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1. Introduction 
Open loop MIMO (OL-MIMO) including open loop MCS/rank adaptation has been assumed for Wi-Fi in the evaluation of coexistence of Wi-Fi and LAA in the latest version of TR 36.889. However, it was shown by Broadcom [2] that closed loop MIMO (CL-MIMO) can significantly improve the Wi-Fi spectral efficiency (SE), which may substantially affect the coexistence evaluation results. This is mainly due to the fact that once the Wi-Fi SE improves and becomes close to the LAA SE, the difference in buffer occupancy (BO) between Wi-Fi and LAA becomes less. Note that the BO plays a key role in the coexistence evaluation. As seen in the most companies’ evaluation results [2], the BO of LAA is much lower than that of Wi-Fi with the same offered load, i.e., the same file arrival rate, λ. The lower BO of LAA leads to the lesser interference from LAA to Wi-Fi, improving the Wi-Fi performance. In other words, the Wi-Fi performance is improved when it coexists with LAA rather than another Wi-Fi network. Indeed, the big gap in BO between LAA and Wi-Fi can make it difficult to evaluate the impact of LAA LBT design on the Wi-Fi performance since the coexistence evaluation results tend to be insensitive to the LAA LBT design. Improved SE of Wi-Fi by advanced technologies such as CL-MIMO can make the BO gap between Wi-Fi and LAA smaller, which leads to more impact of LAA on Wi-Fi according to the current evaluation methodology [1]. In this context, it was agreed by RAN1 during the LAA ad-hoc meeting in March, 2015 that the following coexistence evaluation assumptions are added. 

· Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI for Wi-Fi nodes in the Y=1 indoor scenario.
In this contribution, we provide coexistence evaluation results for Wi-Fi and LAA scenario with the above assumptions. In particular, we evaluate and compare the coexistence evaluation results for:
· Three different LAA channel access categories [1]: Category 1 (no LBT), Category 3 (LBT with random backoff with fixed size of contention window), and Category 4 (LBT with random backoff with variable contention window).
· LAA ED thresholds: -62 dBm vs. -82 dBm.

· FTP performance (i.e., UPT) and VoIP outage performance. 

2. Simulation Assumptions 
Our simulations follow the evaluation methodology defined in the latest version of  LAA TR [1].  
LAA

The following particular setup is used in our simulations unless stated otherwise.  
· LBT options used in the simulations 
We consider the following LAA LBT options. 

1) No LBT (i.e., Category 1 in [1])
2) LBT with random backoff with fixed size of CW (i.e., Category 3 in [1])

· CCA

· LBT always start with CCA. Only at the start of channel access for each data burst, generate a random counter, N between [1, q], where we evaluate q = 16 and 32 (please refer to [5]).
· Sensing duration: 34 μsec

· If idle, enter the eCCA stage. Otherwise, stay in the CCA stage and sense the channel again after 34 μsec. 
· eCCA

· Sensing duration: 10 μsec

· If idle, decrement the counter by 1 (i.e., N = N - 1). Otherwise, go back to the CCA stage, in which N is held.
· Once N reaches zero, start to transmit an LAA burst.
3) LBT with random backoff with variable contention window (i.e., Category 3 in [1])

· Same as 2) except exponential backoff.

· Exponential backoff: If the LAA burst has any TB error, double the CW up to a maximum of 1024 (CWmax). If no error in the LAA burst is observed, reset the CW to CWmin. We evaluate two values of CWmin, 16 and 32. 

· Max LAA burst length: 4 msec

· Forward and backward partial sub-frames used if the start of an LAA burst is not aligned with the sub-frame boundary (please refer to [6] for more details)

· Two options for usage of unlicensed band are assumed: 

· Only unlicensed band is used for LAA data transmission
· Each eNB uses only one 20 MHz unlicensed carrier for LAA data transmission. The unlicensed carrier is potentially be used for PDSCH and PDCCH data transmission.    
· Self-carrier scheduling assumed

· 3 OFDM symbols for control region on unlicensed carrier  
Wi-Fi 

· CL-MIMO
· After every successful packet reception, CSI information is updated at the AP. No explicit feedback overhead modeled. 
· If there has been no successful packet reception at the STA for an interval of 100 ms, the AP falls back to a default configuration, QPSK, code rate = ½, and rank = 1, for the STARTS/CTS: Not applied.
· Short GI of 400ns is used for each WiFi OFDM symbol

· VoIP related assumptions
· EDCA applied. CWmin = 3 and CWmax = 7.
· QoS aware scheduling assumed: AP schedules VoIP packets first.
· According to [2], in addition to 10 FTP users, two additional VoIP users are randomly dropped per cluster (building in the indoor case) only on the WiFi unlicensed carrier which is not replaced with LAA. 

· Performance metric

· Number of VoIP users in outage: A VoIP user is declared to be in outage if its 98%-tile delay is larger than 50 ms [1]. 

3. Simulation Results: Coexistence of Wi-Fi and LAA
The evaluation methodology assumes the following [2]:

· For each UE and eNB/AP drop

· Step 1: Performance metrics for two Wi-Fi networks coexisting in a given evaluation scenario are evaluated and recorded.

· 
Step 2: Wi-Fi is replaced with LAA for the group of eNBs and UEs served by one of the Wi-Fi operators. Performance metrics of the Wi-Fi network coexisting with the LAA network are evaluated and recorded.

A comparison of the performance metrics between the two steps for the Wi-Fi network that was not replaced with LAA can be used to evaluate coexistence between LAA and Wi-Fi in an unlicensed band. 

For convenience, we define the following two cases:

· Case 1: ‘Wi-Fi + Wi-Fi’ deployment scenario in Step 1

· Case 2: ‘Wi-Fi  + LAA’ deployment scenario in Step 2

Wi-Fi + LAA cases are studied for the following the DL-only coexistence simulation scenarios:

· Indoor deployment with one unlicensed carrier

The 5%-ile, 50%-ile and 95%-ile of the UPT and delay CDFs as well as the corresponding mean values are presented for FTP traffic.  The VOIP outage is shown for mixed traffic. The LAA procedures considered for coexistence evaluations fall into the following category as per the current discussion [3]:
· Category 0: No LBT 

· Category 3: LBT with random backoff with fixed size of contention window

· Category 4: LBT with random backoff with  variable contention window

For each case, we provide results for indoor/outdoor and low/medium/high buffer occupancy, where ~[15-30]%/~[35-50]%/~[60-80]% buffer occupancy is interpreted as low/medium/high system load.  Figure 1 show the UPT performance for FTP only traffic, Figure 2 shows the comparison of WiFi CL-MIMO and OL WiFi co-existence results, while Figure 3 shows the VOIP outage performance in mixed traffic in the indoor scenario with one unlicensed carrier. Detailed performance comparison of various LBT options are presented in Tables 1 and 2. For completeness, we also provide the performance results, with Open-Loop rate control for WiFi and Long GI, as discussed in another contribution [4].
3.1. Indoor deployment with one unlicensed carrier

Table 1: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic 

	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	
	
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2


	Intel
	0
	UPT CDF

[Mbps]
	5%
	22.46
	19.90
	45.61
	7.91
	6.87
	31.57
	2.11
	2.56
	23.00

	
	
	
	50%
	48.73
	37.72
	66.38
	30.49
	25.05
	56.78
	11.27
	9.71
	41.81

	
	
	
	95%
	77.69
	62.06
	95.00
	63.66
	45.04
	89.49
	41.48
	27.01
	74.03

	
	
	
	Mean
	49.55
	39.35
	68.26
	32.50
	25.90
	57.98
	15.63
	11.53
	45.45

	
	
	Delay CDF

[s]
	5%
	0.05
	0.07
	0.04
	0.06
	0.09
	0.05
	0.11
	0.17
	0.06

	
	
	
	50%
	0.09
	0.12
	0.06
	0.15
	0.19
	0.07
	0.60
	0.81
	0.10

	
	
	
	95%
	0.21
	0.27
	0.09
	0.95
	1.46
	0.15
	26.27
	8.35
	0.21

	
	
	
	Mean
	0.11
	0.13
	0.07
	0.31
	0.35
	0.08
	4.69
	1.94
	0.12

	
	
	𝜌
	1.00
	1.00
	1.00
	1.00
	0.98
	1.00
	0.89
	0.92
	1.00

	
	
	BO
	0.16
	0.19
	0.12
	0.30
	0.33
	0.18
	0.64
	0.69
	0.28

	
	
	𝜆
	0.83
	1.0
	1.25

	
	Unlicensed only, Sensing threshold = 0 dBm, defer period not used, CCA = 0 us, ECCA = 0 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + CL-WiFi, Short GI,  no 256QAM

	Intel
	3
	UPT CDF

[Mbps]
	5%
	22.46
	22.32
	28.67
	7.91
	7.48
	12.36
	2.11
	2.37
	5.83

	
	
	
	50%
	48.73
	47.45
	52.06
	30.49
	28.66
	37.85
	11.27
	11.58
	21.97

	
	
	
	95%
	77.69
	80.65
	73.42
	63.66
	64.53
	60.85
	41.48
	37.55
	41.52

	
	
	
	Mean
	49.55
	49.12
	51.84
	32.50
	31.82
	37.16
	15.63
	14.88
	22.86

	
	
	Delay CDF

[s]
	5%
	0.05
	0.05
	0.06
	0.06
	0.06
	0.07
	0.11
	0.13
	0.10

	
	
	
	50%
	0.09
	0.09
	0.08
	0.15
	0.17
	0.12
	0.60
	0.60
	0.22

	
	
	
	95%
	0.21
	0.25
	0.18
	0.95
	1.46
	0.51
	26.27
	8.27
	1.78

	
	
	
	Mean
	0.11
	0.12
	0.09
	0.31
	0.40
	0.16
	4.69
	1.70
	0.48

	
	
	𝜌
	1.00
	0.98
	1.00
	1.00
	1.00
	1.00
	0.89
	0.91
	0.99

	
	
	BO
	0.16
	0.17
	0.16
	0.30
	0.31
	0.26
	0.64
	0.63
	0.49

	
	
	𝜆
	0.83
	1.0
	1.25

	
	Unlicensed only, Sensing threshold = -62 dBm, defer period used, CCA = 34 us, ECCA = 10 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + CL-WiFi, Short GI  no 256QAM

	Intel
	4
	UPT CDF

[Mbps]
	5%
	22.46
	25.56
	30.14
	7.91
	13.98
	17.67
	2.11
	3.47
	5.56

	
	
	
	50%
	48.73
	51.91
	49.84
	30.49
	38.09
	37.63
	11.27
	14.80
	17.38

	
	
	
	95%
	77.69
	79.77
	72.78
	63.66
	67.35
	57.43
	41.48
	44.83
	38.56

	
	
	
	Mean
	49.55
	52.41
	50.66
	32.50
	38.33
	37.51
	15.63
	18.34
	19.81

	
	
	Delay CDF

[s]
	5%
	0.05
	0.05
	0.06
	0.06
	0.06
	0.07
	0.11
	0.10
	0.11

	
	
	
	50%
	0.09
	0.08
	0.08
	0.15
	0.12
	0.12
	0.60
	0.41
	0.30

	
	
	
	95%
	0.21
	0.21
	0.15
	0.95
	0.47
	0.30
	26.27
	11.30
	2.63

	
	
	
	Mean
	0.11
	0.10
	0.09
	0.31
	0.37
	0.17
	4.69
	1.66
	0.65

	
	
	𝜌
	1.00
	1.00
	1.00
	1.00
	0.98
	0.99
	0.89
	0.95
	0.99

	
	
	BO
	0.16
	0.15
	0.16
	0.30
	0.26
	0.25
	0.64
	0.55
	0.52

	
	
	𝜆
	0.83
	1
	1.25

	
	Unlicensed only, Sensing threshold = -62 dBm, defer period used, CCA = 34 us, ECCA = 10 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + CL-WiFi, Short GI,  no 256QAM

	Intel
	3
	UPT CDF

[Mbps]
	5%
	22.46
	31.75
	30.02
	7.91
	14.39
	17.28
	2.11
	4.70
	4.62

	
	
	
	50%
	48.73
	57.11
	50.63
	30.49
	42.15
	36.39
	11.27
	21.44
	19.21

	
	
	
	95%
	77.69
	84.260
	70.240
	63.660
	77.26
	62.940
	41.480
	52.870
	41.90

	
	
	
	Mean
	49.55
	57.53
	50.71
	32.50
	43.11
	37.38
	15.63
	24.15
	21.00

	
	
	Delay CDF

[s]
	5%
	0.05
	0.05
	0.06
	0.06
	0.05
	0.07
	0.11
	0.08
	0.10

	
	
	
	50%
	0.09
	0.073
	0.085
	0.150
	0.11
	0.120
	0.601
	0.231
	0.26

	
	
	
	95%
	0.21
	0.15
	0.14
	0.95
	0.41
	0.34
	26.27
	2.51
	2.39

	
	
	
	Mean
	0.11
	0.08
	0.09
	0.31
	0.15
	0.17
	4.69
	0.60
	0.59

	
	
	𝜌
	1.00
	0.996
	1.000
	1.000
	0.99
	1.000
	0.889
	0.953
	0.95

	
	
	BO
	0.16
	0.14
	0.16
	0.30
	0.23
	0.25
	0.64
	0.47
	0.50

	
	
	𝜆
	0.83
	1.0
	1.25


	
	Unlicensed only, Sensing threshold = -82 dBm, defer period not used, CCA = 34 us, ECCA = 10 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + OL-WiFi,  Long GI  no 256QAM

	Intel
	4
	UPT CDF

[Mbps]
	5%
	22.46
	35.76
	34.87
	7.91
	25.51
	23.19
	2.11
	10.44
	6.52

	
	
	
	50%
	48.73
	60.37
	49.70
	30.49
	46.52
	37.21
	11.27
	28.98
	19.10

	
	
	
	95%
	77.69
	83.82
	68.41
	63.66
	74.88
	54.15
	41.48
	62.37
	43.35

	
	
	
	Mean
	49.55
	60.63
	51.06
	32.50
	48.08
	37.89
	15.63
	31.17
	21.31

	
	
	Delay CDF

[s]
	5%
	0.05
	0.05
	0.06
	0.06
	0.06
	0.08
	0.11
	0.07
	0.10

	
	
	
	50%
	0.09
	0.07
	0.09
	0.15
	0.10
	0.12
	0.60
	0.17
	0.27

	
	
	
	95%
	0.21
	0.13
	0.14
	0.95
	0.21
	0.24
	26.27
	0.68
	1.68

	
	
	
	Mean
	0.11
	0.08
	0.09
	0.31
	0.11
	0.14
	4.69
	0.26
	0.44

	
	
	𝜌
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	0.89
	0.99
	0.98

	
	
	BO
	0.16
	0.13
	0.15
	0.30
	0.20
	0.24
	0.64
	0.37
	0.48

	
	
	𝜆
	0.83
	1.0
	1.25

	
	Unlicensed only, Sensing threshold = -82 dBm, defer period used, CCA = 34 us, ECCA = 10 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + OL-WiFi,  Long GI  no 256QAM

	Intel
	3
	UPT CDF

[Mbps]
	5%
	14.71
	23.61
	44.97
	2.86
	8.54
	22.43
	1.48
	2.44
	12.92

	
	
	
	50%
	40.82
	48.08
	64.12
	17.25
	25.69
	43.67
	7.39
	10.01
	28.37

	
	
	
	95%
	64.45
	72.350
	86.310
	44.550
	51.20
	70.450
	26.710
	37.680
	54.46

	
	
	
	Mean
	39.91
	47.71
	64.58
	19.42
	27.15
	45.00
	10.25
	13.95
	30.75

	
	
	Delay CDF

[s]
	5%
	0.06
	0.06
	0.05
	0.09
	0.08
	0.06
	0.18
	0.12
	0.08

	
	
	
	50%
	0.10
	0.090
	0.064
	0.303
	0.18
	0.096
	1.108
	0.629
	0.15

	
	
	
	95%
	0.36
	0.20
	0.09
	10.92
	1.36
	0.20
	19.05
	6.42
	0.37

	
	
	
	Mean
	0.15
	0.10
	0.07
	1.74
	0.35
	0.11
	4.75
	1.50
	0.18

	
	
	𝜌
	1.00
	0.992
	1.000
	0.972
	0.98
	1.000
	0.870
	0.920
	1.00

	
	
	BO
	0.17
	0.13
	0.10
	0.45
	0.29
	0.19
	0.72
	0.58
	0.33

	
	
	𝜆
	0.625
	0.83
	1

	
	Unlicensed only, Sensing threshold = -62 dBm, defer period used, CCA = 34  us, ECCA = 10 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. Open loop WiFi,  2Tx2Rx, TXOP 4ms,
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Figure 1: (a) WiFi UPT performance (b) LAA UTP performance in indoor scenario with 1 unlicensed channel with closed loop MIMO for different LBT options
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Figure 2: Comparison of CL MIMO vs OL MIMO UPT performance in indoor scenario with 1 unlicensed channel

Table 2: Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and Mixed traffic

	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range for Wi-Fi in Step 1: 10%~25%
	Medium load

BO range for Wi-Fi in Step 1: 35%~50%
	High load

BO range for Wi-Fi in Step 1: above 55%

	
	
	
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2
	Wi-Fi in

step 1
	Wi-Fi in

step 2
	LAA

in

step 2

	Intel
	0
	UPT CDF

[Mbps]
	5%
	11.82
	11.62
	41.67
	4.03
	5.20
	31.67
	1.80
	2.51
	24.91

	
	
	
	50%
	37.84
	34.09
	66.62
	23.09
	22.50
	57.50
	8.77
	12.01
	48.33

	
	
	
	95%
	72.82
	60.59
	91.32
	58.58
	46.37
	88.40
	39.47
	30.46
	79.62

	
	
	
	Mean
	39.69
	35.40
	66.94
	25.84
	23.95
	58.32
	13.66
	13.05
	48.89

	
	
	Delay CDF

[s]
	5%
	0.06
	0.07
	0.04
	0.07
	0.09
	0.05
	0.12
	0.14
	0.05

	
	
	
	50%
	0.12
	0.13
	0.06
	0.21
	0.20
	0.07
	0.83
	0.44
	0.09

	
	
	
	95%
	0.43
	0.46
	0.10
	7.51
	1.57
	0.14
	16.64
	4.01
	0.19

	
	
	
	Mean
	0.33
	0.18
	0.07
	1.35
	0.42
	0.08
	3.51
	1.03
	0.10

	
	
	VoIP outage (%)
	14.00
	100.00
	  
	35.00
	100.00
	  
	52.00
	100.00
	  

	
	
	𝜌
	0.98
	1.00
	1.00
	0.97
	0.98
	1.00
	0.87
	0.85
	1.00

	
	
	BO
	0.25
	0.33
	0.13
	0.45
	0.49
	0.17
	0.73
	0.72
	0.26

	
	
	𝜆
	0.83
	1
	1.25

	
	Unlicensed only, Sensing threshold = 0 dBm, defer period not used, CCA = 0 us, ECCA = 0 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + CL-WiFi, Short GI  no 256QAM

	Intel
	3
	UPT CDF

[Mbps]
	5%
	11.82
	15.53
	25.97
	4.02
	6.37
	13.74
	1.80
	1.75
	6.72

	
	
	
	50%
	37.84
	45.36
	48.54
	23.13
	27.80
	37.25
	8.76
	11.79
	23.69

	
	
	
	95%
	72.82
	72.04
	70.93
	58.58
	56.71
	62.94
	39.47
	40.68
	49.20

	
	
	
	Mean
	39.69
	45.23
	48.65
	25.83
	29.71
	36.32
	13.66
	15.57
	24.72

	
	
	Delay CDF

[s]
	5%
	0.06
	0.06
	0.06
	0.07
	0.07
	0.07
	0.12
	0.11
	0.08

	
	
	
	50%
	0.12
	0.10
	0.09
	0.21
	0.17
	0.12
	0.83
	0.54
	0.19

	
	
	
	95%
	0.43
	0.33
	0.18
	7.51
	1.05
	0.41
	16.64
	7.86
	1.50

	
	
	
	Mean
	0.33
	0.13
	0.10
	1.35
	0.47
	0.16
	3.52
	1.69
	0.40

	
	
	VoIP outage (%)
	14.00
	47.00
	  
	35.00
	64.00
	  
	52.00
	80.00
	  

	
	
	𝜌
	0.98
	1.00
	1.00
	0.97
	0.98
	1.00
	0.87
	0.89
	0.99

	
	
	BO
	0.25
	0.25
	0.17
	0.45
	0.40
	0.27
	0.73
	0.67
	0.47

	
	
	𝜆
	0.83
	 1
	1.25

	
	Unlicensed only, Sensing threshold = -62 dBm, defer period used, CCA = 34 us, ECCA = 10 us, asynchronous inter-operator operation, no intra/inter-RAT detection used,   LBT algorithm based on R1-151825, PDCCH overhead = 3 symbols. 2Tx2Rx, TXOP 4ms, + CL-WiFi, Short GI  no 256QAM

	Intel
	4
	UPT CDF

[Mbps]
	5%
	11.82
	13.32
	18.60
	4.02
	5.07
	8.21
	1.80
	2.34
	4.32

	
	
	
	50%
	37.84
	49.25
	46.81
	23.13
	33.33
	34.54
	8.76
	17.45
	19.16

	
	
	
	95%
	72.82
	74.02
	71.50
	58.58
	66.10
	63.63
	39.47
	44.41
	40.13

	
	
	
	Mean
	39.69
	45.90
	45.39
	25.83
	34.36
	35.01
	13.66
	19.73
	20.29

	
	
	Delay CDF

[s]
	5%
	0.06
	0.06
	0.06
	0.07
	0.06
	0.07
	0.12
	0.10
	0.11

	
	
	
	50%
	0.12
	0.09
	0.09
	0.21
	0.14
	0.13
	0.83
	0.32
	0.27

	
	
	
	95%
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Figure 3: VOIP outage  performance in indoor scenario with 1 unlicensed channel with closed loop MIMO for different LBT options

Observations and Discussion

1) Figure 2 shows the UPT gains of WiFi in Case 2 (see Section 3) are significantly reduced with CL-MIMO+Short GI compared to OL-MIMO+Long GI. Furthermore, it can be observed that the WiFi with CL-MIMO may degrade the performance when it co-exists with WiFi. This is because the performance of WiFi is significantly improved with CL-MIMO and Short GI.  Furthermore, the performances of LAA with Unlicensed band only and PDCCH overhead of 3 symbols, the spectral efficiency of LAA and WiFi CL-MIMO are similar (observed from similar 95% tile throughputs)
2) From Table 2, it can be observed that the VOIP performance for WiFi in Case 2 is significantly reduced with CL-MIMO+Short GI compared to OL-MIMO+Long GI.
3) ED detection threshold is an important choice for LAA co-existence with WiFi 

a. WiFi FTP only, UPT performance is degraded when WiFi co-exists with LAA for the different LBT options (category 3 and category 4) considered with energy detection threshold of  -62 dBm. When ED = -62 dBm, is used, LAA UPT performance is better than WiFi.  On the other hand, when ED threshold is reduced to -82 dBm, performance of LAA performance reduces than that of WiFi for all the LBT options considered. Reduced ED threshold for LAA gives higher priority for WiFi transmissions, however at the cost of LAA performance. 
b. WiFi Voip performance is noticeably hurt when LAA co-exists with WiFi and higher ED threshold of -62 dBm is used for all LBT options considered. However, if ED threshold is lowered to -82 dBm, the voip performance is improved for all the LBT options.  Reduced ED threshold for LAA gives higher priority for WiFi transmissions, however at the cost of LAA performance. 
4) LBT design choice between Category 3 and category 4 does not have significant impact on the LAA performance, while performance of WiFi is improved when category 4 is used, compared to category 3. 

4. Conclusion

In this contribution, we present our evaluation results for Wi-Fi + LAA and LAA + LAA coexistence scenarios with FTP only and mixed traffic model. Based on the simulation results, we make the following key observations. 
Observation:  
1) The UPT and VoIP performance gains of WiFi in Case 2 are significantly reduced with CL-MIMO+Short GI compared to OL-MIMO+Long GI. In case of OL-MIMO for Wi-Fi, the Wi-Fi UPT performance is improved in Case 2 compared to Case 1 even with -62 dBm LAA ED, in contrast, in case of CL-MIMO for Wi-Fi, the Wi-Fi UPT performance is degraded in Case 2 compared to Case 1 with when LAA uses -62 dBm as energy detection threshold. 
2) WiFi Voip performance is noticeably hurt when LAA co-exists with WiFi (CL-MIMO + Short GI) and ED threshold of -62 dBm is used for all considered LBT options. However, if ED threshold is lowered to -82 dBm, the VOIP performance is improved for all the LBT options. 

3) LBT design choice between Category 3 and category 4 does not have significant impact on the LAA performance, while performance of WiFi is improved when category 4 is used, compared to category 3. 
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