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1. Introduction
In RAN#65 meeting, an SI on Licensed-Assisted Access (LAA) using LTE was approved [1]. The objectives within RAN1’s scope are as follows:

· 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) (ie. 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.
· 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.
· Identify and evaluate physical layer options and enhancements to LTE to meet the requirements and targets for unlicensed spectrum deployments identified in the previous bullet, including consideration of the methods to address the co-existence aspects on unlicensed bands with other LTE operators and other typical use of the band.
In the last RAN1#78bis meeting, some working assumption and agreements were made on detailed coexistence evaluation assumptions in LAA [2]. There was an email discussion on RAN1 email reflector on detailed coexistence evaluation assumptions for LAA as well [3]. In this contribution, we present some preliminary evaluation results of LAA and WiFi coexistence based on those evaluation assumptions.  

2. Evaluated scenarios and assumptions 
Multiple typical LAA deployment scenarios are identified and agreed for evaluation in [2]. In this contribution, we evaluated an outdoor deployment where 4 small cells are used to cover a hotspot using unlicensed spectrum in a macro area. 

As identified in [2], LBT method could be used to ensure fairness to other unlicensed deployments. Thus, in this contribution, the following two cases are evaluated to investigate the impact of LAA deployment toward WiFi deployment:

1. two operators of WiFi deployment;

2. one operator of LAA deployment using LBT coexist with another operator of WiFi deployment.

For each WiFi AP in both case 1 and 2, CCA-CS threshold and CCA-ED threshold and used respectively for intra-operator and inter-operator channel sensing.  For LAA eNB in case 2, CCA-ED threshold is used as the LBT threshold. 

A basic LBT function is implemented and simulated for LAA eNB where a fixed 34 us channel sensing time is allocated at the beginning of each subframe. The LAA eNB has to sense the channel at the beginning of each subframe where it wants to transmit data. If the channel is sensed to be clear then the LAA eNB can transmit during that subframe. Otherwise, similar to WiFi system, the LAA eNB will backoff for a random time within the range of [0, 100] us before next channel sensing. Note that all possible CCA window(s) are limited within PDCCH region.  

For a fair comparison, WiFi AP and STA placement is using the same parameters and layout of LTE small cell and UE placement. In each case, different operators’ sites are chosen independently (i.e. without network planning) but they are maintained during the evaluation of the above two cases for a fair comparison. 
As the focus of coexistence study is on the relative performance impact to WiFi system caused by LAA deployment, for that reason, we made several simplifications in WiFi simulation to speed up the WiFi simulation. Fast fading is not modeled between WiFi AP and STA. SISO is chosen for WiFi. All other parameters and assumptions for WiFi are as defined by 802.11n.          

We followed most assumptions and parameters in [3]. Detailed simulation parameters are listed in table A.1, A2 and A3 of Appendix where parameters different from [3] are highlighted. The reasons for those differences are explained in our companion contribution [4].    
3. Evaluation results 
As performance metric, we use 5%, 50%, and 95%-tile of the user throughput where statistics is collected from all UEs or STAs in a system. In addition, the distributions of latency (defined as the time from the moment FTP file generates until the moment the same file completes transmission) are also provided. Table 1 shows the WiFi performance in both cases. As discussed in [4], Channel Occupancy Time Ratio defined as the time used by traffic during observation time divided by total observation time is given. For comparison, the LAA system (i.e., operator 1 in case 2) has a Channel Occupancy Time Ratio of 9.4%. Figure 1 and 2 illustrate the latency CDF of operator 2 (WiFi) in case 1 and case 2 respectively. 
Based on these results, we observe that LAA system (with suitable co-existence mechanisms such as LBT function) does not impact WiFi services more than an additional Wi-Fi network on the same carrier. In fact, some performance improvements were observed when LAA coexist with WiFi than two WiFi network coexistence case.
Table 1. WiFi performance in different cases
	
	Case 1
	Case 2
	

	Operator
	Operator 1 (WiFi)
	Operator 2 (WiFi)
	Operator 2 (WiFi)
	Relative Gain of Case 2 vs. Case 1 for Operator 2

	SCT (Mbps)
	2.5605
	2.7186
	4.6010
	69%

	5% UPT (Mbps)
	0.0575
	0.0509
	0.0596
	17%

	50% UPT (Mbps)
	0.0803
	0.0803
	0.0944
	17.6%

	95% UPT (Mbps)
	0.1327
	0.1340
	0.1600
	19%

	Mean UPT (Mbps)
	0.0873
	0.0886
	0.1048
	18%

	Channel Occupancy Time Ratio (%)
	6.7688
	7.3944
	10.9451
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Figure 1 Latency CDF of operator 2 (WiFi) in Case 1
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Figure 2 Latency CDF of operator 2 (WiFi) in Case 2
4. Conclusion
In this contribution, we presented some preliminary simulation results to show the coexistence performance of LAA and WiFi. Based on these results, we observe that 

· LAA system (with suitable coexistence mechanisms such as LBT function) does not impact WiFi services more than an additional Wi-Fi network on the same carrier.
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Appendix
Table A.1: System simulation parameters for LAA evaluation
	
	Macro cell
	Licensed small cell
	Unlicensed small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1, 500m ISD.
Macro eNBs of the two networks are collocated. 7 Macro sites
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Clusters uniformly random within macro geographical area; 4 small cells per operator, uniformly random dropping within cluster area.



	System bandwidth per carrier
	10MHz
	10 MHz
	20MHz

	Carrier frequency 
	2.0GHz 
	3.5 GHz
	5.0GHz

	Carrier number
	2 (one for each operator)
	2 (one for each operator)
	1 (to be shared between two operators)

	Total BS TX power 
	46dBm (Ptotal per carrier)
	30 dBm (Ptotal per carrier)
	30 dBm

	Total UE TX power 
	23dBm
	23 dBm
	23 dBm

	Distance-dependent path loss
	ITU UMa [referring to Table B.1.2.1-1 in TR36.814]

(3D distance between an eNB and a UE is applied. Working assumption is that 3D distance is also used for break point distance & LOS probability.)
	ITU UMi [referring to Table B.1.2.1-4 in TR36.814]

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

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	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)
	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 UMa according to Table A.1-1 of 36.819

Working assumption is that 3D distance is used for shadowing correlation distance
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

Working assumption is that 3D distance is used for shadowing correlation distance
	ITU UMi [referring to Table B.1.2.1-1 in TR36.814]

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

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10 m
	10m

	UE antenna Height
	1.5 m
	1.5m
	1.5 m

	Antenna gain + connector loss
	17 dBi 
	5 dBi
	5 dBi

	Antenna gain of UE
	0 dBi
	0 dBi
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	ITU Umi
	ITU Umi

	Number of clusters/buildings per macro cell geographical area
	1

	Number of UEs 
	15 UEs per macro cell geographical area per operator

	UE dropping for each network
	All UEs randomly and uniformly dropped within the clusters. 100% UEs are outdoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Traffic model
	FTP model 3, with 0.1 Mbytes file size, λ = 50.

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

	
	Small cell-UE, UE-UE: 3m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

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

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	UE Bandwidth
	An LAA UE that has both licensed and unlicensed band coverage is served by both carriers under the LTE carrier aggregation framework with a total bandwidth of 30MHz.

For a Wi-Fi UE with unlicensed band coverage, the UE is served by the Wi-Fi service with a bandwidth of 20MHz.

	Network synchronization
	For the same operator, the network is synchronized.
Asynchronous between different operators.

	Backhaul assumptions
	Non-ideal backhaul between macro eNB and small cell

	Performance metrics
	· User perceived throughput (UPT)
· Latency (From packet arrival in devices (eNB, AP, UE, STA) MAC buffer to successful transmission (including retransmission) of packet) CDF


Table A.2 Wi-Fi system evaluation assumptions
	Parameter
	value

	MCS
	802.11n MCS

	Antenna configuration


	1Tx1Rx

	TX Power
	30 dBm, same as LAA

	Frame aggregation
	A-MPDU, 10 frames aggregation

	MPDU
	Fixed 1500B MPDU size

	TXOP
	Not enabled

	MAC
	Coordination
	DCF

	
	SIFS, DIFS
	SIFS, DIFS

	
	Detection
	Energy detection

	
	RTS/CTS
	Not enabled

	
	Contention window
	Min : 16 slot, Max : 64 slot

	CCA-CS
	-82dBm

	CCA-ED
	-73dBm/MHz + 23 - PH dBm (PH is e.i.r.p) dBm, 
Outdoor: -67dBm

	ACK Modeled
	Yes

	DL/UL Duplexing
	DL only

	Rate control
	Proprietary algorithm


Table A.3 LAA system assumptions

	Parameters
	Value

	PCI planning for each NW
	Planned 

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized

	Transmission schemes
	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
	-73 dBm/MHz + 23 – PH dBm (PH is e.i.r.p)
Outdoor: -67dBm











