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1 Introduction
In RAN#65, the feasibility study on Licensed-Assisted Access (LAA) using LTE has been approved for Rel-13 [1]. Part of the objectives of the LAA study item related to RAN1 aspects are as follows:

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. 
2) Document the relevant requirements and design targets for unlicensed spectrum deployment, in particular: 
· Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA + Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band.

One of the initial tasks for RAN1 study is to identify the relevant deployment scenarios and define the corresponding evaluation methodology for LTE on unlicensed spectrum, which is the focus of this contribution. Performance metrics are also included.
2 Deployment Scenarios
The deployment scenarios have been identified in [2] for small cell studies in Rel-12, and a few detailed scenarios (small cell scenarios 1/2a/2b/3) have been defined in [3] to facilitate the small cell performance evaluation. These should be considered as the baseline to define the scenarios for LAA, with the additional unlicensed layer being added to the small cells via carrier aggregation with the licensed carrier.
We should focus on operator-deployed LAA operation. Both sparse and dense deployment is possible. Both indoor and outdoor LAA operation should be considered.
Among the small cell scenarios in [3], scenario 3 corresponds to the case without macro layer overlay. Given that the main interest for LAA evaluation is to understand how LAA eNBs coexist with other LAA eNBs or Wi-Fi, it should not be necessary to evaluate both cases with and without macro overlay. Therefore, we propose to focus on scenarios 1/2a/2b to reduce the amount of simulation work. These few scenarios can be considered as typical deployment scenarios for LAA. For clarity, we provide a brief description of the different scenarios, by reusing some material from [3].

Scenario LAA-1: Overlaid and co-channel deployment of macro and small cells on a licensed carrier, as shown in Figure 1. The small cells are deployed outdoors, and have additional LAA unlicensed carriers aggregated on them.
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Figure 1 Small cell deployment scenario 1
Scenario LAA-2a and LAA-2b: overlaid deployment of macro and small cells on different licensed carriers, as shown in Figure 2. There are additional LAA unlicensed carriers on the small cells. Scenario LAA-2a corresponds to outdoor small cell deployment and scenarios LAA-2b corresponds to indoor small cell deployment.
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Figure 2 Small cell deployment scenario 2a and 2b
Proposal 1: Use small cell scenarios 1/2a/2b with additional unlicensed carriers on the small cells for performance evaluation.

3 Evaluation Methodology and Simulation Assumptions
The most important objective for the performance evaluation of LAA is to evaluate how well one LAA system co-exists with other technologies such as Wi-Fi or another LAA system. Therefore, different from traditional simulations where only a single network is simulated, LAA would require at least two systems, e.g. LAA from one operator and Wi-Fi from another operator, or two LAA systems from two operators. The following coexistence scenarios between two operators should be considered:

· Wi-Fi & Wi-Fi: this can be considered as the baseline performance when LAA is not introduced.
· LAA & Wi-Fi
· LAA & LAA 
By comparing these different cases, we can understand how LAA performs compared to Wi-Fi and whether LAA impacts Wi-Fi more than an additional Wi-Fi network. 

The simulation assumptions for different small cell scenarios in Rel-12 TR36.872 [3] should be used as the baseline. The small cells (i.e. LAA small cells or Wi-Fi APs) are dropped in the clusters which can be indoor or outdoor in a manner similar to the simulation scenario 1/2a/2b in [3]. The detailed parameters are suggested as follows. Note that we focus on data services in this section.
3.1 Outdoor Scenarios LAA-1/2a
For the outdoor scenario, small cells are deployed in the presence of an overlaid macro network. 1 or 2 clusters are dropped in each macro cell and the small cells are dropped outdoors as shown in Fig.1.
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Fig. 1: Illustration of Outdoor Deployment Scenario

The simulation assumptions for the outdoor scenarios LAA-1/#2a are provided in Table 1. Note that only the new parameters or the parameters that have different settings from those in [3] are included.
Table 1: Simulation Parameters For Outdoor Scenario
	Parameter
	Baseline
	Optional

	Layout
	21 cell Macro layout. The macro sites for the operators are assumed to be the same.
	

	ISD
	500 m
	

	Carrier frequency for unlicensed carriers
	5 GHz
	

	Number of channels for LAA or operator WiFi
	4
	10

	System bandwidth 
	20MHz
	2x20 MHz.  Two adjacent 20 MHz carriers are assumed for LAA and one 40 MHz carrier for Wi-Fi.

	Number of clusters/buildings per macro cell geographical area
	1
	2

	Number of small cells per operator
	4
	

	Small cell dropping
	Cells of different operators dropped randomly with min. distance of 20m between small cells of the same operator, 10m between small cells from different operators
	

	Number of UEs 
	60 per macro cell per operator
	

	Minimum distance (2D distance)
	Small cell-small cell for inter-operator: 10m
	


3.2 Indoor Scenario LAA-2b
The envisioned indoor scenario covers small cell deployments in shopping malls, enterprises, airports, etc. The building is assumed to have one single floor and  the height of the floor is 6m. As shown in Fig. 2, each building contains 16 shops/offices of 15m x 15m and a long hall of 120m x 20m. 
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Fig. 2: Illustration of Indoor Deployment Scenario 
The simulation parameters for the indoor scenario LAA-2b that are different from those in [3] are provided in Table 2.
Table 2: Simulation Parameters For Indoor Scenario
	Parameter
	Baseline
	Optional

	Layout
	21 cell Macro layout. The macro sites for the operators are assumed to be the same.
	

	ISD
	500 m
	

	Carrier frequency for unlicensed carriers
	5 GHz
	

	Number of channels for LAA or operator Wi-Fi
	4
	10

	System bandwidth
	20 MHz
	2x20 MHz. two adjacent 20 MHz carriers are assumed for LAA and one 40 MHz carrier for Wi-Fi.

	Number of clusters/buildings per macro cell geographical area
	1 (Single floor Building)
	2

	Number of small cells per cluster per operator
	4
	

	Small cell dropping
	Operator 1: regularly dropped in the middle of the hall

Operator 2: randomly dropped in the middle of the hall, min. separation distance 3m between Op1 and Op2 small cells 
	

	Number of UEs 
	60 UEs per macro cell per operator
	

	Minimum distance (2D distance)
	Small cell-small cell for inter-operator: 3m
	


3.3 Common parameters for LAA/Wi-Fi

The common simulation parameters for LAA Small Cell and Wi-Fi are described in Table 3.

Table 3: Common Simulation Parameters for LAA/Wi-Fi

	Parameter
	Baseline
	Optional

	Tx power on unlicensed
	24dBm for indoor

24 and 30dBm for outdoor
	

	UE noise figure
	9 dB
	

	Distance-dependent pathloss/Shadowing/Fading
	Indoor: ITU InH

( Pico-to-Pico, Pico-to-UE: ITU InH
UE-to-UE: 3GPP TR 36.843 (D2D) )
Outdoor: ITU UMi
( Pico-to-Pico, Pico-to-UE: ITU UMi
UE-to-UE: 3GPP TR 36.843 (D2D) )
	

	Penetration
	Same as ITU with additional 4 dB for 5 GHz
	

	Antenna pattern
	2D Omni-directional is baseline
	

	Antenna gain + connector loss
	5 dBi
	

	Antenna gain of UE
	0 dBi
	

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized
	

	Number of users
	60 per macro cell per operator
	

	User association
	User will always be associated to a licensed layer (either Macro or small cell), i.e., a user is associated to a SC over unlicensed band if it is also associated over licensed to the same small cell over licensed band. If user is associated with small cell licensed layer, it can receive WiFi or LAA if within its coverage. Some users served on licensed small cell can be out of coverage of LAA or WiFi.
	

	Traffic model
	3GPP Traffic Model 2
File size 0.5 MB
Loading: 30/50/70% on unlicensed, or fixed 1/2/5/10ms reading time
The same traffic model is applicable for all the users connected to macro, small cells or APs.
	

	UL traffic
	Wi-Fi ACK only
	

	UE receiver
	MMSE-IRC as baseline
	

	Network synchronization between different operators (LAA or WiFi)
	Asynchronous between different operators
	

	DL transmission
	LAA UEs have access to both licensed and unlicensed carriers for DL transmission.

For a Wi-Fi operator, the UE has access to either licensed or unlicensed (Wi-Fi) carrier (not simultaneously). 
	


3.4 LAA Simulation Parameters

The simulation parameters for LAA are described in Table 4.

Table 4: LAA Simulation Parameters

	Parameter
	Baseline
	Optional

	Range expansion
(scenario LAA-1 only)
	9 dB for licensed carrier FeICIC
	

	Channel selection
	Random selection as baseline
	

	MCS
	QPSK/16QAM/64QAM
	

	Rate control
	Proprietary
	

	Interference modeling for CRS transmission
	2-port CRS transmitted for ON LAA carriers
	


3.5 Operator Wi-Fi

Most of the simulation parameters for Wi-Fi use the mandatory features of 802.11ac [4] as descried in Table 5.
Table 5: Operator Wi-Fi Simulation Parameters

	Parameter
	Baseline
	Optional

	MAC
	Coordination
	DCF
	

	
	SIFS, DIFS
	SIFS, DIFS
	

	
	Detection
	Energy detection & preamble detection
	

	
	RTS/CTS
	N/A
	

	
	Contention window
	Min : 15 slot,  Max : 1023 slot
	

	Frame aggregation
	A-MPDU
	

	MIMO
	2x2 , SU-MIMO
	

	CCA-ED
	-62dBm
	

	CCA-CS
	-82dBm [CSMA triggers at -82 dBm but the Wi-Fi device still needs to be able to decode the preamble. Therefore, CSMA should not be solely based on the pathloss]
	

	MCS
	0~9 in MCS table
	

	MPDU
	Fixed (1500B or 6000B) MPDU size (variable transmission duration)

Or

Fixed 1ms MPDU transmission duration
	

	TXOP
	3 ms 

Asynchronous to LTE packets
	

	Channel coding
	LDPC
	BCC

	ACK Modeled
	Yes 
	Not

	Duplexing
	Yes
	

	Rate control
	Minstrel algorithm
	

	Channel selection
	Random selection as the baseline
	


4 Performance Metrics
In order to capture the system performance and fairness for coexistence with other unlicensed spectrum deployments, the following performance metrics are considered for non-full buffer traffic models.

4.1 User perceived throughput
User perceived throughput (during active time), defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst.  
· User perceived throughput CDF 
· 5%, 50%, 90% user perceived throughput, and overall average user throughput defined as average over all users perceived throughput
The following can be reported for user perceived throughput:

· Distribution of Wi-Fi user  throughput on unlicensed layer

· Distribution of LAA user throughput on licensed and unlicensed layer

4.2 Served Cell throughput
Served cell throughput, defined as total amount of data for all users / total amount of observation time / number of cells.

4.3 Resource Utilization on Unlicensed Layer

The Resource Utilization describes how often a node is using the resource to serve at least one of its users.
The mean and the CDF can be reported. 

5 Conclusions
In this contribution, we have presented our views on the deployment scenarios and provided our recommendation on the simulation methodology and parameter settings in order to evaluate system level performance of the identified indoor/outdoor scenarios. The simulation assumptions can be largely based on those in [3] with enhancements to accommodate the unlicensed carrier and the coexistence cases. In addition, the Wi-Fi evaluation methodology is included to allow the evaluation of the impact of LAA on Wi-Fi. 
Proposal 1: Use small cell scenarios 1/2a/2b with additional unlicensed carriers on small cells for performance evaluation.

Proposal 2: Adopt the proposed evaluation methodology and simulation assumptions for the coexistence evaluation between different LAA operators and between LAA and Wi-Fi. 
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