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Introduction
In RAN1 #80, LBT schemes were classified into four categories for LAA channel access evaluations [1]. 
· 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
Note: Contention window is the maximum possible random back-off value
Note: Category classification does not restrict a LBT design investigation
Note: Company is encouraged to evaluate many categories as much as possible
· Illustrative examples
· FBE procedure as defined in EN BRAN V1.8.0 belongs to category 2
· LBE procedure with a fixed q for the contention window as defined in EN BRAN V1.8.0 belongs to category 3
· LBE procedure Op A with a variable q for the contention window as defined in EN BRAN V1.8.0 belongs to category 4

Also, the Buffer Occupancy was agreed as an output metric for at least DL only LAA evaluation. 
· Confirm the working assumption of Buffer Occupancy (BO) as an output metric for at least DL only LAA evaluation
· The modifications of BO for uplink transmission is FFS
· Packet arrival rate for the measured BO of the non-replaced Wi-Fi network in Wi-Fi/Wi-Fi coexistence scenario is used as the packet arrival rate in Wi-Fi/LAA coexistence evaluations
· Recommend to report BO both for LAA and Wi-Fi
· The corresponding BO range for DL only transmission is:
· Low load: 10%~25% 
· Medium load: 35~50%
· High load: above 55%
· Report a ratio of  mean served cell throughput and offered cell throughput

In this contribution, some preliminary simulation results of Wi-Fi and LAA coexistence performance for DL only LAA are provided based on the agreed assumptions. The LBT schemes investigated include FBE (Category 2) and LBE with fixed contention window size (Category 3). 
Simulation scenarios and assumptions
The following Wi-Fi and LAA coexistence scenarios are evaluated as agreed in [2] :
· Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic 
· Indoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic  (LAA without licensed carrier)
· Outdoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic
· Outdoor deployment for Wi-Fi and LAA coexistence case with one shared unlicensed carrier and FTP traffic (LAA without licensed carrier)
In this contribution, the LAA frame structures of FBE and LBE based on Alt.2 in [3] are evaluated for LAA transmission. The FTP-3 traffic model is considered for all simulation cases in this contribution. The detailed LBT parameters and additional simulation assumptions can be found in the appendix. In addition, the evaluation results of LAA-LAA coexistence can be found in our companion contribution [4]. 

Simulation results
The average user perceived throughput (UPT), latency/delay and buffer occupancy as performance metrics are given. Herein 𝜆 denotes the traffic arrival rate, and 𝜌 denotes the ratio of the mean served cell throughput to the mean offered cell throughput for a given traffic arrival rate [2].
Indoor Scenarios
The coexistence simulation results for the indoor scenario are provided in Table 1 and Table 2. The values without the parentheses correspond to the case where the LAA data is not transmitted on the licensed carrier, while the values within the parentheses correspond to the case where the LAA data can be transmitted on both licensed and LAA carriers. 
[bookmark: _Ref414373258]Table 1: Indoor without/with licensed CC, LBE
	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

	UPT CDF [Mbps]
	5%
	10.29
	26.35
(52.07)
	40.37
(103.66)
	5.10
	3.10
(31.44)
	15.15
(94.32)
	3.53
	2.22
(24.08)
	16.14
(79.89)

	
	50%
	67.38
	74.19
(90.17)
	73.19
(133.27)
	47.34
	52.49
(77.03)
	58.66
(120.60)
	35.02
	34.58
(68.71)
	44.68
(117.04)

	
	95%
	101.44
	103.10
(111.30)
	95.68
(152.84)
	88.82
	84.77
(100.49)
	86.05
(145.64)
	76.72
	70.14
(93.38)
	75.22
(140.33)

	
	Mean
	63.23
	70.98
(87.90)
	71.76
(132.08)
	47.82
	49.19
(74.34)
	56.96
(121.54)
	36.19
	35.50
(64.99)
	44.54
(114.05)

	Delay CDF [s]
	5%
	0.032
	0.032
(0.032)
	0.036
(0.024)
	0.032
	0.032
(0.032)
	0.036
(0.024)
	0.032
	0.032
(0.032)
	0.036
(0.024)

	
	50%
	0.064
	0.057
(0.040)
	0.055
(0.025)
	0.095
	0.092
(0.052)
	71.00
(30.00)
	0.163
	0.159
(0.064)
	0.100
(0.034)

	
	95%
	0.852
	0.426
(0.180)
	0.171
(0.055)
	1.629
	1.930
(0.401)
	375.0
(66.00)
	2.675
	3.857
(0.607)
	0.683
0.076)

	
	Mean
	0.202
	0.119
(0.064)
	0.077
(0.033)
	0.362
	0.389
(0.134)
	0.133
(0.37)
	0.585
	0.715
(0.162)
	0.201
(0.041)

	ρ
	0.95
	0.96
(0.99)
	0.88
(0.90)
	0.87
	0.88
(0.95)
	0.84
(0.87)
	0.79
	0.75
(0.94)
	0.79
(0.81)

	BO
	0.24
	0.17
(0.10)
	0.13
(0.06)
	0.38
	0.37
(0.19)
	0.22
(0.08)
	0.55
	0.56
(0.26)
	0.33
(0.10)

	λ
	0.70
	0.85
	1.00

	Additional comments
	LBE, q Value:32,  Maximum Occupancy Time : 10ms




[bookmark: _Ref414454529]Table 2: Indoor without/with licensed CC, FBE
	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

	UPT CDF [Mbps]
	5%
	10.29
	26.57
(57.97)
	24.62
(95.03)
	5.10
	8.22
(44.78)
	8.10
(79.34)
	3.53
	5.71
(27.05)
	5.73
(67.88)

	
	50%
	67.38
	87.49
(94.78)
	70.39
(126.12)
	47.34
	66.75
(87.78)
	51.14
(114.62)
	35.02
	51.76
(80.54)
	36.38
(105.50)

	
	95%
	101.44
	112.93
(115.00)
	93.52
(150.32)
	88.82
	102.28
(108.27)
	83.74
(142.11)
	76.72
	92.47
(101.11)
	70.62
(134.45)

	
	Mean
	63.23
	82.39
(93.10)
	67.47
(125.22)
	47.82
	61.56
(85.63)
	49.09
(114.42)
	36.19
	49.98
(73.65)
	36.83
(105.47)

	Delay CDF [s]
	5%
	0.032
	0.032
(0.032)
	0.037
(0.024)
	0.032
	0.032 (0.032)
	0.037 (0.024)
	0.032
	0.032 (0.032)
	0.037
(0.024)

	
	50%
	0.064
	0.038
(0.034)
	0.056
(0.026)
	0.095
	0.066
(0.039)
	0.086
(0.034)
	0. 163
	0.094
(0.052)
	0.134
(0.038)

	
	95%
	0.852
	0.339
(0.175)
	0.304
(0.074)
	1.629
	1.086
(0.239)
	0.847
(0.094)
	2.675
	1.838
(0.499)
	2.048
(0.123)

	
	Mean
	0.203
	0.119
(0.061)
	0.146
(0.038)
	0.362
	0.246
(0.074)
	0.221
(0.044)
	0.585
	0.418
(0.138)
	0.423
(0.056)

	ρ
	0.95
	0.95
(0.99)
	0.85
(0.89)
	0.87
	0.91
(0.96)
	0.78
(0.86)
	0.79
	0.74
(0.96)
	0.59
(0.79)

	BO
	0.24
	0.15
(0.10)
	0.17
(0.07)
	0.38
	0.28
(0.14)
	0.31
(0.09)
	0.55
	0.43
(0.22)
	0.48
(0.12)

	λ
	0.7
	0.85
	1

	Additional comments
	FBE frame period: 10ms(Maximum Occupancy Time= 9.5ms, idle time = 0.5ms)



For the case without licensed carrier, we observe the following:
· For LBE-based LAA,
· For the low and medium traffic load, LAA provides fair coexistence with Wi-Fi, while maintaining good performance itself.
· However, for high traffic load, the Wi-Fi performance becomes slightly worse than the performance in Wi-Fi/Wi-Fi coexistence scenario due to the fact that the advantage of LBE-based LAA in channel access compared to Wi-Fi becomes more obvious.
· For FBE-based LAA,
· Wi-Fi in Wi-Fi/LAA coexistence performs better that that in Wi-Fi/Wi-Fi coexistence across the range of the traffic load.
· However, LAA does not perform very well, mainly due to its disadvantage in channel access compared to Wi-Fi, which on the other hand boosts the Wi-Fi performance. The relative performance of LAA compared to Wi-Fi becomes worse as the traffic load increases. Note that in these simulations, a periodicity of 10 ms is used for FBE, which means that LAA only has the chance to access the channel once every 10 ms.
· LBE-based LAA has better UPT than FBE-based LAA under various traffic loads. That is mainly because LBE could obtain more transmission opportunities than FBE when contending the unlicensed channel with Wi-Fi. 
Observation 1: For the indoor scenario, in terms of UPT and latency, Wi-Fi has good performance in Wi-Fi/LAA coexistence for both FBE-based and LBE-based LBT mechanisms in the low and medium traffic load. When there is a performance difference between Wi-Fi and LAA due to unfair channel access, the difference become larger as the traffic load increases.

Outdoor Scenarios
In this section, the coexistence simulation results for the outdoor scenarios are provided in Table 3 and Table 4. 
Table 3: Outdoor without/with licensed CC, LBE
	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

	UPT CDF [Mbps]
	5%
	23.39
	16.23
(40.56)
	32.40
(99.09)
	2.30
	4.59
(24.05)
	14.80
(84.05)
	1.36
	1.16
(12.39)
	7.08
(71.28)

	
	50%
	65.92
	55.35
(80.30)
	72.11
(136.04)
	28.07
	21.06
(55.61)
	46.48
(118.78)
	18.34
	11.51
(46.50)
	39.11
(109.87)

	
	95%
	104.37
	95.87
(106.83)
	96.68
(154.07)
	79.00
	62.16
(87.81)
	80.14
(144.90)
	63.51
	51.66
(80.36)
	72.57
(136.87)

	
	Mean
	65.21
	55.46
(79.01)
	69.33
(131.61)
	32.86
	25.24
(55.95)
	47.38
(116.73)
	24.74
	17.18
(46.33)
	39.75
(108.70)

	Delay CDF [s]
	5%
	0.032
	0.032
(0.033)
	0.036
(0.024)
	0.032
	0.037
(0.033)
	0.036
(0.024)
	0.036
	0.044
(0.032)
	0.038
(0.024))

	
	50%
	0.064
	0.084
(0.049)
	0.054
(0.026)
	0.184
	0.265
(0.083)
	0.087
(0.031)
	0.258
	0.434
(0.107)
	0.107
(0.035)

	
	95%
	0.535
	0.886
(0.231)
	0.229
(0.056)
	2.390
	2.506
(0.595)
	0.514
(0.069)
	2.967
	3.710
(0.914)
	0.688
(0.079)

	
	Mean
	0.139
	0.242
(0.078)
	0.092
(0.033)
	0.535
	0.635
(0.167)
	0.160
(0.038)
	0.731
	0.987
(0.245)
	0.215
(0.041)

	ρ
	0.98
	0.94
(0.96)
	0.87
(0.89)
	0.81
	0.84
(1.00)
	0.77
(0.8 )
	0.71
	0.70
(0.94)
	0.75
(0.79)

	BO
	0.17
	0.21
(0.10)
	0.12
(0.05)
	0.49
	0.57
(0.25)
	0.25
(0.08)
	0.64
	0.74
(0.36)
	0.33
(0.10)

	λ
	0.60
	0.85
	1.00

	Additional comments
	LBE, q Value:32,  Maximum Occupancy Time : 10ms



Table 4: Outdoor without/with licensed CC, FBE
	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

	UPT CDF [Mbps]
	5%
	23.39
	23.20
(44.43)
	38.74
(87.86)
	2.30
	4.40
(23.26)
	6.93
(69.62)
	1.36
	1.55
(12.56)
	4.55
(54.60)

	
	50%
	65.92
	68.23
(85.65)
	69.00
(129.81)
	28.07
	29.96
(62.20)
	41.61
(104.05)
	18.34
	17.88
(52.40)
	30.24
(96.36)

	
	95%
	104.37
	107.73
(112.97)
	96.80
(155.22)
	79.00
	77.27
(93.87)
	72.83
(137.54)
	63.51
	67.99
(89.17)
	59.05
(134.80)

	
	Mean
	65.21
	67.72
(83.57)
	68.17
(126.68)
	32.86
	34.51
(60.12)
	41.27
(104.95)
	24.74
	23.68
(52.55)
	30.97
(95.51)

	Delay CDF [s]
	5%
	0.032
	0.033
(0.033)
	0.037
(0.024)
	0.032
	0.033
(0.033)
	0.037
(0.024)
	0.036
	0.035
(0.032)
	0.037
(0.023)

	
	50%
	0.064
	0.060
(0.042)
	0.056
(0.026)
	0.184
	0.180
(0.075)
	0.107
(0.038)
	0.258
	0.339
(0.087)
	0.166
(0.044)

	
	95%
	0.535.
	0.481
(0.197)
	0.266
(0.072)
	2.390
	1.647
(0.498)
	0.835
(0.110)
	2.967
	3.344
(0.767)
	1.465
(0.134)

	
	Mean
	0.139
	0.130
(0.070)
	0.092
(0.036)
	0.535
	0.449
(0.142)
	0.231
(0.049)
	0.731
	0.803
(0.217)
	0.379
(0.057)

	ρ
	0.98
	0.94
(0.96)
	0.85
(0.88)
	0.81
	0.89
(1.00)
	0.74
(0.80)
	0.71
	0.75
(0.95)
	0.68
(0.76)

	BO
	0.17
	0.15
(0.09)
	0.12
(0.06)
	0.49
	0.46
(0.23)
	0.31
(0.10)
	0.64
	0.66
(0.33)
	0.46
(0.12)

	λ
	0.60
	0.85
	1

	Additional comments
	FBE frame period: 10ms(Maximum Occupancy Time= 9.5ms, idle time = 0.5ms)



The results for the outdoor case roughly follow the same trend as those in the indoor case. However, in terms of the absolute performance, it can be seen that Wi-Fi performs worse in LAA/Wi-Fi than in Wi-Fi/Wi-Fi for LBE-based LBT even with low and medium load. This is likely due to more interference observed by each node (including the interference from neighboring clusters) in the outdoor scenario, which magnifies the effect of the channel access advantage of LBE compared to the indoor scenario. 
Observation 2: For the outdoor scenario, Wi-Fi performs worse in LAA/Wi-Fi than in Wi-Fi/Wi-Fi for LBE-based LBT.
Observation 3: For both the indoor and outdoor scenarios, when co-existing with Wi-Fi, the LBE-based LAA mechanism performs better than FBE-based LAA because LBE can obtain more transmission opportunities.

In addition, for all the simulations cases with the licensed CC, we see that both Wi-Fi and LAA perform very well compared to the baseline Wi-Fi/Wi-Fi case. This is because a significant portion of the LAA traffic is served by the licensed CC, which improves the LAA performance itself while also providing more opportunities on the unlicensed carrier to Wi-Fi for transmission.
Observation 4: With the licensed carrier for LAA, both Wi-Fi and LAA perform better compared to the baseline Wi-Fi/Wi-Fi case.

Note that all these observations are made based on the specific assumptions that were chosen for evaluation, so they may have dependency on some of the parameters chosen for the LBT mechanism.
The results certainly suggest that further investigation is needed on the LBT mechanism, including the parameter tuning, in order to ensure fair coexistence between LAA and Wi-Fi. This is especially important for the high load case.

Conclusion
In this contribution, we provided initial LAA and Wi-Fi coexistence simulation results for DL only LAA. Based on the simulation results, we made the following observations:
Observation 1: For the indoor scenario, in terms of UPT and latency, Wi-Fi has good performance in Wi-Fi/LAA coexistence for both FBE-based and LBE-based LBT mechanism in the low and medium traffic load. When there is a performance difference between Wi-Fi and LAA due to unfair channel access, the difference become larger as the traffic load increases.
Observation 2: For the outdoor scenario, Wi-Fi performs worse in LAA/Wi-Fi than in Wi-Fi/Wi-Fi for LBE-based LBT.
Observation 3: For both the indoor and outdoor scenarios, when co-existing with Wi-Fi, the LBE-based LAA mechanism performs better than FBE-based LAA because LBE can obtain more transmission opportunities.
Observation 4: With the licensed carrier for LAA, both Wi-Fi and LAA perform better compared to the baseline Wi-Fi/Wi-Fi case.
The simulation results suggest that further study is needed on the LBT mechanism, including the parameter tuning, in order to ensure fair coexistence between LAA and Wi-Fi, which is especially important for the high load case.
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Appendix: Simulation assumptions
According to the agreement on the simulation assumption, the following parameters are provided for details. The others are aligned with [1], which are not mentioned here.
Table 5 Coexistence evaluation assumptions
	Parameters
	LAA
	Wi-Fi

	Outdoor scenario layout
	Based on SCE# 2a + unlicensed band
X=4, Y=1; 10 UEs per operator per carrier; 10 m for min. distance between small cells of different operators

	Indoor scenario layout
	Based on SCE#3 + unlicensed band
X=4, Y=1; 10 UEs per operator per carrier; 3 m minimal distance between small cells of different operators

	Traffic model
	FTP Model 3
file size: 0.5 Mbytes

	Network synchronization
	For the same operator, the network is ideally synchronized
Small cells of different operators are not synchronized

	Total BS TX power
	18 dBm
	18 dBm

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized; adaptive stream
	2Tx2Rx in DL, Cross-polarized; Open-loop with 2 fixed streams

	CCA-ED
	-73 dBm/MHz+23-PH / (1 MHz)
	-62 dBm

	Channel selection
	None
	None

	Link adaptation
	Realistic
	Rate control - Minstrel algorithm



Table 6 Wi-Fi additional simulation parameter
	Parameter
	value

	MCS
	802.11ac MCS table (No 256QAM)

	LDPC
	No

	MPDU size
	1 ms

	Max PPDU duration
	3 ms

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection only

	
	RTS/CTS
	None

	
	Contention window
	Per DCF

	ACK Modeled
	Ideal reception, but resource utilization and interference caused by ACK is modelled.



Table 7 LTE additional simulation parameter
	Parameter
	value

	Transmission schemes
	[bookmark: _GoBack]TM10

	Scheduler
	Proportional fair

	UE receiver 
	MMSE-IRC

	Scheduling delay for LAA
	4 ms (Channel ON Status)

	CQI/RI/PMI Feedback for LAA
	Sub-band feedback with 1 ms feedback period  and 1ms feedback delay

	MAC HARQ
	Number of maximum ReTx: 3; minimal interval of ReTx: 8 ms (Channel ON Status)

	Outer loop link adaptation
	Enabled



