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1 Introduction
A new Study item on Licensed-Assisted Access using LTE (LAA) has been agreed in RAN#65 [1]. The RAN4 related work is planned to start from RAN4#74 meeting. 
One of the topics that need to be discussed in RAN4 is related to adjacent channel coexistence issues. It is our understanding that the co-channel coexistence will be studied in RAN1. 

In this contribution, we describe our proposals on simulation scenarios and parameters for adjacent channel co-existence evaluations to be done in RAN4. The layout and deployment parameters are taken similar to Ran1 evaluations and while some additional adjacent channel related parameters are added. 
2 Coexistence Scenarios for evaluations

For LAA deployments, both indoor and outdoor scenarios are considered as described in [2]. As described in [2], the indoor and outdoor scenarios are very similar to scenario 3 and scenario 2a respectively for previously studied small cell scenarios, except that in the case of LAA, there is one (or more) additional license-exempt carrier in the deployment. The indoor and outdoor scenarios are described in Figure 1.
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Figure 1 Indoor and outdoor deployment scenario for LAA operation (Source: Figure 8.1-1, [2])

In RAN4, we are supposed to perform adjacent channel coexistence studies, thus the following coexistence cases need to be evaluated:

1. WiFi-LAA coexistence
2. LAA-LAA coexistence

The adjacent channel coexistence cases are shown in Figure 2.
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Figure 2 Adjacent channel carrier arrangements in LAA and Wifi operations in 5GHz
2.1 WiFi-LAA coexistence
Since both Wifi and LAA system have the same priority and have to follow the same channel access procedure, it is highly likely that there will be adjacent wifi operations to LAA carrier. Depending on different bandwidth combinations, we can define different use cases:

· Wifi and LAA with the same BW (LAA and Wifi has 20MHz BW)
· Wifi and LAA with the different BW (LAA has 20MHz BW while wifi has higher bandwidth, e.g. 40MHz)
As shown in this figure, we have a number of cases which need to be studied. For limiting the number of cases, we propose that:

Proposal-1: Only consider same carrier BW (i.e. 20MHz) between LAA and Wifi for the current studies in this SI.
Based on the proposal above, we only concentrate on case (a), the first case in Figure 2 for the current studies. 

	
	LAA Carrier BW (MHz)
	Wifi carrier BW (MHz)
	

	LAA-Wifi
	20
	20
	To be studied

	
	20+20
	20
	FFS

	
	20
	40
	FFS

	
	20+20
	40
	FFS

	
	
	
	

	
	LAA, operator#1
	LAA, operator # 2
	

	LAA-LAA
	20
	20
	To be studied

	
	20+20
	20
	FFS

	
	20
	20+20
	FSS


Thus, we can adopt a phased approach to the BW definitions and concentrate on LAA and Wifi having same BW in the SI phase. This will simplify the evaluation scenarios. 

2.2 LAA-LAA coexistence

In case of LAA-LAA coexistence, when there are two operators which are using carriers adjacent to each other, then the adjacent channel coexistence performance is well known, since 20MHz LAA nodes are very similar to 20MHz LTE nodes (for which the coexistence studies have been done in Rel-8 timeframe). However, for CA with LAA operation may require some re-thinking compared to traditional LTE nodes in terms of some of the RF parameters, e.g. adjacent channel leakage parameters, etc. If ACLR and ACS differ from current LTE requirement, then the adjacent channel LAA operations between different operators need to be investigated. 
For the LAA-LAA case, we propose to limit the bandwidth combinations to 20MHz in both LAA nodes. In this way, we can limit the number of cases that need to be studied. 

Proposal-2: Only consider same carrier BW (i.e. 20MHz) between LAA from different operators for the current adjacent channel coexistence studies in this SI.
3 Simulations parameters
In this section, we present simulations parameters for both indoor and outdoor cases. 
3.1 Parameters for Indoor scenario for LAA coexistence evaluations
We have adopted many system parameters from 36.899, so that we have similar deployment scenarios for LAA operation. Since we will only consider the adjacent channel coexistence in 5GHz band, the parameters related to “Unlicensed Cell” column is the one that will be of our interest for the evaluations. 
	
	Licensed cell
	Unlicensed cell

	Layout for nodes
	For DL-only adjacent channel coexistence evaluations:

Two operators deploy 4 small cells each in the single-floor building. 

The small cells of each operator are equally spaced and centered along the shorter dimension of the building. The distance between two closest nodes from two operators is random. The set of small cells for both operators is centered along the longer dimension of the building.
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	System bandwidth per carrier
	10MHz
	20MHz

	Carrier frequency 
	3.5GHz
	5.0GHz

	Number of carriers
	2 (one for each operator)
	For DL-only LAA coexistence evaluations: 1, 4 (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

	BS 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
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band.

Example of a dropping method to achieve this with N=10 UEs: 

· Drop a large enough number of UEs, so that at least 10 UEs are covered by the small cell in the unlicensed band. 

· Randomly select 10 UEs from the UEs that have coverage.

	Radius for small cell dropping in a cluster
	N/A

	Radius for UE dropping in a cluster
	N/A

	Minimum distance (2D distance)
	3m

	
	· 

	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 

UE bandwidth for Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network can be synchronized and the assumed synchronization accuracy in such simulations should be stated.
Small cells of different operators are not synchronized.

	Performance metrics
	· Geometry
· SINR curves

· Throughput curves


3.2 Parameters for outdoor scenario for LAA coexistence evaluations
Similar to the indoor cases, we hav adopted many of the system parameters from 36.899. In this case, only the  right hand-side column is the one that will be of our interests.
	
	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.
Both 19 Macro sites and 7 Macro sites can be used. Companies should indicate whether 19 or 7 sites are used when presenting the results.
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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

	Number of carriers
	2 (one for each operator)
	2 (one for each operator)
	For DL-only LAA coexistence evaluations: 1, 4 (to be shared between operators) 

	Total BS TX power 
	46dBm (Ptotal per carrier)
	30 dBm (Ptotal per carrier)
	18 dBm across aggregated carriers

Optional: 24 dBm

	Outdoor Pico DL powre control
	
	Not modeled, i.e. assuming max outdoor pico Tx power
	Not modeled, i.e. assuming max outdoor pico Tx power 

	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
	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 and 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 and LOS probability.)
	Small cell-to-Small cell, Small cell-to-UE: ITU Umi [referring to Table B.1.2.1-4 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 break point distance and 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 
	10 UEs per unlicensed band carrier per operator for DL-only LAA coexistence evaluations

	UE dropping for each network
	All UEs should be randomly dropped and be within coverage of the small cell in the unlicensed band
Example of a dropping method to achieve this with N=10 UEs: 

· Drop a large enough number of UEs, so that at least 10 UEs are covered by the small cell in the unlicensed band. 

· Randomly select 10 UEs from the UEs that have coverage.

100% of UEs are outdoor.

	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

	
	Inter-operator small cell-small cell: 10 m

	
	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

	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, 

UE bandwidth for Wi-Fi: 20 MHz unlicensed

	Network synchronization
	For the same operator, the network can be synchronized and the assumed synchronization accuracy in such simulations should be stated.
Small cells of different operators are not synchronized.

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

	Performance metrics
	· Geometry
· SINR results

· Throughputs


3.3 Additional evaluation assumptions

3.3.1 Adjacent channel leakage and selectivity parameters

Since we believe that current Rel-8 spec on BS ACLR of 45dBc is overkill for LAA operations, we propose to investigate a range of ACLR values for LAA nodes. 
	ACLR for LAA node
	[35,…, 45] dBc

	ACLR for Wifi
	23.5dBc

	ACS for LAA
	27dBc

	ACS for Wifi
	Carrier BW and modulation dependant [3]


3.3.2 Additional Wi-Fi system evaluation assumptions
	Parameter
	Value

	MCS
	802.11ac MCS table without 256 QAM 

Optional: include 256QAM (should be the same as for LAA)

	Antenna configuration


	2Tx2Rx in DL, Cross-polarized 

Optional: 1Tx2Rx in DL.

UL: 1Tx2Rx

(should be the same as for LAA)

Baseline: open loop 

Company should state assumptions if assumed otherwise

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

	OFDM symbol length
	4 micro second


3.3.3 Additional LAA system evaluation assumptions
	Parameters
	Value

	Antenna configuration

	2Tx2Rx in DL, Cross-polarized. 

Optional: 1Tx2Rx in DL.

1Tx2Rx in UL

(should be the same as for Wi-Fi)

	Transmission schemes
	Based on TM4 or TM10, QPSK/16QAM/64QAM 

Optional: include 256QAM (should be the same as for Wi-Fi)

	Scheduling
	Proportional fair

	Link adaptation
	Realistic

	Cyclic Prefix
	Normal


4 Proposal
Based on the above discussions, we propose the following:
We propose to accept above mentioned parameters for LAA-Wifi coexistence evaluations. 
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