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1 Introduction
In RAN1 80th meeting, the following LBT schemes are agreed for the evaluation [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

During the past RAN1 meetings, the co-existence results for both outdoor and indoor LAA scenarios were provided by many companies. In this contribution, we summarize our outdoor co-existence evaluation results for DL only LAA+LAA scenario.
2 Evaluation results for LAA+LAA
In this section, the co-existence evaluation results for DL only LAA+LAA are presented. In the evaluation, we provide the performance comparison for both FBE and LBE in Table 1.  Detailed evaluation assumption can be found in the appendix. 
Table 1: LAA+LAA co-existence evaluation results
	LAA LBT cat.
	Reported parameters
	Low load

BO range: 10%~25%
	Medium load

BO range: 35%~50%
	High load

BO range:

above 55%

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

	Cat 2

	UPT CDF

[Mbps]
	5%
	3.99
	3.01
	1.78
	2.15
	0.14
	0.14

	
	
	50%
	36.04
	36.36
	5.17
	5.82
	3.80
	3.98

	
	
	95%
	57.56
	70.71
	41.92
	50.81
	36.30
	13.37

	
	
	Mean
	35.10
	35.98
	13.61
	13.74
	7.58
	5.32

	
	Delay CDF

[s]
	5%
	0.06
	0.06
	0.06
	0.06
	0.07
	0.07

	
	
	50%
	0.10
	0.09
	0.24
	0.25
	0.54
	1.49

	
	
	95%
	0.37
	0.38
	2.65
	3.99
	8.00
	8.00

	
	
	Mean
	0.14
	0.14
	0.62
	0.84
	1.97
	3.13

	
	𝜌
	1.00
	1.00
	0.92
	0.91
	0.74
	0.69

	
	BO
	0.19
	0.18
	0.45
	0.47
	0.65
	0.68

	
	𝜆
	0.8
	1.3
	2.4

	Additional comments: FBE,  Maximum Occupancy Time : 5ms, LAA without licensed carrier

no 256 QAM, 2Tx2Rx, TM4,CCA threshold: -62dBm for CCA-ED of LAA,CCA check time slots = 24us,FTP model 3

	Cat 3

	UPT CDF

[Mbps]
	5%
	10.22
	4.63
	4.96
	4.03
	3.74
	3.33

	
	
	50%
	15.89
	17.23
	8.02
	6.97
	5.27
	6.85

	
	
	95%
	38.78
	64.49
	42.43
	31.05
	31.84
	15.29

	
	
	Mean
	20.22
	24.92
	12.66
	12.53
	9.30
	7.97

	
	Delay CDF

[s]
	5%
	0.07
	0.07
	0.08
	0.08
	0.09
	0.11

	
	
	50%
	0.22
	0.19
	0.60
	0.30
	1.84
	0.82

	
	
	95%
	0.81
	1.32
	4.22
	6.55
	8.00
	8.00

	
	
	Mean
	0.30
	0.38
	0.86
	1.44
	2.73
	3.05

	
	𝜌
	0.98
	0.99
	0.90
	0.81
	0.64
	0.71

	
	BO
	0.26
	0.27
	0.40
	0.43
	0.52
	0.59

	
	𝜆
	0.8
	1.3
	2.4

	Additional comments: LBE,  q=16, Maximum Occupancy Time :6ms, LAA without licensed carrier

no 256 QAM, 2Tx2Rx, TM4,CCA threshold: -62dBm for CCA-ED of LAA,CCA check time slots = 24us,FTP model 3


 It can be observed that:
1) Two LAA networks can coexist in terms of the two LAA networks having similar performance when the two networks are not synchronized.

2) FBE outperforms LBE with low or medium traffic load, since FBE could easily increase the reuse factor.
3) LBE outperforms FBE with high traffic load. This is due to the more frequent collision in high load case, the backoff scheme could alleviate the problem.
3 Conclusions
In this contribution, we provide our outdoor co-existence evaluation results for DL only LAA+LAA scenario. Based on our evaluation results, we have the following observation:

1) Two LAA networks can coexist in terms of the two LAA networks having similar performance when the two networks are not synchronized.

2) FBE outperforms LBE with low or medium traffic load, since FBE could easily increase the reuse factor.
3) LBE outperforms FBE with high traffic load. This is due to the more frequent collision in high load case, the backoff scheme could alleviate the problem.
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Appendix A: Simulation assumptions

	
	Unlicensed small cell

	deployment
	21 sector，1cluster(2 operators)/sector，4SC(10 UEs)/operator/cluster

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	UE noise figure
	9dB

	UE speed
	3km/h

	Carrier frequency 
	5.0GHz

	Bandwidth
	20MHz, single carrier

	Total BS TX power 
	18dBm

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi [referring to Table B.1.2.1-4 in TR36.814]

UE-to-UE: 3GPP TR 36.843 (D2D) 

(3D distance between an eNB and a UE is applied.)

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 27dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional

	Antenna Configuration
	2Tx2Rx in DL, Cross-polarized

	Antenna Height: 
	10m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU Umi

	Transmission schemes
	TM 4, QPSK/16QAM/64QAM

	scheduling
	Proportional fair

	CCA-ED
	-62dBm

	Traffic model
	FTP Model 3, 0.5MByte per file

	HARQ
	No retransmission
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