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1 Introduction

In RAN #65 meeting, a RAN1 SI on Licensed-Assisted Access using LTE (LAA-LTE) was approved [1].
This contribution discusses the deployment scenarios and evaluation methodology for LAA-LTE, which is focused on non-standalone CA mode in unlicensed spectrum.
2 Deployment scenarios 
As discussed in [2], 8 LAA-LTE deployment scenarios (plus 4 reference scenarios) are considered, where A2, B1, B2, D1, D2 are considered as high priority.
Table. 1 Summary of deployment scenarios for LAA-LTE
	Deployment scenarios for LAA-LTE 

	Scenario
	operator number 
	site-planning     
	operator A 
	operator B 
	indoor
/outdoor
	scenario priority 
	reference scenario

	A1
	multiple operator 
	inter-operators: without site-planning
intra-operator: exist site-planning
	only LAA-LTE
	only WiFi
	outdoor
	Low
	R1

	A2
	
	
	
	
	indoor
	High
	R2

	B1
	
	
	only LAA-LTE
	only LAA-LTE
	outdoor
	High
	R1

	B2
	
	
	
	
	indoor
	High
	R2

	C1
	single operator 
	intra-operator: exist site-planning
	both LAA-LTE and WiFi
	N/A
	outdoor
	Low
	R3

	C2
	
	
	
	
	indoor
	Low
	R4

	D1
	
	
	only LAA-LTE
	N/A
	outdoor
	High
	R3

	D2
	
	
	
	
	indoor
	High
	R4

	
	
	
	
	
	
	
	

	Reference scenario

	Scenario
	operator number 
	site-planning     
	operator A 
	operator B 
	indoor/outdoor

	R1
	multiple operator 
	inter-operators: without site-planning
intra-operator: with site-planning
	only WiFi
	only WiFi
	outdoor

	R2
	
	
	
	
	indoor

	R3
	single operator 
	intra-operator: exist site-planning
	only WiFi
	N/A
	outdoor

	R4
	
	
	
	
	indoor

	
	
	
	
	
	
	
	

	Note: 
1) Site-planning: minimum site distance (e.g., 20m, TBD) among each sites is assumed 
2) Without site-planning: in principle no minimum guard distance is assumed, however in order to avoid the difficulty of modeling near-field effect, minimum 10m (TBD) distance among each site from different operators is assumed.


The detailed simulation assumptions of the LAA-LTE scenarios A2, B1, B2, D1, D2 and the reference scenario R1, R2, R3, R4 are summarized in Appendix 1.
Proposal 1: Five LAA-LTE deployment scenarios A2, B1, B2, D1, D2 with their corresponding reference scenarios (R1, R2, R3, R4) as proposed as in Table 1.
3 Performance metrics for evaluation 
Average Cell Throughput (AT)
Two performance metrics, i.e, Average Cell Throughput (AT), Normalized Resource Utilization Throughput (RUT), and User Perceived Throughput (UPT), are proposed for evaluation.
The metric of AT (Average Cell Throughput) is defined as 
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denotes the total observation time. Mean, 5%/50%/95% AT at the given RU value (for example, 50% RU) should be evaluated.
Normalized Resource Utilization Throughput (RUT)

The metric of RUT (Normalized Resource Utilization Throughput ) is defined as
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where 
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 denotes the number of APs in signal operator, and total active time of APi is demonstrated as in Figure 2. Mean, 5%/50%/95% RUT should be evaluated.
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Figure. 2 Demonstration of total observation time (T) and total active time 
User Perceived Throughput (UPT)

The metric of UPT is defined as
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where 
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 denotes the time of reception of the last packet of a burst, and 
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t1

 denotes the time of arrival  of the first packet of the burst. Mean, 5%/50%/95% UPT at the given RU value (for example, 50% RU) should be evaluated.

Proposal 2: Three performance metrics, i.e, Average Throughput (AT), Normalized Resource Utilization Throughput (RUT), and User Perceived Throughput (UPT), are proposed for evaluation.
3.1 Evaluation methodology 
Most parameters and values in 3GPP TR36.872 for small cell evaluation are applied for LAA-LTE and Wi-Fi, and the detail parameters are listed in Appendix 2.
Proposal 3: The evaluation parameters listed in Appendix 2 can be considered as a starting point for LAA-LTE evaluation.
4 Conclusions
This contribution discusses on the deployment scenarios and evaluation methodology for LAA-LTE. According to the analysis, some observations and proposals can be obtained.
Proposal 1: Five LAA-LTE deployment scenarios A2, B1, B2, D1, D2 as well as four references R1, R2, R3, R4 as shown in Table 1 are proposed as a starting point for evaluation.
Proposal 2: Three performance metrics, i.e, Average Cell Throughput (AT), Normalized Resource Utilization Throughput (RUT), and User Perceived Throughput (UPT), are proposed for evaluation.
Proposal 3: The evaluation parameters listed in Appendix 2 can be considered as a starting point for LAA-LTE evaluation.
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Appendix1 

The details of the LAA-LTE scenarios A2, B1, B2, D1, D2 and the reference scenario R1, R2, R3, R4 are summarized in the following excel file.
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Appendix2 
Table. 2 Parameters for LAA-LTE and WiFi
	Parameters
	Macro cell 
	Small cell
	WiFi

	
	
	PCC in licensed band 
	SCC in unlicensed band
	

	Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site
	See Section 2

	Carrier bandwidth
	20MHz
	20MHz
	20MHz

	Carrier frequency 
	2.0GHz
	2.0GHz
	5.0GHz

	Carrier number
	1
	1
	1, 2

	Num. of cluster per Macro area 
	Outdoor: 1,2 cluster per macro area
Indoor: 1 building per macro area

	Num. of eNB/AP  per operator per cluster 
	Outdoor: 4,10 eNB/AP per cluster
Indoor: 4  eNB/AP per floor

	Radius for eNB/AP dropping in a cluster (R1)
	Outdoor: 50m
Indoor: N/A

	Radius for UE/STA dropping in a cluster (R2)
	Outdoor: 70m
Indoor: N/A

	eNB/AP TX power (Ptotal)
	46dBm
	Outdoor : 27dBm, optional 21dBm, 34dBm for both PCC and SCC 
Indoor : 21 dBm for both PCC and SCC 
	20dBm

	eNB/AP Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional, 2Tx2Rx in DL, Cross-polarized

	Cell antenna Height: 
	25m
	10m for outdoor, 6m for indoor

	eNB/AP Antenna gain + connector loss
	17 dBi 
	5 dBi
	3 dBi

	eNB/AP antenna configuration
	2D Omni-directiona, 1Tx2Rx in UL,  Cross-polarized

	LAA-LTE transmission mode
	SDL (Supplement Downlink) mode as a starting point 

	UE/STA antenna Height
	1.5m

	STA TX power
	17 dBm

	UE/STA antenna gain
	0 dBi

	WiFi transmission mode 
	DL&UL co-existence mode as a starting mode, with DL and UL traffic ratios are TBD.

	eNB/AP dropping
	See Section 2

	UE/STA dropping
	Baseline: 1/3 UE/STA per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UE/STA randomly and uniformly dropped within the clusters.  

	Channel mode 
	TBD

	Minimum distance
	Macro –  cluster center: 75m

	
	Macro – UE : 35m

	
	LAA-LTE eNB/WiFi AP - LAA-LTE eNB/WiFi AP for intra operator: 20m

	
	LAA-LTE eNB/WiFi AP - LAA-LTE eNB/WiFi AP for inter operator: 10m (TBD)

	
	WiFi AP - WiFi STA: 5m

	
	LAA-LTE eNB - UE: 5m

	Traffic model (both for LTE and WiFi)
	Non-full buffer FTP model 1, with 0.5Mkbytes file size,the offered traffic is generated  per macro cell geographical area

	UE/STA receiver
	MMSE-IRC as baseline

	UE/STA noise figure
	9dB

	UE/STA speed
	0km/h

	Cell selection criteria
	UE/STA select the serving cell based on RSRP within single operator 

	Network synchronization
	LAA-LTE: synchronized
WiFi: asynchronous
Between LAA-LTE and WiFi: asynchronous 

	Performance metrics
	Mean, 5%/50%/95% AT (average throughput) and UPT (User Perceived Throughput) at the given RU value (for example, 50% RU)
Mean, 5%/50%/95% RUT (Normalized Resource Utilization Throughput)

	WiFi MAC
(802.11n @5GHz)
	Coordination
	DCF

	
	DIFS
	34us

	
	SIFS
	16us

	
	Slot Time
	9us

	
	Detection
	Signal detection for WiFi (-82dBm), energy detection for others (-62dBm)

	
	RTS/CTS
	N/A

	
	Contention window
	Min : 15 slot, max : 1024 slot

	WiFi PHY
(802.11n @5GHz)
	Frame aggregation
	N/A

	
	OFDM symbol length (with long GP)
	4us

	
	TXOP limit
	8ms

	
	MCS
	0~7 in MCS table (not support 256QAM)

	
	Channel coding
	BCC (Block Convolutional Code)
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definition of scenarios

		

						Deployment scenarios for LAA-LTE

						Scenario		operator number		indoor
/outdoor		site-planning		operator A		operator B		scenario priority		reference scenario

						A1		multiple operator		outdoor		inter-operators: without site-planning
intra-operator: exist site-planning		only LAA-LTE		only WiFi		L		R1

						A2				indoor								H		R2

						B1				ourdoor				only LAA-LTE		only LAA-LTE		H		R1

						B2				indoor								H		R2

						C1		single operator		outdoor		intra-operator: exist site-planning		both LAA-LTE and WiFi		N/A		L		R3

						C2				indoor								L		R4

						D1				outdoor				only LAA-LTE		N/A		H		R3

						D2				indoor								H		R4

						Reference scenario

						Scenario		operator number		indoor
/outdoor		site-planning		operator A		operator B		scenario priority		reference scenario

						R1		multiple operator		outdoor		inter-operators: without site-planning
intra-operator: with site-planning		only WiFi		only WiFi		H		N/A

						R2				indoor								H

						R3		single operator		outdoor		intra-operator: exist site-planning		only WiFi		N/A		H

						R4				indoor								H

						note: 
1)exist site-planning：minimum guard distance among each sites is pre-defined 
2)without site-planning：no minimum guard distance is considered





detail of scenarios

		

						Scenario: B1								Scenario: D1								Scenario: A2								Scenario: B2								Scenario: D2

						Multiple operator, outdoor,
with intra-operator site-planning,
without inter-operator site-planning								Single operator, outdoor, with intra-operator site-planning								Multiple operator, indoor,
with intra-operator site-planning,
without inter-operator site-planning								Multiple operator, indoor,
with intra-operator site-planning,
without inter-operator site-planning								Single operator, outdoor, with intra-operator site-planning

						Operatir A		Operator B						Operatir A		Operator B						Operatir A		Operator B						Operatir A		Operator B						Operatir A		Operator B

						only LAA-LTE		only LAA-LTE						only LAA-LTE		N/A						only LAA-LTE		only WiFi						only LAA-LTE		only LAA-LTE						only LAA-LTE		N/A

				eNB/AP dropping		Each eNB/AP are randomly dropped in a cluster, where intra-operator site-planning (i.e.,exist minimum guard distance among each sites in the same operator) is pre-defined, while inter-operator site-planning is not considered.						eNB/AP dropping		Each eNB/AP are randomly dropped in a cluster, where intra-operator site-planning (i.e.,exist minimum guard distance among each sites in the same operator) is pre-defined						eNB/AP dropping		Each eNB/AP are randomly dropped in a cell, where inter-operator site-planning is not considered.						eNB/AP dropping		Each eNB/AP are randomly dropped in a cell, where inter-operator site-planning is not considered.						eNB/AP dropping		N/A

				Minimum distance		eNB/AP - eNB/AP in the same operator (R3): 20m
eNB/AP - eNB/AP in different operators: 10m
eNB/AP - UE/STA: 5m						Minimum distance		eNB/AP - eNB/AP in the same operator (R3): 20m
eNB/AP - eNB/AP in different operators: N/A
eNB/AP - UE/STA: 5m						Minimum distance		eNB/AP - eNB/AP in the same operator: N/A 
eNB/AP - eNB/AP in different operators: 10m
eNB/AP - UE/STA: 5m
cell radius: 10m						Minimum distance		eNB/AP - eNB/AP in the same operator: N/A 
eNB/AP - eNB/AP in different operators: 10m
eNB/AP - UE/STA: 5m
cell radius: 10m						Minimum distance		eNB/AP - eNB/AP in the same operator: N/A 
eNB/AP - eNB/AP in different operators: N/A
eNB/AP - UE/STA: 5m
cell radius: N/A

				eNB/AP number per cluster		[4,10],[2,5]		[4,10],[2,5]				eNB/AP number per cluster		[4,10]		N/A				eNB/AP number per cluster		4 per floor		4 per floor				eNB/AP number per cluster		4 per floor		4 per floor				eNB/AP number per cluster		4 per floor		N/A

				UE/STA number per cluster		[30,60],[15,30]		[30,60],[15,30]				UE/STA number per cluster		[30,60]		N/A				UE/STA number per cluster		[30,60]		[30,60]				UE/STA number per cluster		[30,60]		[30,60]				UE/STA number per cluster		[30,60]		N/A

				Reference scenario: R1								Reference scenario: R3								Reference scenario: R2								Reference scenario: R2								Reference scenario: R4

						Reference scenario: R1								Reference scenario: R3								Reference scenario: R2																Reference scenario: R4

						Multiple operator, outdoor,
with intra-operator site-planning,
without inter-operator site-planning								Single operator, outdoor, with intra-operator site-planning								Multiple operator, indoor,
with intra-operator site-planning,
without inter-operator site-planning																单运营商，室内，运营商内有协调

						Operatir A		Operator B						Operatir A		Operator B						Operatir A		Operator B														Operatir A		Operator B

						only WiFi		only WiFi						only WiFi		N/A						only WiFi		only WiFi														only WiFi		N/A

				eNB/AP dropping		Each eNB/AP are randomly dropped in a cluster, where intra-operator site-planning (i.e.,exist minimum guard distance among each sites in the same operator) is pre-defined, while inter-operator site-planning is not considered.						eNB/AP dropping		Each eNB/AP are randomly dropped in a cluster, where intra-operator site-planning (i.e.,exist minimum guard distance among each sites in the same operator) is pre-defined						eNB/AP dropping		Each eNB/AP are randomly dropped in a cell, where inter-operator site-planning is not considered.														eNB/AP dropping		N/A

				Minimum distance		eNB/AP - eNB/AP in the same operator (R3): 20m
eNB/AP - eNB/AP in different operators: 10m
eNB/AP - UE/STA: 5m						Minimum distance		eNB/AP - eNB/AP in the same operator (R3): 20m
eNB/AP - eNB/AP in different operators: N/A 
eNB/AP - UE/STA: 5m						Minimum distance		eNB/AP - eNB/AP in the same operator: N/A 
eNB/AP - eNB/AP in different operators: 10m
eNB/AP - UE/STA: 5m
cell radius: 10m														Minimum distance		eNB/AP - eNB/AP in the same operator: N/A 
eNB/AP - eNB/AP in different operators: N/A
eNB/AP - UE/STA: 5m
cell radius: N/A

				eNB/AP number per cluster		[4,10],[2,5]		N/A				eNB/AP number per cluster		[4,10]		N/A				eNB/AP number per cluster		8 per floor		N/A												eNB/AP number per cluster		4 per floor		N/A

				UE/STA number per cluster		[30,60],[15,30]		N/A				UE/STA number per cluster		[30,60]		N/A				UE/STA number per cluster		[60,120]		N/A												UE/STA number per cluster		[30,60]		N/A
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