[s]
	95%
	7.18
	7.13
	2.25
	7.18
	6.85
	3.08

	
	　
	Mean
	1.90
	1.83
	0.61
	1.90
	1.88
	0.75

	
	　
	5%
	0.13
	0.13
	－－
	0.13
	0.19
	－－

	
	UPT UL CDF
	50%
	2.50
	2.00
	
	2.50
	3.00
	

	
	[Mbps]
	95%
	8.50
	8.50
	
	8.50
	9.50
	

	
	　
	Mean
	3.48
	3.12
	
	3.48
	3.84
	

	
	　
	5%
	0.29
	0.31
	
	0.29
	0.30
	

	
	Delay UL CDF
	50%
	0.50
	0.53
	
	0.50
	0.47
	

	
	[s]
	95%
	5.60
	6.61
	
	5.60
	6.27
	

	
	　
	Mean
	1.49
	1.75
	
	1.49
	1.56
	

	
	𝜌
	0.61
	0.72
	1.0
	0.61
	0.77
	1.0

	
	BO
	0.75
	0.76
	0.61
	0.75
	0.75
	0.70


It seems when the traffic load is high enough, Wi-Fi is slightly harmed by LAA-LTE based on the C3 scheme. However, C4 based LAA-LTE can provide improved Wi-Fi performance which still outperforms that co-existing with another Wi-Fi network at the cost of the degradation of LAA-LTE performance. 
Observation 2: By using an LBT category 4 for LAA where the contention window is exponentially increased based on ACK/NACK feedback, fair co-existence with Wi-Fi can be guaranteed by LAA adopting appropriate parameters even for ultra high traffic load cases.

3 Conclusion

In this contribution, we performed evaluations for the co-existence of Wi-Fi with LBT category 3 and 4 schemes based LAA under outdoor deployment, and presented suggested parameters of contention window for LBT category 4 to provide fair co-existence with Wi-Fi. Based on the simulation results, we draw the following conclusions:
Observation 1: LAA with an LBT category 3 can already protect Wi-Fi over normal traffic loads.

Observation 2: By using an LBT category 4 for LAA where the contention window is exponentially increased based on ACK/NACK feedback, fair co-existence with Wi-Fi can be guaranteed by LAA adopting appropriate parameters even for ultra high traffic load cases.
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Appendix: Simulation assumptions
The default parameters in the simulation can refer to the baseline in [4]. Besides, some other selected assumptions are given in the following table.

Table 4 Detailed simulation assumptions 

	Parameters 
	LAA-LTE 
	Wi-Fi 

	Carrier number (Y)
	1

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

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

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

	LBT scheme
	C3/4
	CSMA/CA

	CCA threshold
	-70dBm
	-62 dBm  for CCA-ED;

  -82 dBm for CCA-CS

	Length of extended CCA (C3/4) / Wifi CCA backoff
	1~N CCA slots of LAA-LTE, where N~[1,q];

C3: q = 32;

C4: q=[128, 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

	CCA slot length
	 24us
	8us

	MPDU size
	NA
	1500k Bytes

	Max transmission time
	10ms
	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


























































































































