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1 Introduction

The evaluated channel access schemes are classified according to the following categories, as agreed in RAN1#80 meeting:

o
Category 1: No LBT

o
Category 2: LBT without random back-off

o
Category 3: LBT with random back-off with fixed size of contention window

o
Category 4: LBT with random back-off with variable size of contention window
In this contribution, we provide and discuss the results of LAA-LAA co-existence evaluation with different LBT categories.
2 Evaluations and discussions
· 2.1
Evaluation scenarios and assumptions
Following three co-existence scenarios with two operators are simulated:
· Scenario 1:  Operator #1 and operator #2 both deploy LAA with LBT Category 2
· Scenario 2:  Operator #1 and operator #2 both deploy LAA with LBT Category 3
· Scenario 3:  Operator #1 and operator #2 both deploy LAA with LBT Category 4
The evaluation is performed based on the agreed general simulation assumptions in [1], in which some methodologies or parameters are left as determined by each company. The indoor scenario is mainly simulated and the timings of the two operators are not synchronous. The detailed description of LBT Category 2-4 is in [2]. Maximum transmission duration is 4ms. Further details are provided in Appendix. Some results of the outdoor scenario are also provided in Appendix
· 2.2
Evaluation results
In this section we provide evaluation results for the three co-existence scenarios and the following performance metrics are provided:
· DL UPT

· Buffer occupancy (BO)

The traffic load conditions of each scenario are FTP1 traffic with DL arrival rate ,λ= {1, 2, 3}, and {X=4 Y=1}.
· Indoor scenario
In Table 1, 2, and 3, the evaluation results of different LBT categories for LAA-LAA coexistence are provided in the indoor scenario.
Table 1 evaluation results for indoor scenario with 𝜆=1
	Reported parameters
	Category 2
	Category 3
	Category 4

	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	UPT CDF [Mbps]
	5%
	21.2686
	18.7647
	20.7955
	18.2161
	21.0470
	17.9085

	
	50%
	35.7498
	36.6630
	35.6377
	36.2444
	35.4047
	36.4167

	
	95%
	76.2715
	77.3298
	76.7124
	78.5855
	76.5001
	78.5178

	
	Mean
	43.745
	43.2593
	43.7647
	43.0408
	43.6979
	43.0878

	Delay CDF [s]
	5%
	0.0533
	0.0527
	0.053
	0.0519
	0.0529
	0.0521

	
	50%
	0.1146
	0.1118
	0.1147
	0.1131
	0.1152
	0.1125

	
	95%
	0.1879
	0.2173
	0.1962
	0.2232
	0.1923
	0.2246

	
	Mean
	0.1089
	0.1135
	0.1115
	0.1147
	0.1115
	0.1148

	𝜌
	0.9531
	0.9476
	0.9516
	0.9425
	0.9537
	0.9408

	BO
	10.3117%
	11.5763%
	10.9658%
	11.6746%
	10.9644%
	11.6803%

	𝜆
	1.0
	1.0
	1.0

	Additional comments
	LBT category 2: frame period: 4ms (Maximum Occupancy Time= 4 ms, idle time = 0.2ms)

LBT category 3: q=32, Maximum Occupancy Time= 4 ms

LBT category 4: follows the ETSI standard


Table 2 evaluation results for indoor scenario with 𝜆=2
	Reported parameters
	Category 2
	Category 3
	Category 4

	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	UPT CDF [Mbps]
	5%
	12.8914
	10.8307
	13.1149
	10.6405
	12.8138
	11.2436

	
	50%
	31.4309
	30.3217
	31.3583
	29.4203
	30.8674
	32.0336

	
	95%
	73.9907
	72.4842
	74.8886
	72.5195
	74.9133
	75.3969

	
	Mean
	36.2734
	33.1379
	36.6843
	32.7631
	35.8662
	35.2088

	Delay CDF [s]
	5%
	0.05526
	0.0565
	0.0547
	0.0564
	0.0547
	0.0543

	
	50%
	0.1304
	0.1351
	0.1307
	0.1393
	0.1328
	0.1279

	
	95%
	0.3141
	0.3683
	0.3125
	0.3815
	0.3183
	0.3645

	
	Mean
	0.1488
	0.1684
	0.1482
	0.1716
	0.1518
	0.1612

	𝜌
	0.9045
	0.8884
	0.9101
	0.8845
	0.9043
	0.8927

	BO
	26.6818%
	29.6909%
	25.1652%
	30.0737%
	27.0127%
	25.1914%

	𝜆
	2.0
	2.0
	2.0

	Additional comments
	LBT category 2: frame period: 4ms (Maximum Occupancy Time= 4 ms, idle time = 0.2ms)

LBT category 3: q=32, Maximum Occupancy Time= 4 ms

LBT category 4: follows the ETSI standard


Table 3 evaluation results for indoor scenario with 𝜆=3
	Reported parameters
	Category 2
	Category 3
	Category 4

	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	UPT CDF [Mbps]
	5%
	9.4908
	7.2978
	7.3013
	6.6978
	7.3294
	6.3627

	
	50%
	28.6130
	22.8692
	23.144
	20.5274
	22.7925
	20.576

	
	95%
	70.5043
	58.808
	65.7822
	57.1897
	66.7434
	59.1815

	
	Mean
	28.4913
	25.8865
	27.2702
	23.9094
	27.5409
	24.7674

	Delay CDF [s]
	5%
	0.0573
	0.069
	0.062
	0.0717
	0.0611
	0.0692

	
	50%
	0.1432
	0.1792
	0.1771
	0.1979
	0.1798
	0.1988

	
	95%
	0.4232
	0.5581
	0.5414
	0.6118
	0.5416
	0.644

	
	Mean
	0.2128
	0.2324
	0.2201
	0.2569
	0.2116
	0.2526

	𝜌
	0.8715
	0.8674
	0.8578
	0.8483
	0.8620
	0.8546

	BO
	40.8268%
	45.7767%
	47.2075%
	52.0249%
	47.4326%
	52.2572%

	𝜆
	3.0
	3.0
	3.0

	Additional comments
	LBT category 2: frame period: 4ms (Maximum Occupancy Time= 4 ms, idle time = 0.2ms)

LBT category 3: q=32, Maximum Occupancy Time= 4 ms

LBT category 4: follows the ETSI standard


Based on above evaluation results, we can see the following observations. 

· LAA operators with LBT Category 2, Category 3, and Category 4 provide close performance under low traffic conditions.
· LAA operators with LBT Category 2 and LBT Category 4 provide slightly better performance than LAA operators with LBT Category 3 under medium traffic conditions.
· LAA operators with LBT Category 2 and LBT Category 4 provide close performance under medium traffic conditions.
3 Conclusions

In this contribution, we provide and discuss the results of LAA-LAA co-existence evaluation with different LBT categories. Based on the results, we have the following observations:
Observation 1: LAA operators with LBT Category 2, Category 3, and Category 4 provide close performance under low traffic conditions.
Observation 2: LAA operators with LBT Category 2 and LBT Category 4 provide slightly better performance than LAA operators with LBT Category 3 under medium traffic conditions.
Observation 3: LAA operators with LBT Category 2 and LBT Category 4 provide close performance under medium traffic conditions.
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5 Appendix
	Parameter
	Value

	Transmission schemes
	Based on TM10, QPSK/16QAM/64QAM 

	Antenna configuration


	2Tx2Rx in DL, Cross-polarized 

	CCA-ED 
	-62dBm

	DL/UL Duplexing
	For the DL-only LAA coexistence evaluations:

· DL traffic only


Table 4 evaluation results for outdoor scenario with 𝜆=1
	Reported parameters
	Category 2
	Category 3
	Category 4

	
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2
	LAA opt. 1
	LAA opt. 2

	UPT CDF [Mbps]
	5%
	11.1264
	11.0127
	11.1217
	10.96
	11.0884
	10.9254

	
	50%
	28.6855
	28.9701
	28.1325
	28.3057
	28.1651
	28.3155

	
	95%
	67.1987
	73.9233
	67.6193
	70.6808
	67.6811
	70.5428

	
	Mean
	30.6
	31.7448
	30.4666
	31.4480
	30.4488
	31.4185

	Delay CDF [s]
	5%
	0.061
	0.0581
	0.0606
	0.058
	0.0605
	0.058

	
	50%
	0.1429
	0.1415
	0.1457
	0.1448
	0.1455
	0.1447

	
	95%
	0.3678
	0.3984
	0.368
	0.3737
	0.3696
	0.3747

	
	Mean
	0.1729
	0.17
	0.1743
	0.1726
	0.1745
	0.1729

	𝜌
	0.9602
	0.9614
	0.9602
	0.9596
	0.9612
	0.9608

	BO
	15.5765%
	15.9391%
	15.9856%
	16.2218%
	16.0068%
	16.2285%

	𝜆
	1.0
	1.0
	1.0

	Additional comments
	LBT category 2: frame period: 4ms (Maximum Occupancy Time= 4 ms, idle time = 0.2ms)

LBT category 3: q=32, Maximum Occupancy Time= 4 ms

LBT category 4: follows the ETSI standard
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