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Discussion and Decision
1 Introduction

This contribution analyses different LBT schemes for LAA from the perspective of fair coexistence between LAA and Wi-Fi. It examines the impact of the following salient LAA LBT metrics: 

· Fixed Contention Window vs. Binary Exponential Contention Window 

· CCA based only on Energy Detection vs. CCA based on both Energy Detection and variations of Wi-Fi Carrier Sensing

· CCA based only on Energy Detection with different values of the Energy Detection threshold. 

The LBT metrics are analysed based on simulation data that follow the 3GPP Indoor configuration and parameters [1]. Here LAA has DL-only FTP while Wi-Fi has DL + UL FTP and DL + UL Voice. Simulation data for both LAA and Wi-Fi are presented.
2 Discussion
In RAN1 81bis, it was decided that the coexistence performance of LBT categories 3 and 4 be explored. In this contribution, we show that LBT category 4 for LAA can ensure fair coexistence with Wi-Fi when Wi-Fi has both DL and UL FTP/voice users. However, this is dependent upon LAA adopting additional factors such as choice of fixed defer periods, ED threshold and Carrier Sensing. We also show that LBT category 3 is not suitable for fair coexistence with Wi-Fi. 

In the companion contribution [2] , it is shown that LBT category 4 for LAA can ensure fair coexistence with Wi-Fi when Wi-Fi has only DL FTP/voice users while LBT category 3 does not.
The following categories of LBT schemes are examined for fair co-existence between LAA and Wi-Fi:

1. LAA uses fixed contention window with CCA-ED = -62dBm.
2. LAA uses truncated binary exponential contention window with the following variations:

a. CCA-ED = -62dBm and initial and extended CCA defer of 9us/34us/43us respectively.

b. CCA-ED = -72/-77/-82dBm and initial and extended CCA defer of 43us.
c. CCA-ED = -62dBm and CCA-CS = -82dBm, i.e. LAA additionally performs Wi-Fi preamble detection and transmission.
d. CCA-ED = -62/-72dBm and CCA-CS Rx-only = -82dBm, i.e. LAA only detects but does not transmit Wi-Fi preambles.

The simulation configuration and scenarios used are detailed in Section 2.1.
The salient parameters from the simulation results are illustrated and analysed in Section 2.2. 

The complete set of simulation results in the prescribed 3GPP format (with all the required “Reported Parameters”) for high, medium and low buffer occupancies is provided in the Appendix.
2.1 Simulations Configuration and Scenarios:

Salient simulation configurations are as follows: 

· 3GPP Indoor configuration in [1]. 

· A single 20MHz unlicensed carrier.  

· The non-replaced Wi-Fi network contains 20 DL + UL FTP users which have traffic in the DL:UL ratio  of 80:20.
· The non-replaced Wi-Fi network additionally contains 2 DL + UL Voice users. Voice On/Off period length = 2s where DL and UL never overlap
· LAA and the replaced Wi-Fi network contain 20 DL-only FTP users each with a traffic rate 1.25 times that of the DL traffic rate of the non-replaced Wi-Fi network

· Wi-Fi: 2x2 MIMO, short guard interval, explicit transmission beam-forming (TxBF) and closed loop link adaptation using explicit TXBF information.

Following are the scenarios simulated:
· Wi-Fi + LAA: LAA uses fixed contention window with CCA-ED = -62dBm and initial and extended CCA defer = 43us.
· Wi-Fi + LAA: LAA uses truncated binary exponential contention (CW) with min = 15 and max = 1023. CCA slot time = 9us. 

· Initial and extended CCA defer = 43us. CCA-ED = -62dBm

· Initial and extended CCA defer = 34us. CCA-ED = -62dBm

· Initial and extended CCA defer = 9us. CCA-ED = -62dBm

· Initial and extended CCA defer = 43us. CCA-ED = -62dBm. CCA-CS = -82dBm i.e. LAA additionally performs Wi-Fi preamble detection and transmission

· Initial and extended CCA defer = 43us. CCA-ED = -62dBm. CCA-CS-RxOnly = -82dBm i.e. LAA only receives but does not transmit Wi-Fi preambles.
· Initial and extended CCA defer = 43us. CCA-ED = -72dBm. CCA-CS-RxOnly = -82dBm i.e. LAA only receives but does not transmit Wi-Fi preambles.
· Initial and extended CCA defer = 43us. CCA-ED = -72dBm

· Initial and extended CCA defer = 43us. CCA-ED = -77dBm

· Initial and extended CCA defer = 43us. CCA-ED = -82dBm

· Wi-Fi + Wi-Fi: CCA-ED = -62dBm. CCA-CS = -82dBm.
2.2 Simulation Results and Analysis
The following metrics from the simulation results have been illustrated for both Wi-Fi and LAA (wherever applicable):
· DL FTP: 

· UPT mean and 5 percentile

· Latency mean and 5 percentile

· UL FTP: 

· UPT mean and 5 percentile

· Latency mean and 5 percentile

· VoIP outage. 

· DL/UL/Combined

The comparative analysis below is provided only for high buffer occupancy and for the metrics above. 
2.2.1.1 DL FTP Metrics

The charts below show the following trends for both mean and 5 percentile of DL FTP UPT and Latency:
1. Degradation compared to the baseline (Wi-Fi + Wi-Fi):
a. When LAA uses a fixed contention window.
b. When LAA uses an exponential contention window with different values of fixed  defer (9us/34us/43us) but keeps the ED threshold at -62 dBm.
2. Improvement compared to the baseline (Wi-Fi + Wi-Fi):
a. When LAA uses an exponential contention window with a fixed defer of 43 us but uses lowered ED thresholds of -72/-77/-82 dBm.
b. When LAA uses an exponential contention window with a fixed defer of 43 us and additionally uses Wi-Fi preamble detection-only at a threshold of -82 dBm and ED thresholds of -62/-72 dBm.
c. When LAA uses an exponential contention window with a fixed defer of 43 us and additionally uses both Wi-Fi preamble transmission and detection at  a threshold of -82 dBm keeping the ED threshold at -62 dBm.
3. The best and most balanced coexistence performance between LAA and Wi-Fi in terms of DL UPT and Latency is achieved when LAA uses exponential contention window and additionally detects (at a threshold of -82 dBm) and transmits Wi-Fi preamble keeping the ED threshold at -62 dBm.
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2.2.1.2 UL FTP Metrics

The charts below show the following trends for mean UL FTP UPT and Latency:

1. Degradation compared to the baseline (Wi-Fi + Wi-Fi):
a. When LAA uses a fixed contention window.
b. When LAA uses an exponential contention window with different values of fixed defer (9us/34us/43us) but keeps the ED threshold at -62 dBm.
2. Improvement compared to the baseline (Wi-Fi + Wi-Fi):
a. When LAA uses an exponential contention window with a fixed defer of 43 us but uses lowered ED thresholds of -72/-77/-82 dBm

b. When LAA uses an exponential contention window with a fixed defer of 43 us and additionally uses Wi-Fi preamble detection-only at a threshold of -82 dBm and ED thresholds of -62/-72 dBm.
c. When LAA uses an exponential contention window with a fixed defer of 43 us and additionally uses both Wi-Fi preamble transmission and detection at  a threshold of -82 dBm keeping the ED threshold at -62 dBm.
For the 5 percentile UL FTP UPT and Latency, almost all of the simulated LAA LBT schemes are able to ensure fair coexistence.
The best performance for Wi-Fi UL and LAA is achieved when LAA uses exponential contention window and additionally detects (at a threshold of -82 dBm) and transmits Wi-Fi preamble dBm keeping the ED threshold at -62 dBm.
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2.2.1.3 VoIP Metrics

The chart below shows the following trends for DL/UL and Combined VoIP outage:

1. Degradation compared to the baseline (Wi-Fi + Wi-Fi):
a. When LAA uses a fixed contention window.
b. When LAA uses an exponential contention window with different values of fixed  defer (9us/34us/43us) but keeps the ED threshold at -62 dBm.
c. When LAA uses an exponential contention window with a fixed defer of 43 us and uses lowered ED threshold of -72 dBm.
2. Improvement compared to the baseline (Wi-Fi + Wi-Fi):
a. When LAA uses an exponential contention window with a fixed defer of 43 us but uses lowered ED thresholds of -77/-82 dBm.
b. When LAA uses an exponential contention window with a fixed defer of 43 us and additionally uses Wi-Fi preamble detection-only at a threshold of -82 dBm and ED thresholds of -62/-72 dBm.
c. When LAA uses an exponential contention window with a fixed defer of 43 us and additionally uses both Wi-Fi preamble transmission and detection at  a threshold of -82 dBm keeping the ED threshold at -62 dBm.
3. The best and most balanced performance for LAA and Wi-Fi voice is achieved when LAA uses exponential contention window and additionally detects (at a threshold of -82 dBm) and transmits Wi-Fi preamble dBm keeping the ED threshold at -62 dBm.
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3 Observations and Conclusions
Observation 1:  LAA does not achieve fair coexistence with Wi-Fi in terms of DL/UL FTP UPT and Latency as well as Voice Outage when LAA uses fixed contention window with a fixed defer of 43us and ED threshold of -62 dBm.

Observation 2:  LAA does not achieve fair coexistence with Wi-Fi in terms of DL/UL FTP UPT and Latency as well as Voice Outage when LAA uses exponential contention window with a fixed defer of 43us/34us/9us and ED threshold of -62 dBm. Reducing the initial defer period can cause the further degradation of the Wi-Fi performance especially the VoIP outage performance.
Observation 3:  LAA does not achieve fair coexistence with Wi-Fi in terms of Voice Outage when LAA uses exponential contention window and a fixed defer of 43us even with a lowered ED threshold of -72 dBm.

Observation 4:  LAA achieves fair coexistence with Wi-Fi in terms of DL/UL FTP UPT and Latency as well as Voice Outage when LAA uses exponential contention window with a fixed defer of 43 us but lowered ED thresholds of -77/-82 dBm.
Observation 5:  LAA achieves fair coexistence with Wi-Fi in terms of DL/UL FTP UPT and Latency as well as Voice Outage when LAA uses exponential contention window with a fixed defer of 43 us and additionally uses Wi-Fi preamble detection-only at a threshold of -82 dBm and ED thresholds of -62/-72 dBm.

Observation 6:  The best and most balanced coexistence between LAA and Wi-Fi in terms of DL/UL FTP UPT and Latency as well as Voice Outage is achieved when LAA uses exponential contention window, a fixed defer of 43 us and additionally detects (at a threshold of -82 dBm) and transmits Wi-Fi preamble keeping the ED threshold at -62 dBm.
Conclusion 1: For best and most balanced coexistence,  LAA should employ LBT category 4 with an exponential contention window, a fixed defer value of 43 us to match the one used by Wi-Fi Best Effort traffic and additionally Wi-Fi preamble detection (at a threshold of -82 dBm) and Wi-Fi preamble transmission keeping the ED threshold at -62 dBm.

Conclusion 2: For fair coexistence with Wi-Fi,  LAA can employ LBT category 4 with an exponential contention window, a fixed defer value of 43 us to match the one used by Wi-Fi Best Effort traffic and additionally Wi-Fi preamble detection-only at a threshold of -82 dBm keeping the ED threshold at -62 dBm.

Conclusion 3: For fair coexistence with Wi-Fi,  LAA can employ LBT category 4 with an exponential contention window, a fixed defer value of 43 us to match the one used by Wi-Fi Best Effort traffic and lowered ED thresholds of -77dBm and -82 dBm.

Conclusion 4: LAA employing LBT category 3 or LAA employing LBT category 4 with an exponential contention window, defer values of 43 us/34 us/9 us but keeping the ED threshold at -62dBm does not achieve fair coexistence with Wi-Fi.

Conclusion 5: LAA employing LBT category 4 with an exponential contention window, defer value of 43 us and a lowered ED threshold of -72dBm does not achieve fair coexistence with Wi-Fi.
4 Appendix
Following are the simulation results in the prescribed 3GPP format for the configuration and scenarios described in Section 2.1. The λ value reported corresponds to the DL FTP file arrival rate of the non-replaced Wi-Fi.
Table 1: LAA LBT with fixed contention window ED = -62dBm
	Reported parameters
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	28.24
	39.06
	0.599
	0.306
	0.111
	4.569
	0.208
	0.135
	0.097
	1.18

	
	50%
	79.4
	74.8
	77.378
	76.4
	33.64
	31.04
	24.129
	34.201
	10.94
	10.16
	8.638.
	17.565

	
	95%
	121.5
	115.1
	120.08
	113.2
	79.08
	75.05
	76.467
	71.022
	46.03
	40.09
	38.82
	46.618

	
	Mean
	76.47
	73.39
	77.879
	75.68
	35.83
	33.13
	29.193
	35.5
	14.9
	13.76
	12.131
	20.241

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.006
	0.006
	0.133
	0.203
	0.27
	0.027
	0.275
	0.422
	0.366
	0.067

	
	50%
	0.126
	0.272
	0.033
	0.031
	0.749
	0.866
	1.055
	0.199
	1.442
	1.86
	1.57
	0.608

	
	95%
	0.42
	0.559
	0.146
	0.106
	2.081
	2.888
	3.466
	0.928
	4.649
	5.526
	5.39
	2.208

	
	Mean
	0.159
	0.276
	0.047
	0.039
	0.895
	1.178
	1.438
	0.304
	1.907
	2.374
	2.175
	0.832

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	13.46
	NA
	1.078
	0
	0.476
	0
	0.061
	NA
	0.082
	NA

	
	50%
	73.33
	NA
	72.725
	NA
	25.83
	0
	20.939
	0
	10.63
	NA
	8.540.
	NA

	
	95%
	141.3
	NA
	138.37
	NA
	86.72
	0
	79.344
	0
	52.08
	NA
	44.422
	NA

	
	Mean
	71.91
	NA
	73.37
	NA
	31.58
	0
	27.878
	0
	16.57
	NA
	13.281
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.013
	NA
	0.111
	0
	0.138
	0
	0.191
	NA
	0.207
	NA

	
	50%
	0.106
	NA
	0.045
	NA
	0.393
	0
	0.605
	0
	0.806
	NA
	0.837
	NA

	
	95%
	0.267
	NA
	0.105
	NA
	1.123
	0
	1.443
	0
	1.925
	NA
	2.222
	NA

	
	Mean
	0.134
	NA
	0.052
	NA
	0.497
	0
	0.691
	0
	0.902
	NA
	0.992
	NA

	VoIP latency (DL)
	8.452
	NA
	14.837
	NA
	62.91
	NA
	301.41
	NA
	47.13
	NA
	217.6
	NA

	VoIP latency (UL)
	10.26
	NA
	14.767
	NA
	129.3
	NA
	191.76
	NA
	77.01
	NA
	116.27
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.33
	NA
	60
	NA
	36.67
	NA
	73.333
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.33
	NA
	43.333
	NA
	30
	NA
	56.667
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.67
	NA
	33.333
	NA
	20
	NA
	53.333
	NA

	ρDL
	0.938
	0.925
	0.96
	0.954
	0.851
	0.817
	0.767
	0.926
	0.706
	0.674
	0.614
	0.868

	ρUL
	0.951
	0
	0.956
	0
	0.916
	0
	0.907
	0
	0.855
	0
	0.839
	0

	BO
	0.158
	0.138
	0.134
	0.095
	0.479
	0.472
	0.561
	0.369
	0.711
	0.692
	0.76
	0.532

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 3 (R1-151962) ETSI BRAN Option B with initial defer enhancement, q=13

· Sensing threshold used: LAA CCA-ED -62 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 20 μs

· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 2: LAA LBT with exponential contention window ED = -62dBm
	Reported parameters
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	38.61
	40.26
	0.599
	0.306
	0.327
	4.869
	0.208
	0.135
	0.116
	0.859

	
	50%
	79.398
	74.796
	75.585
	78.008
	33.644
	31.042
	23.225
	33.869
	10.944
	10.155
	8.428.
	17.758

	
	95%
	121.47
	115.09
	123.14
	116.43
	79.075
	75.05
	70.137
	71.482
	46.028
	40.09
	38.571
	51.795

	
	Mean
	76.47
	73.385
	77.134
	77.906
	35.826
	33.134
	28.786
	35.686
	14.897
	13.755
	12.747
	21.109

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.006
	0.006
	0.133
	0.203
	0.202
	0.026
	0.275
	0.422
	0.322
	0.08

	
	50%
	0.126
	0.272
	0.033
	0.031
	0.749
	0.866
	0.932
	0.265
	1.442
	1.86
	1.553
	0.694

	
	95%
	0.42
	0.559
	0.141
	0.11
	2.081
	2.888
	2.716
	1.085
	4.649
	5.526
	4.641
	2.534

	
	Mean
	0.159
	0.276
	0.047
	0.04
	0.895
	1.178
	1.154
	0.38
	1.907
	2.374
	1.933
	0.94

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	11.8
	NA
	1.078
	0
	1.061
	0
	0.061
	NA
	0.084
	NA

	
	50%
	73.327
	NA
	72.128
	NA
	25.829
	0
	19.285
	0
	10.629
	NA
	6.768.
	NA

	
	95%
	141.32
	NA
	144.32
	NA
	86.721
	0
	81.076
	0
	52.076
	NA
	51.305
	NA

	
	Mean
	71.913
	NA
	72.12
	NA
	31.581
	0
	28.355
	0
	16.573
	NA
	13.673
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.014
	NA
	0.111
	0
	0.1
	0
	0.191
	NA
	0.209
	NA

	
	50%
	0.106
	NA
	0.048
	NA
	0.393
	0
	0.569
	0
	0.806
	NA
	0.805
	NA

	
	95%
	0.267
	NA
	0.108
	NA
	1.123
	0
	1.356
	0
	1.925
	NA
	2.007
	NA

	
	Mean
	0.134
	NA
	0.053
	NA
	0.497
	0
	0.63
	0
	0.902
	NA
	0.909
	NA

	VoIP latency (DL)
	8.452
	NA
	12.254
	NA
	62.906
	NA
	75.925
	NA
	47.125
	NA
	245.377
	NA

	VoIP latency (UL)
	10.26
	NA
	12.781
	NA
	129.298
	NA
	49.9
	NA
	77.005
	NA
	114.39
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	60
	NA
	36.667
	NA
	60
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	43.333
	NA
	30
	NA
	53.333
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	33.333
	NA
	20
	NA
	40
	NA

	ρDL
	0.938
	0.925
	0.959
	0.955
	0.851
	0.817
	0.822
	0.91
	0.706
	0.674
	0.658
	0.851

	ρUL
	0.951
	0
	0.952
	0
	0.916
	0
	0.918
	0
	0.855
	0
	0.856
	0

	BO
	0.158
	0.138
	0.136
	0.096
	0.479
	0.472
	0.561
	0.389
	0.711
	0.692
	0.746
	0.549

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -62 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 3: LAA LBT with exponential contention window ED = -62dBm & fixed defer 34 us

	Reported parameters
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	28.77
	41.04
	0.599
	0.306
	0.353
	6.217
	0.208
	0.135
	0.117
	1.244

	
	50%
	79.398
	74.796
	76.312
	79.042
	33.644
	31.042
	26.039
	37.44
	10.944
	10.155
	8.055
	17.665

	
	95%
	121.47
	115.09
	119.52
	120.53
	79.075
	75.05
	78.205
	75.672
	46.028
	40.09
	35.198
	52.807

	
	Mean
	76.47
	73.385
	76.501
	78.858
	35.826
	33.134
	30.909
	39.375
	14.897
	13.755
	11.625
	20.848

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.006
	0.006
	0.133
	0.203
	0.203
	0.028
	0.275
	0.422
	0.456
	0.105

	
	50%
	0.126
	0.272
	0.033
	0.03
	0.749
	0.866
	0.866
	0.258
	1.442
	1.86
	1.715
	0.656

	
	95%
	0.42
	0.559
	0.136
	0.105
	2.081
	2.888
	2.423
	0.957
	4.649
	5.526
	5.202
	2.382

	
	Mean
	0.159
	0.276
	0.046
	0.039
	0.895
	1.178
	1.065
	0.331
	1.907
	2.374
	2.217
	0.905

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	13.07
	NA
	1.078
	0
	2.339
	NA
	0.061
	NA
	0.202
	NA

	
	50%
	73.327
	NA
	69.246
	NA
	25.829
	0
	20.554
	NA
	10.629
	NA
	7.188
	NA

	
	95%
	141.32
	NA
	137.3
	NA
	86.721
	0
	87.176
	NA
	52.076
	NA
	52.326
	NA

	
	Mean
	71.913
	NA
	72.442
	NA
	31.581
	0
	29.528
	NA
	16.573
	NA
	13.148
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.013
	NA
	0.111
	0
	0.101
	NA
	0.191
	NA
	0.159
	NA

	
	50%
	0.106
	NA
	0.047
	NA
	0.393
	0
	0.497
	NA
	0.806
	NA
	0.822
	NA

	
	95%
	0.267
	NA
	0.107
	NA
	1.123
	0
	1.123
	NA
	1.925
	NA
	2.074
	NA

	
	Mean
	0.134
	NA
	0.053
	NA
	0.497
	0
	0.533
	NA
	0.902
	NA
	0.95
	NA

	VoIP latency (DL)
	8.452
	NA
	13.36
	NA
	62.906
	NA
	81.84
	NA
	47.125
	NA
	242.461
	NA

	VoIP latency (UL)
	10.26
	NA
	13.945
	NA
	129.298
	NA
	47.696
	NA
	77.005
	NA
	62.422
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	56.667
	NA
	36.667
	NA
	73.333
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	43.333
	NA
	30
	NA
	60
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	33.333
	NA
	20
	NA
	53.333
	NA

	ρDL
	0.938
	0.925
	0.959
	0.954
	0.851
	0.817
	0.83
	0.926
	0.706
	0.674
	0.632
	0.865


	ρUL
	0.951
	0
	0.955
	0
	0.916
	0
	0.927
	0
	0.855
	0
	0.855
	0

	BO
	0.158
	0.138
	0.137
	0.093
	0.479
	0.472
	0.538
	0.352
	0.711
	0.692
	0.769
	0.549

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -62 dBm

· Whether defer periods are used or not: Yes. Defer period 34us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 4: LAA LBT with exponential contention window ED = -62dBm & fixed defer 9us

	Reported parameters 
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	28.55
	40.9
	0.599
	0.306
	0.336
	5.215
	0.208
	0.135
	0.078
	1.532

	
	50%
	79.398
	74.796
	73.601
	83.74
	33.644
	31.042
	21.993
	38.708
	10.944
	10.155
	8.524.
	21.96

	
	95%
	121.47
	115.09
	119.3
	128.27
	79.075
	75.05
	68.16
	83.343
	46.028
	40.09
	35.598
	60.18

	
	Mean
	76.47
	73.385
	75.461
	83.649
	35.826
	33.134
	27.034
	40.398
	14.897
	13.755
	12.113
	24.995

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.006
	0.005
	0.133
	0.203
	0.145
	0.025
	0.275
	0.422
	0.481
	0.114

	
	50%
	0.126
	0.272
	0.034
	0.028
	0.749
	0.866
	0.934
	0.257
	1.442
	1.86
	1.598
	0.681

	
	95%
	0.42
	0.559
	0.149
	0.097
	2.081
	2.888
	3.037
	1.046
	4.649
	5.526
	4.936
	2.028

	
	Mean
	0.159
	0.276
	0.049
	0.036
	0.895
	1.178
	1.195
	0.355
	1.907
	2.374
	2.092
	0.84

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	16.53
	NA
	1.078
	0
	0.952
	NA
	0.061
	NA
	0.184
	NA

	
	50%
	73.327
	NA
	68.891
	NA
	25.829
	0
	16.39
	NA
	10.629
	NA
	8.435.
	NA

	
	95%
	141.32
	NA
	137.87
	NA
	86.721
	0
	87.261
	NA
	52.076
	NA
	47.736
	NA

	
	Mean
	71.913
	NA
	71.459
	NA
	31.581
	0
	27.03
	NA
	16.573
	NA
	13.997
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.013
	NA
	0.111
	0
	0.11
	NA
	0.191
	NA
	0.164
	NA

	
	50%
	0.106
	NA
	0.047
	NA
	0.393
	0
	0.488
	NA
	0.806
	NA
	0.853
	NA

	
	95%
	0.267
	NA
	0.104
	NA
	1.123
	0
	1.323
	NA
	1.925
	NA
	2.057
	NA

	
	Mean
	0.134
	NA
	0.053
	NA
	0.497
	0
	0.593
	NA
	0.902
	NA
	0.958
	NA

	VoIP latency (DL)
	8.452
	NA
	15.256
	NA
	62.906
	NA
	305.788
	NA
	47.125
	NA
	304.682
	NA

	VoIP latency (UL)
	10.26
	NA
	16.037
	NA
	129.298
	NA
	77.223
	NA
	77.005
	NA
	268.072
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	66.667
	NA
	36.667
	NA
	80
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	53.333
	NA
	30
	NA
	66.667
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	36.667
	NA
	20
	NA
	53.333
	NA

	ρDL
	0.938
	0.925
	0.958
	0.955
	0.851
	0.817
	0.804
	0.919
	0.706
	0.674
	0.639
	0.884

	ρUL
	0.951
	0
	0.957
	0
	0.916
	0
	0.915
	0
	0.855
	0
	0.854
	0

	BO
	0.158
	0.138
	0.143
	0.086
	0.479
	0.472
	0.582
	0.351
	0.711
	0.692
	0.764
	0.5

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -62 dBm

· Whether defer periods are used or not: Yes. Defer period 9us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 5: LAA LBT with exponential contention window ED = -62dBm & Tx/Rx Wi-Fi preamble

	Reported parameters 
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	46.45
	43.02
	0.599
	0.306
	0.764
	1.636
	0.208
	0.135
	1.548
	1.934

	
	50%
	79.398
	74.796
	83.768
	82.282
	33.644
	31.042
	46.323
	48.137
	10.944
	10.155
	17.207
	20.941

	
	95%
	121.47
	115.09
	124.49
	120.51
	79.075
	75.05
	91.771
	88.806
	46.028
	40.09
	57.281
	56.244

	
	Mean
	76.47
	73.385
	81.145
	82.811
	35.826
	33.134
	45.267
	47.562
	14.897
	13.755
	21.951
	24.538

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.005
	0.005
	0.133
	0.203
	0.106
	0.076
	0.275
	0.422
	0.062
	0.076

	
	50%
	0.126
	0.272
	0.029
	0.028
	0.749
	0.866
	0.448
	0.413
	1.442
	1.86
	0.771
	0.568

	
	95%
	0.42
	0.559
	0.105
	0.097
	2.081
	2.888
	1.447
	1.252
	4.649
	5.526
	2.946
	2.554

	
	Mean
	0.159
	0.276
	0.037
	0.035
	0.895
	1.178
	0.575
	0.519
	1.907
	2.374
	1.034
	0.902

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	20.3
	NA
	1.078
	0
	1.121
	NA
	0.061
	NA
	1.288
	NA

	
	50%
	73.327
	NA
	72.982
	NA
	25.829
	0
	35.729
	NA
	10.629
	NA
	14.93
	NA

	
	95%
	141.32
	NA
	140.67
	NA
	86.721
	0
	121.26
	NA
	52.076
	NA
	60.15
	NA

	
	Mean
	71.913
	NA
	77.109
	NA
	31.581
	0
	41.043
	NA
	16.573
	NA
	20.775
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.012
	NA
	0.111
	0
	0.042
	NA
	0.191
	NA
	0.079
	NA

	
	50%
	0.106
	NA
	0.041
	NA
	0.393
	0
	0.317
	NA
	0.806
	NA
	0.515
	NA

	
	95%
	0.267
	NA
	0.09
	NA
	1.123
	0
	0.841
	NA
	1.925
	NA
	1.326
	NA

	
	Mean
	0.134
	NA
	0.045
	NA
	0.497
	0
	0.369
	NA
	0.902
	NA
	0.589
	NA

	VoIP latency (DL)
	8.452
	NA
	7.858
	NA
	62.906
	NA
	54.624
	NA
	47.125
	NA
	38.077
	NA

	VoIP latency (UL)
	10.26
	NA
	8.559
	NA
	129.298
	NA
	22.659
	NA
	77.005
	NA
	31.18
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	6.667
	NA
	36.667
	NA
	26.667
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	3.333
	NA
	30
	NA
	16.667
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	6.667
	NA
	20
	NA
	13.333
	NA

	ρDL
	0.938
	0.925
	0.96
	0.954
	0.851
	0.817
	0.883
	0.902
	0.706
	0.674
	0.811
	0.856

	ρUL
	0.951
	0
	0.955
	0
	0.916
	0
	0.933
	0
	0.855
	0
	0.898
	0

	BO
	0.158
	0.138
	0.118
	0.086
	0.479
	0.472
	0.391
	0.322
	0.711
	0.692
	0.637
	0.531

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -62 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: Yes. Transmitting/detecting Wi-Fi PHY preamble with CCA-CS -82dBm
No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 6: LAA LBT with exponential contention window ED = -62dBm & detecting Wi-Fi PHY preamble

	Reported parameters 
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	33.38
	41.02
	0.599
	0.306
	0.767
	1.21
	0.208
	0.135
	0.397
	0.311

	
	50%
	79.398
	74.796
	81.676
	78.235
	33.644
	31.042
	36.537
	33.252
	10.944
	10.155
	14.166
	10.668

	
	95%
	121.47
	115.09
	121.35
	114.66
	79.075
	75.05
	81.227
	75.478
	46.028
	40.09
	51.817
	51.437

	
	Mean
	76.47
	73.385
	80.456
	77.363
	35.826
	33.134
	38.094
	35.088
	14.897
	13.755
	19.218
	17.265

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.005
	0.006
	0.133
	0.203
	0.109
	0.057
	0.275
	0.422
	0.219
	0.262

	
	50%
	0.126
	0.272
	0.031
	0.031
	0.749
	0.866
	0.411
	0.523
	1.442
	1.86
	1.03
	1.635

	
	95%
	0.42
	0.559
	0.114
	0.124
	2.081
	2.888
	1.423
	1.977
	4.649
	5.526
	3.296
	4.143

	
	Mean
	0.159
	0.276
	0.04
	0.042
	0.895
	1.178
	0.562
	0.735
	1.907
	2.374
	1.314
	1.882

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	11.06
	NA
	1.078
	0
	1.643
	NA
	0.061
	NA
	0.355
	NA

	
	50%
	73.327
	NA
	71.556
	NA
	25.829
	0
	29.092
	NA
	10.629
	NA
	14.449
	NA

	
	95%
	141.32
	NA
	136.16
	NA
	86.721
	0
	90.962
	NA
	52.076
	NA
	59.739
	NA

	
	Mean
	71.913
	NA
	74.067
	NA
	31.581
	0
	35.946
	NA
	16.573
	NA
	20.215
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.012
	NA
	0.111
	0
	0.063
	NA
	0.191
	NA
	0.093
	NA

	
	50%
	0.106
	NA
	0.047
	NA
	0.393
	0
	0.341
	NA
	0.806
	NA
	0.482
	NA

	
	95%
	0.267
	NA
	0.097
	NA
	1.123
	0
	0.848
	NA
	1.925
	NA
	1.396
	NA

	
	Mean
	0.134
	NA
	0.05
	NA
	0.497
	0
	0.388
	NA
	0.902
	NA
	0.585
	NA

	VoIP latency (DL)
	8.452
	NA
	8.246
	NA
	62.906
	NA
	28.176
	NA
	47.125
	NA
	78.137
	NA

	VoIP latency (UL)
	10.26
	NA
	8.687
	NA
	129.298
	NA
	26.609
	NA
	77.005
	NA
	35.056
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	13.333
	NA
	36.667
	NA
	36.667
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	10
	NA
	30
	NA
	26.667
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	6.667
	NA
	20
	NA
	20
	NA

	ρDL
	0.938
	0.925
	0.96
	0.955
	0.851
	0.817
	0.881
	0.888
	0.706
	0.674
	0.757
	0.767

	ρUL
	0.951
	0
	0.956
	0
	0.916
	0
	0.932
	0
	0.855
	0
	0.871
	0

	BO
	0.158
	0.138
	0.123
	0.097
	0.479
	0.472
	0.446
	0.421
	0.711
	0.692
	0.666
	0.642

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -62 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: Yes. Detecting Wi-Fi PHY preamble with CCA-CS -82dBm
No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 7: LAA LBT with exponential contention window ED = -72dBm & detecting Wi-Fi PHY preamble

	Reported parameters 
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	41.83
	38.71
	0.599
	0.306
	1.37
	1.586
	0.208
	0.135
	1.17
	0.656

	
	50%
	79.398
	74.796
	82.508
	78.591
	33.644
	31.042
	40.686
	36.186
	10.944
	10.155
	16.77
	14.515

	
	95%
	121.47
	115.09
	122.6
	115.19
	79.075
	75.05
	83.21
	74
	46.028
	40.09
	51.953
	47.784

	
	Mean
	76.47
	73.385
	80.957
	78.695
	35.826
	33.134
	40.666
	36.238
	14.897
	13.755
	21.588
	17.752

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.005
	0.005
	0.133
	0.203
	0.083
	0.091
	0.275
	0.422
	0.174
	0.129

	
	50%
	0.126
	0.272
	0.03
	0.031
	0.749
	0.866
	0.415
	0.536
	1.442
	1.86
	0.89
	1.146

	
	95%
	0.42
	0.559
	0.11
	0.122
	2.081
	2.888
	1.439
	1.793
	4.649
	5.526
	2.95
	4.144

	
	Mean
	0.159
	0.276
	0.039
	0.041
	0.895
	1.178
	0.573
	0.683
	1.907
	2.374
	1.201
	1.621

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	16.72
	NA
	1.078
	0
	1.452
	NA
	0.061
	NA
	0.382
	NA

	
	50%
	73.327
	NA
	73.793
	NA
	25.829
	0
	33.526
	NA
	10.629
	NA
	15.634
	NA

	
	95%
	141.32
	NA
	135.73
	NA
	86.721
	0
	109.61
	NA
	52.076
	NA
	53.385
	NA

	
	Mean
	71.913
	NA
	75.771
	NA
	31.581
	0
	39.075
	NA
	16.573
	NA
	19.775
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.011
	NA
	0.111
	0
	0.05
	NA
	0.191
	NA
	0.069
	NA

	
	50%
	0.106
	NA
	0.042
	NA
	0.393
	0
	0.267
	NA
	0.806
	NA
	0.384
	NA

	
	95%
	0.267
	NA
	0.09
	NA
	1.123
	0
	0.666
	NA
	1.925
	NA
	1.132
	NA

	
	Mean
	0.134
	NA
	0.046
	NA
	0.497
	0
	0.3
	NA
	0.902
	NA
	0.467
	NA

	VoIP latency (DL)
	8.452
	NA
	7.684
	NA
	62.906
	NA
	24.145
	NA
	47.125
	NA
	34.456
	NA

	VoIP latency (UL)
	10.26
	NA
	8.497
	NA
	129.298
	NA
	23.701
	NA
	77.005
	NA
	30.135
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	13.333
	NA
	36.667
	NA
	23.333
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	6.667
	NA
	30
	NA
	16.667
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	10
	NA
	20
	NA
	10
	NA

	ρDL
	0.938
	0.925
	0.96
	0.954
	0.851
	0.817
	0.897
	0.884
	0.706
	0.674
	0.804
	0.767

	ρUL
	0.951
	0
	0.956
	0
	0.916
	0
	0.934
	0
	0.855
	0
	0.884
	0

	BO
	0.158
	0.138
	0.119
	0.096
	0.479
	0.472
	0.424
	0.408
	0.711
	0.692
	0.627
	0.633

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -72 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: Yes. Detecting Wi-Fi PHY preamble with CCA-CS -82dBm
No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 8: LAA LBT with exponential contention window ED = -72dBm

	Reported parameters 
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	30.66
	40.31
	0.599
	0.306
	0.537
	3.016
	0.208
	0.135
	0.269
	0.438

	
	50%
	79.398
	74.796
	77.956
	78.922
	33.644
	31.042
	30.803
	35.83
	10.944
	10.155
	13.256
	16.045

	
	95%
	121.47
	115.09
	119.52
	114.63
	79.075
	75.05
	81.513
	80.106
	46.028
	40.09
	43.292
	46.756

	
	Mean
	76.47
	73.385
	77.808
	79.135
	35.826
	33.134
	34.275
	37.407
	14.897
	13.755
	15.7
	18.919

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.006
	0.005
	0.133
	0.203
	0.224
	0.078
	0.275
	0.422
	0.135
	0.183

	
	50%
	0.126
	0.272
	0.032
	0.03
	0.749
	0.866
	0.706
	0.464
	1.442
	1.86
	1.159
	1.213

	
	95%
	0.42
	0.559
	0.132
	0.121
	2.081
	2.888
	2.149
	1.562
	4.649
	5.526
	3.987
	3.2

	
	Mean
	0.159
	0.276
	0.045
	0.04
	0.895
	1.178
	0.938
	0.589
	1.907
	2.374
	1.557
	1.404

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	11.96
	NA
	1.078
	0
	1.277
	NA
	0.061
	NA
	0.173
	NA

	
	50%
	73.327
	NA
	70.677
	NA
	25.829
	0
	27.831
	NA
	10.629
	NA
	10.945
	NA

	
	95%
	141.32
	NA
	135.94
	NA
	86.721
	0
	90.663
	NA
	52.076
	NA
	52.054
	NA

	
	Mean
	71.913
	NA
	72.629
	NA
	31.581
	0
	33.561
	NA
	16.573
	NA
	16.563
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.012
	NA
	0.111
	0
	0.054
	NA
	0.191
	NA
	0.142
	NA

	
	50%
	0.106
	NA
	0.044
	NA
	0.393
	0
	0.332
	NA
	0.806
	NA
	0.653
	NA

	
	95%
	0.267
	NA
	0.104
	NA
	1.123
	0
	0.92
	NA
	1.925
	NA
	1.618
	NA

	
	Mean
	0.134
	NA
	0.051
	NA
	0.497
	0
	0.392
	NA
	0.902
	NA
	0.757
	NA

	VoIP latency (DL)
	8.452
	NA
	10.149
	NA
	62.906
	NA
	39.256
	NA
	47.125
	NA
	77.178
	NA

	VoIP latency (UL)
	10.26
	NA
	9.815
	NA
	129.298
	NA
	31.32
	NA
	77.005
	NA
	44.645
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	26.667
	NA
	36.667
	NA
	56.667
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	20
	NA
	30
	NA
	53.333
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	16.667
	NA
	20
	NA
	26.667
	NA

	ρDL
	0.938
	0.925
	0.959
	0.955
	0.851
	0.817
	0.848
	0.894
	0.706
	0.674
	0.711
	0.829

	ρUL
	0.951
	0
	0.955
	0
	0.916
	0
	0.928
	0
	0.855
	0
	0.88
	0

	BO
	0.158
	0.138
	0.13
	0.095
	0.479
	0.472
	0.494
	0.387
	0.711
	0.692
	0.712
	0.585

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -72 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 9: LAA LBT with exponential contention window ED = -77dBm

	Reported parameters
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	38.89
	42.92
	0.599
	0.306
	1.938
	2.377
	0.208
	0.135
	0.418
	0.397

	
	50%
	79.398
	74.796
	79.888
	79.702
	33.644
	31.042
	34.069
	35.091
	10.944
	10.155
	14.454
	15.03

	
	95%
	121.47
	115.09
	122.59
	118.36
	79.075
	75.05
	78.26
	74.628
	46.028
	40.09
	47.921
	42.088

	
	Mean
	76.47
	73.385
	81.201
	79.807
	35.826
	33.134
	36.149
	35.949
	14.897
	13.755
	17.46
	16.92

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.006
	0.005
	0.133
	0.203
	0.06
	0.05
	0.275
	0.422
	0.165
	0.184

	
	50%
	0.126
	0.272
	0.03
	0.029
	0.749
	0.866
	0.461
	0.428
	1.442
	1.86
	1.127
	1.193

	
	95%
	0.42
	0.559
	0.116
	0.11
	2.081
	2.888
	1.64
	1.748
	4.649
	5.526
	3.543
	3.278

	
	Mean
	0.159
	0.276
	0.04
	0.039
	0.895
	1.178
	0.612
	0.617
	1.907
	2.374
	1.47
	1.402

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	12.79
	NA
	1.078
	0
	2.324
	NA
	0.061
	NA
	0.342
	NA

	
	50%
	73.327
	NA
	74.653
	NA
	25.829
	0
	29.681
	NA
	10.629
	NA
	12.834
	NA

	
	95%
	141.32
	NA
	138.91
	NA
	86.721
	0
	96.434
	NA
	52.076
	NA
	53.868
	NA

	
	Mean
	71.913
	NA
	76.328
	NA
	31.581
	0
	35.274
	NA
	16.573
	NA
	18.532
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.011
	NA
	0.111
	0
	0.071
	NA
	0.191
	NA
	0.111
	NA

	
	50%
	0.106
	NA
	0.042
	NA
	0.393
	0
	0.324
	NA
	0.806
	NA
	0.542
	NA

	
	95%
	0.267
	NA
	0.093
	NA
	1.123
	0
	0.838
	NA
	1.925
	NA
	1.357
	NA

	
	Mean
	0.134
	NA
	0.047
	NA
	0.497
	0
	0.383
	NA
	0.902
	NA
	0.618
	NA

	VoIP latency (DL)
	8.452
	NA
	8.138
	NA
	62.906
	NA
	68.619
	NA
	47.125
	NA
	38.439
	NA

	VoIP latency (UL)
	10.26
	NA
	8.625
	NA
	129.298
	NA
	26.548
	NA
	77.005
	NA
	34.535
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	13.333
	NA
	36.667
	NA
	26.667
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	10
	NA
	30
	NA
	26.667
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	6.667
	NA
	20
	NA
	16.667
	NA

	ρDL
	0.938
	0.925
	0.96
	0.954
	0.851
	0.817
	0.876
	0.882
	0.706
	0.674
	0.76
	0.786

	ρUL
	0.951
	0
	0.955
	0
	0.916
	0
	0.932
	0
	0.855
	0
	0.894
	0

	BO
	0.158
	0.138
	0.121
	0.092
	0.479
	0.472
	0.469
	0.415
	0.711
	0.692
	0.675
	0.626

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -77 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.


Table 10: LAA LBT with exponential contention window ED = -82dBm

	Reported parameters
	Low load
BO range for Wi-Fi Opt.1  in Step 1: 10% - 25%
	Medium load
BO range for Wi-Fi Opt.1  in Step 1: 35%-50%
	High load
BO range for Wi-Fi Opt.1  in Step 1: above 55%

	
	Step 1
	Step 2
	Step 1
	Step 2
	Step 1
	Step 2

	
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA
	Wi-Fi 1 
	Wi-Fi 2
	Wi-Fi 1
	LAA

	DL:
UPT CDF
[Mbps]
	5%
	15.32
	10.56
	32.94
	41.52
	0.599
	0.306
	0.876
	0.225
	0.208
	0.135
	1.754
	0.536

	
	50%
	79.398
	74.796
	80.901
	78.271
	33.644
	31.042
	39.616
	34.611
	10.944
	10.155
	19.477
	14.602

	
	95%
	121.47
	115.09
	133.99
	115.09
	79.075
	75.05
	86.638
	77.715
	46.028
	40.09
	54.476
	44.804

	
	Mean
	76.47
	73.385
	80.32
	78.684
	35.826
	33.134
	40.769
	36.772
	14.897
	13.755
	23.085
	18.146

	DL:
Delay CDF
[s]
	5%
	0.025
	0.062
	0.005
	0.005
	0.133
	0.203
	0.088
	0.138
	0.275
	0.422
	0.049
	0.117

	
	50%
	0.126
	0.272
	0.031
	0.03
	0.749
	0.866
	0.482
	0.718
	1.442
	1.86
	0.559
	1.199

	
	95%
	0.42
	0.559
	0.122
	0.13
	2.081
	2.888
	1.48
	1.956
	4.649
	5.526
	2.538
	3.713

	
	Mean
	0.159
	0.276
	0.041
	0.043
	0.895
	1.178
	0.63
	0.852
	1.907
	2.374
	0.871
	1.487

	UL:
UPT CDF
[Mbps]
	5%
	2.933
	NA
	13.04
	NA
	1.078
	0
	1.551
	NA
	0.061
	NA
	0.499
	NA

	
	50%
	73.327
	NA
	72.541
	NA
	25.829
	0
	33.009
	NA
	10.629
	NA
	16.909
	NA

	
	95%
	141.32
	NA
	137.16
	NA
	86.721
	0
	100.61
	NA
	52.076
	NA
	68.917
	NA

	
	Mean
	71.913
	NA
	75.782
	NA
	31.581
	0
	39.606
	NA
	16.573
	NA
	21.845
	NA

	UL:
Delay CDF
[s]
	5%
	0.025
	NA
	0.011
	NA
	0.111
	0
	0.045
	NA
	0.191
	NA
	0.064
	NA

	
	50%
	0.106
	NA
	0.044
	NA
	0.393
	0
	0.26
	NA
	0.806
	NA
	0.345
	NA

	
	95%
	0.267
	NA
	0.099
	NA
	1.123
	0
	0.683
	NA
	1.925
	NA
	1.164
	NA

	
	Mean
	0.134
	NA
	0.049
	NA
	0.497
	0
	0.302
	NA
	0.902
	NA
	0.463
	NA

	VoIP latency (DL)
	8.452
	NA
	7.205
	NA
	62.906
	NA
	21.064
	NA
	47.125
	NA
	65.375
	NA

	VoIP latency (UL)
	10.26
	NA
	7.87
	NA
	129.298
	NA
	22.352
	NA
	77.005
	NA
	26.515
	NA

	VoIP outage
	0
	NA
	0
	NA
	23.333
	NA
	13.333
	NA
	36.667
	NA
	16.667
	NA

	VoIP outage (DL)
	0
	NA
	0
	NA
	13.333
	NA
	3.333
	NA
	30
	NA
	13.333
	NA

	VoIP outage (UL)
	0
	NA
	0
	NA
	16.667
	NA
	13.333
	NA
	20
	NA
	6.667
	NA

	ρDL
	0.938
	0.925
	0.959
	0.955
	0.851
	0.817
	0.882
	0.878
	0.706
	0.674
	0.83
	0.775

	ρUL
	0.951
	0
	0.956
	0
	0.916
	0
	0.933
	0
	0.855
	0
	0.894
	0

	BO
	0.158
	0.138
	0.122
	0.097
	0.479
	0.472
	0.418
	0.42
	0.711
	0.692
	0.603
	0.624

	λ
	0.25
	0.384
	0.4347

	Additional comments: 

· LBT category: Category 4 (R1-152938)
· Sensing threshold used: LAA CCA-ED -82 dBm

· Whether defer periods are used or not: Yes. Defer period 43us

· CCA and ECCA slot length: 9 μs
· CWmin=15, CWmax=1023
· Whether or not intra and/or inter-RAT detection is assumed: No. only CCA-ED

No licensed carrier. TXOP=5ms, UE noise figure 7dB, and 256QAM. Wi-Fi uses LDPC, Explicit TxBF, closed loop MCS/rank adaptation using explicit TXBF information, & short GI.
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