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1. Introduction 
Licensed-Assisted Access using LTE, referred to as LAA in the rest of this contribution, is considered as a potential solution to provide an efficient use of unlicensed spectrum as a complement to licensed deployments. At RAN #65, a new Rel-13 SI [1] was approved to study the feasibility and evaluate LTE enhancements to support a single global solution framework of licensed-assisted access to unlicensed spectrum. One of the agreed objectives of the study item is [1]: 
· Define an evaluation methodology and possible scenarios for LTE deployments, focusing on LTE Carrier Aggregation configurations and architecture where one or more low power Scell(s) (i.e., based on regulatory power limits) operates in unlicensed spectrum and is either DL-only or contains UL and DL, and where the PCell operates in licensed spectrum and can be either LTE FDD or LTE TDD.
In this contribution, we discuss deployment scenarios and evaluation methodology for LAA using LTE.

2. Deployment Scenarios
Based on the objectives of the SI in [1] and the discussion in [2] on design targets for LAA, we propose to evaluate the various deployment scenarios that capture the following aspects:
· Carrier aggregation (Figure 1): 
· Co-located CA: LTE (Pcell) and LAA (Scell) small cells.

· Non-co-located CA: LTE macrocell (Pcell) and LAA small cells (Scell).

· LAA can be either DL-only or UL and DL. The DL-only case should be studied with higher priority. 

· Multiple operators with overlapping coverage areas.
· Indoor/outdoor LAA eNBs/UEs
· Indoor/outdoor Wi-Fi APs/STAs

· Number of total available unlicensed channels: n (TBD) 20MHz channels

· Number of unlicensed channels used by each eNB/AP: k (TBD) 20MHz channels

· Channel selection rule: Random selection can be used as baseline
· Wi-Fi services

· Mixed traffic: X % VoIP users, Y % video users, and Z % data users. X, Y, and Z are TBD.

· Details on traffic models for each service are discussed in [2].

Two example LAA deployment scenarios with multiple operators and Wi-Fi deployments are illustrated in Figures 2 and 3. Figure 2 shows the scenario of LAA outdoor deployments by multiple operators, along with a mix of indoor and outdoor Wi-Fi deployments. Figure 3 illustrates the scenario of LAA indoor deployments by multiple operators, along with indoor/outdoor Wi-Fi deployments.
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Figure 1. Possible LAA deployments.
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Figure 2. Outdoor deployment of LAA small cells by multiple operators, along with a mix of indoor andoutdoor Wi-Fi deployments
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Figure 3. Indoor deployment of LAA small cells by multiple operators, along with indoor Wi-Fi deployment

3. Evaluation Methodology

3.1. Evaluation Methodology and Simulation Parameters for LAA

We can reuse the parameters from various small cell scenarios in [3] with some modifications if needed, e.g., carrier frequency. Detailed parameter values for outdoor deployments of LAA small cells are given in Appendix. 
3.2. Evaluation Methodology and Simulation Parameters for Wi-Fi

There are several versions of Wi-Fi specifications, each with many optional features, and therefore the Wi-Fi performance is highly dependent on the version and optional features assumed. For evaluation purposes and comparison of results from different sources, it would be desirable to define reference parameters of the Wi-Fi system to be simulated. In addition to the performance results with the reference parameters, proponents can submit the performance evaluation results with other choices of parameters. A set of reference parameters for evaluation of the Wi-Fi performance are presented in Table 1.  
Table 1. Reference parameters for the Wi-Fi performance evaluation
	Version
	802.11n / 802.11ac 

	TXOP
	Supported. Y (TBD) ms. Can be different for different services. 

	A-MPDU
	Max 64KB for 802.11n and 1MB for 802.11ac

	Block ACK
	Supported

	RTS/CTS
	Supported

	AP Tx power
	[20, 23] dBm

	STA Tx power
	[15, 17] dBm

	Antenna configuration
	Option 1: 1x1 for both DL and UL

Option 2: 2x2 for DL and 1x2 for UL

Option 3: 2x2 for both DL and UL

	DL Tx scheme (when # Tx antennas > 1) 
	Option 1: Closed-loop SU-MIMO (2x2) with explicit modeling of feedback mechanism and overhead.
Option 2: Open-loop SU-MIMO (2x2)
Option 3: STBC


4. Conclusions
In this contribution, we presented our views on deployment scenarios and evaluation methodology for LAA using LTE. Based on the presented discussion, we summarize our views through the following proposal:
Proposal: Evaluate the deployment scenarios described in Section 2 with the evaluation methodology given in Section 3. 
References

[1] RP-141664, “Study on Licensed-Assisted Access using LTE”, 3GPP TSG RAN#65, September, 2014.
[2] R1-143775, “Design Targets for LAA using LTE”, Intel Corporation, 3GPP TSG RAN1 #78bis, October, 2014. 

[3] 3GPP TR 36.872,”Small cell enhancements for E-UTRA and E-UTRAN”
APPENDIX
Table 1. Outdoor Deployment Simulation Parameters for LAA Small Cells
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	20 MHz

	Carrier frequency 
	5.0 GHz

	Carrier number
	Up to n

	Total BS TX power (Ptotal per carrier)
	30 dBm max, Optional: 20 dBm

	Distance-dependent path loss
	ITU Umi with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 23dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMi. 3D distance is used for shadowing correlation distance

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

	Antenna Height: 
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	 ITU Umi

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	TBD

	Number of small cells per cluster
	TBD

	Number of small cells per Macro cell
	TBD

	Number of UEs 
	X (TBD) UEs 

	UE dropping
	Depends on indoor/outdoor scenario

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	Traffic model
	LAA-LTE: FTP model
Wi-Fi: Mixed traffic: X % VoIP users, Y % video users, and Z % data users. X, Y, and Z are TBD.

Details on traffic models for each service are discussed in [2]

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Cell selection criteria
	Baseline: RSRP for intra-frequency and RSRQ for inter-frequency, with cell common bias if CRE is applied.

	Network synchronization
	Synchronized

	Backhaul assumptions
	Ideal

	Performance metrics for LAA-LTE
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 
Note: performances should be evaluated for users in all area and for users served by small cells.

	Performance metrics for Wi-Fi
	Depends on the traffic model. See [2] for more details.
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