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1. Introduction

In RAN1 #80, remaining details of evaluation methodologies for LAA are discussed. Detail simulation assumptions for LAA-LTE and Wi-Fi system have been fixed [1]. In this contribution, we provide some co-existence evaluation results for indoor scenario without UL.

2. Evaluation assumptions

In this contribution, only indoor scenario is simulated. DL only transmission in both LAA and Wi-Fi is assumed with a single carrier frequency of 20MHz on the 5GHz unlicensed band. FTP model 3 with different arrival rate is used to simulate different traffic load level. HARQ for LAA is assumed in licensed band and HARQ for Wi-Fi is modelled in unlicensed band. We choose LBT category 3 and the latest LBT category is given as follow [2]:
· 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

More simulation assumptions are listed in Appendix A, according to the definition in [3].
3. Simulation results

We present the simulation results in table 3-1 and table 3-2. Based on the simulation results, we have the following observations:
Observation 1:  With LBT category 3, LAA could achieve good co-existence with Wi-Fi.
Observation 2: With LBT category 3, LAA could also achieve good co-existence with LAA.
Table 3-1: Wi-Fi and LAA; Indoor Deployment; X=4, Y=1, LBT category 3
	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

	
	3
	UPT CDF

[Mbps]
	5%
	22.58
	18.73
	10.50
	7.89
	12.66
	8.58
	5.33
	6.29
	6.483

	
	
	
	50%
	34.03
	49.06
	54.79
	21.00
	27.04
	34.63
	11.25
	14.10
	21.80

	
	
	
	95%
	43.08
	53.73
	61.54
	51.87
	51.95
	60.61
	36.15
	40.74
	60.61

	
	
	
	Mean
	39.51
	41.39
	47.98
	23.23
	28.12
	35.79
	14.90
	17.48
	27.83

	
	
	Delay CDF

[s]
	5%
	0.075
	0.074
	0.066
	0.088
	0.076
	0.066
	0.110
	0.110
	0.070

	
	
	
	50%
	0.102
	0.079
	0.068
	0.194
	0.144
	0.101
	0.363
	0.237
	0.183

	
	
	
	95%
	0.174
	0.189
	0.553
	0.516
	0.308
	0.823
	0.862
	0.544
	0.841

	
	
	
	Mean
	0.108
	0.102
	0.109
	0.234
	0.161
	0.162
	0.386
	0.269
	0.251

	
	
	𝜌
	1
	1
	0.96
	0.95
	1
	0.96
	0.93
	0.89
	0.94

	
	
	BO
	10.40%
	7.53%
	8.96%
	34.17%
	24.69%
	26.48%
	68.02%
	50.18%
	30.04%

	
	
	𝜆
	0.40
	0.70
	1.00

	
	Additional comments


	FTP model 3, maximum transmission duration is 4ms for both LAA and WIFI.
Round robin / auto-rate fallback algorithm applied for Wi-Fi


Table 3-2: LAA and LAA; Indoor Deployment; X=4, Y=1, LBT category 3
	Tdoc /

Company
	LAA LBT cat.
	Reported parameters
	Low load

BO range: 10%~25%
	Low load

BO range: 35%~50%
	Medium load

BO range:

above 55%

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

	
	Cat.3
	UPT CDF

[Mbps]
	5%
	34.13
	19.78
	12.52
	17.73
	11.29
	9.601

	
	
	
	50%
	33.62
	35.38
	18.28
	25.72
	14.73
	19.10

	
	
	
	95%
	59.64
	47.93
	34.50
	40.45
	39.39
	29.94

	
	
	
	Mean
	34.16
	34.92
	20.85
	26.37
	19.84
	20.74

	
	
	Delay CDF

[s]
	5%
	0.066
	0.066
	0.062
	0.067
	0.094
	0.090

	
	
	
	50%
	0.121
	0.098
	0.222
	0.140
	0.218
	0.217

	
	
	
	95%
	0.771
	0.473
	0.989
	0.583
	1.049
	0.456

	
	
	
	Mean
	0.223
	0.152
	0.303
	0.214
	0.253
	0.291

	
	
	𝜌
	0.99
	0.98
	0.98
	0.98
	0.99
	0.92

	
	
	BO
	15.65%
	14.62%
	40.93%
	36.00%
	56.10%
	56.65%

	
	
	𝜆
	0.60
	0.60
	1.00
	1.00
	1.40
	1.40

	
	Additional comments
	FTP model 3, maximum transmission duration is 4ms for both LAA and WIFI.


4. Conclusion

In this contribution, we provide some LBT category 3 co-existence evaluation results for indoor scenario without UL. The following observations are achieved
Observation 1:  With LBT category 3, LAA could achieve good co-existence with Wi-Fi.

Observation 2: With LBT category 3, LAA could also achieve good co-existence with LAA.
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APPENDIX A
Table A-1 Indoor scenario for LAA coexistence evaluations
	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	1 (to be shared between two operators) 

	Total BS TX power
	24dBm (Ptotal per carrier)
	18 dBm across aggregated carriers

Optional: 24 dBm

	Total UE TX power 
	Total UE TX power: 23dBm across aggregated cells

Max total UE TX power per cell in licensed spectrum: 23dBm

Max total UE TX power across aggregated cells in unlicensed spectrum: 18 dBm 

	Distance-dependent path loss
	Small cell-to-Small cell, Small cell-to-UE: ITU InH [referring to Table B.1.2.1-1 in TR36.814]

Indoor UE-to-indoor UE: 3GPP TR 36.843 (D2D). 

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for LOS probability and break point distance)

	Penetration
	0dB

	Shadowing
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance

	Antenna pattern
	2D Omni-directional is baseline; directional antenna is not precluded

	Antenna Height: 
	6m 

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU InH

	Number of clusters/buildings per macro cell geographical area
	N/A

	Number of small cells per cluster
	N/A

	Number of small cells per Macro cell
	N/A

	Number of UEs 
	10 UEs per unlicensed band carrier per operator for DL-only LAA coexistence evaluations

	UE dropping per network
	10 UEs are randomly dropped and are within coverage of the small cell in the unlicensed band.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	3m

	Traffic model
	FTP Model 3
FTP model file size: 0.5 Mbytes.

Overall offered load is the same for both the coexisting networks

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	For LAA UEs, cell selection is based on RSRP in the unlicensed band. 

For WiFi STAs, cell selection is based on RSS (Received signal power strength) of WiFi APs. RSS threshold is -82 dBm.

	UE Bandwidth
	UE bandwidth for LAA: 10 MHz licensed + 20 MHz unlicensed 

	Network synchronization
	For the same operator, the network is synchronized .

Small cells of different operators are not synchronized.

	Performance metrics
	Performance metric

· User perceived throughput (UPT)

· UPT CDF

· File throughput is calculated per file

· Unfinished files should be incorporated in the UPT calculation. 

· The number of served bits (possibly zero) of an unfinished file by the end of the simulation is divided by the served time (simulation end time – file arrival time).

· User throughput is the average of all its file throughputs

· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet)

· Latency CDF

· Average buffer occupancy (BO)


Table A-2 Additional Wi-Fi system evaluation assumptions

	Parameter
	Value

	MCS
	MCS table without 256 QAM 

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized 

Closed loop MIMO transmission with rank adaptation.

	Frame aggregation

MPDU size

Max PPDU duration
	Frame aggregation is adopted for Wi-Fi simulation, with 1ms fixed PPDU duration and variable A-MPDU sizes.

TXOP is adopted in simulation in which the Wi-Fi AP can transmit data continuously without channel competition.

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection & preamble detection

	
	RTS/CTS
	No RTS/CTS

	
	Contention window
	Per DCF

	CCA-CS
	-82dBm and preamble decoding

	CCA-ED 
	-62dBm

	ACK Modeled (successful reception, resources utilized)
	Yes

	DL/UL Duplexing
	DL traffic only for DL-only LAA coexistence evaluation

	Rate control
	Degrades the MCS for retransmission


Table A-3 Additional LAA system evaluation assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized. 
Closed loop MIMO transmission with rank adaptation.

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

	Turbo code block interleaving depth
	Per LTE specs (1-14 LTE OFDM symbols dependent on MCS and PRB allocation)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	CCA-ED
	Energy detection threshold -62dBm

	Cyclic Prefix
	Normal


