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1
Introduction
This document discusses the simulation assumptions, evaluation methodology and simulation scenarios for LTE advanced deployments in the unlicensed spectrum. 
2 
Simulation Assumptions
2.1 
Common Assumptions for LAA-LTE and WiFi nodes
We note that most parameters and values are defined in Rel-12 3GPP TR 36.872 for SCE evaluation. We also assume that adjacent channel interference (ACI) is not considered as a part of this study. This impact of ACI will be studied separately as part of RF requirements.
Table 2.1-1 lists the simulation parameters that are common to both LAA-LTE and WiFi deployments.
Table 2.1-1: Common Simulation Parameters (LAA-LTE/WiFi) 

	Parameter
	Baseline
	Optional
	Note

	Layout
	21 cell Macro layout
	
	

	ISD
	500 m
	1732 m
	

	System bandwidth (namely, Frequency Element (FE), see Note)
	2x20 MHz
	
	For 2x20 MHz, two adjacent 20 MHz carriers are assumed for LAA-LTE and one 40 MHz carrier for WiFi.

	Carrier frequency
	5GHz
	
	

	TX power on unlicensed
	24dBm for indoor

24 and 30dBm for outdoor
	
	

	Number of FEs for LAA-LTE or operator WiFi
	10 for indoor, 10, 4 for outdoor

	4 for indoor
	

	UE noise figure
	9 dB
	
	Per 3GPP TR 36.872

	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) )

	
	Indoor: If UE is in the same building then InH pathloss model is used, while if UE is outdoor or indoor in a different building UMi pathloss model is used. InH is valid for d>3m, and UMi is valid for d>10m.

For the case 3m<d<=10m, InH model is used regardless of UE locations. In any case, the minimum distance cannot be smaller than 3m.
The minimum distance between AP-UE, AP-AP, UE-UE is 3 m, since InH and D2D models are only valid for d>3m

	Penetration
	Same as ITU with additional 4 dB for 5 GHz
	
	

	Antenna pattern
	2D Omni-directional is baseline
	
	Per 3GPP TR 36.872

	Antenna gain + connector loss
	5 dBi
	
	Per 3GPP TR 36.872

	Antenna gain of UE
	0 dBi
	
	Per 3GPP TR 36.872

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized
	
	Per 3GPP TR 36.872

	Indoor cluster Building
	Single floor Building
	
	

	Number of building per macro cell in indoor hotspot
	1
	
	

	Number of clusters per macro cell in outdoor hotspot
	1
	
	

	Number of Small Cells (SCs) or operator WiFi APs
	Indoor: 4 cells per building per operator
Outdoor: 4, 8 per cluster per operator
	Indoor: 2 cells per building per operator
Outdoor: 1, 2 cells per cluster per operator
	

	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-LTE if within its coverage. Some users served on licensed small cell can be out of coverage of LAA-LTE or WiFi.
	
	

	LAA-LTE small cell dropping
	Indoor:

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 and min. separation distance 3m between Op2 small cells
Small cells are placed in the middle of the hall
Outdoor:

Operators dropped randomly with min. distance of 20m between small cells of the same operator, 10m between small cells from different operators
	
	Per 3GPP TR 36.872

For outdoor: It should be 20m except that with high node density, 10m is needed for packing. 


	User dropping
	Indoor cluster: As per Scenario 2b in TR 36.872
Outdoor cluster: As per Scenario 2a in TR 36.872
	
	

	Traffic model
	Modified 3GPP Traffic Model 2 (working assumption)
Variable reading time to control system load
File size

0.5 MB for small cell users with unlicensed layer
0.025 MB for other users
Loading: 30/50/70% on unlicensed WiFi
	File size 0.1 MB
	The same traffic model is applicable for all the users connected to macro, small cells or APs.
See Note for the definition of the loading.
For each loading, the same reading time will be used for WiFi and LAA-LTE for comparison.
For calibration simulation, 3GPP Traffic Model 2 will be used.

	UL traffic
	WiFi ACK only for SDL

80% DL and 20% UL for both WiFi and LAA-LTE CA
	
	

	UE receiver
	MMSE-IRC as baseline
	
	Per 3GPP TR 36.872

	UE speed
	3km/h
	
	Per 3GPP TR 36.872

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

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

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

	Note:
Let qi,j,k,t be the size of the queue for the ith user connected to the jth small cell for the kth operator (k=1 or 2) at time t (TTI granularity).

Loading over the unlicensed layer per AP/Small-Cell can be defined as  
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where 1(.) is the indicator function, T=total simulation time, and Ω is the set of users within 5GHz coverage. Queue size is for data to be sent on both licensed and unlicensed components. Meanj(Lj,k) can be reported as average loading across the operator network. For better calibration, CDF(Lj,k) for the specific mean values we target (e.g. 30%, 50%, 70%) can be reported as well.

Resource utilization can be defined as
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where Pj,k,t=1 if AP/Small-Cell j of operator k is transmitting at time t over unlicensed layer (i.e., to one of the users in Ω). Mean(Uj,k) and CDF(Uj,k) can be reported.

Congestion metric can be defined as
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2.2  
LAA-LTE specific simulation parameters 
Several parameters and values are from the 3GPP TR 36.872 for SCE evaluation. Table 2.2-1 lists some of the key LAA-LTE specific parameters.

Table 2.2-1: LAA-LTE Simulation Parameters

	Parameter
	Baseline
	Optional
	Note

	LTE primary carrier frequency
	2GHz
	
	

	eNB Tx power on the licensed carrier
	24dBm for indoor

30 and 37dBm for outdoor
	
	

	Range extension
	9dB for licensed carrier FeICIC
	
	Per 3GPP R-11 RAN4 spec

	MCS
	4/16/64-QAM
	
	

	Rate Control
	Proprietary
	
	

	Channel Selection
	Proprietary
	Random
	

	LTE-U adaptive channel access 
	LBE based LBT
	
	

	Synchronous licensed and unlicensed carrier
	Data transmission is subframe aligned
	
	


2.3 
Operator WiFi parameters
Most of the baseline parameters use mandatory features of 802.11ac. Table 2.3-1 specifies some operator WiFi specific parameters. 
Table 2.3-1: Operator WiFi Simulation Parameters
	Parameter
	Baseline
	Optional
	Note

	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
	
	Energy Detection

	CCA-CS
	≤ -82dBm (See Note) with SNR = 0dB
	SNR =  4dB 
	CSMA triggers at -82 dBm but the WiFi device still needs to be able to decode the preamble. Therefore, CSMA should not be solely based on the path loss.

	MCS
	0~9 in MCS table
	
	

	MPDU
	Fixed 1ms MPDU transmission duration
	Fixed (1500B or 6000B) MPDU size (variable transmission duration)
	

	TXOP
	3 ms 
Asynchronous to LTE packets
	
	

	Channel coding
	LDPC
	BCC
	

	ACK Modeled
	Yes
	
	

	Duplexing
	Yes
	
	

	Rate control
	Minstrel algorithm
	
	

	Channel selection
	Proprietary 
	
	


2.4 
Private WiFi
The baseline mostly uses mandatory features of 802.11ac. Table 2.4-1 lists the private WiFi simulation parameters.
Table 2.4-1: Private WiFi Simulation Parameters

	Parameter
	Baseline
	Optional
	Note

	WiFi AP TX power
	24 dBm
	
	

	WiFi device (STA) TX power
	18dBm
	
	Also apply to devices for operator WiFi 

	Antenna gain + connector loss
	0 dBi
	
	

	Indoor cluster private WiFi AP deployment
	Probability: 0.5, 1 for each room
	
	It corresponds to 8 or 16 private WiFi APs. Some can be considered as mobile hotspots.

	Indoor cluster private WiFi AP access rule
	Operator WiFi STAs cannot be associated to a private WiFi AP.
	
	

	Indoor cluster private WiFi STA deployment
	1 per private WiFi AP in the same room
	
	

	Indoor cluster private WiFi STA association
	Private WiFi STA can be associated to a private WiFi AP in a different room.
	
	

	Outdoor cluster private WiFi AP deployment
	
	8, 16 randomly dropped within the cluster
	It may have an impact on minimum distance 

	Outdoor  cluster private WiFi STA deployment
	
	1 STA per private WiFi dropped within 10 m from private WiFi AP
	

	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 (See Note) with SNR = 0dB
	SNR = 4dB 
	CSMA triggers at -82 dBm but the WiFi device still needs to be able to decode the preamble. Therefore, CSMA should not be solely based on the path loss.

	MPDU
	Fixed 1ms MPDU transmission duration
	Fixed (1500B or 6000B) MPDU size (variable transmission duration)
	

	TXOP
	3 ms 
Asynchronous to LTE packets
	
	

	Channel coding
	LDPC
	BCC
	

	ACK Modeled
	Yes
	
	

	Duplexing
	Yes
	
	

	Rate control
	Minstrel algorithm
	
	

	Channel selection
	Proprietary
	
	


2.5 
Interference Modelling for LAA-LTE and WiFi nodes

Table 2.5-1 specifies the assumptions to be used for modeling the impact of interference experienced by LAA-LTE and WiFi nodes.

Table 2.5-1: Interference modeling
	Parameter
	Baseline
	Optional
	Note

	SINR slot (SINR calculation resolution)
	72 us
	
	

	WiFi MPDU effective SINR
	Worst slot SINR
	
	

	LAA-LTE effective TB SINR
	Average slot SINR
	
	


3
Simulation Scenarios
3.1 
One on one co-existence scenario

This is a two node scenario with one LAA-LTE eNB and a WiFi AP within energy detect range of each other. This scenario is used to evaluate the performance of LBE and FBE based channel access in the supplemental downlink (SDL) mode of operation.
	Scenario #
	Description
	Number of FEs
	LBT Protocol
	Unlicensed TX Power (dBm)
	Comments

	SO1
	Two Nodes:

Node 1: WiFi

Node 2: LAA-LTE
	1
	LBE 

FBE
	24
	Both nodes within energy detect range of each other


3.2 
Outdoor simulation scenarios for LAA-LTE performance studies with LBE based channel access
The following outdoor scenarios are applicable to both the SDL (downlink only) and TDD (downlink and uplink traffic) modes of operation in the unlicensed spectrum.
	Scenario #
	Description
	Number of FEs
	Number of nodes per operator
	Unlicensed TX Power (dBm)
	Comments

	SO1
	Two operators:

Operator 1: WiFi

Operator 2: WiFi
	10
	8
	24
	

	SO2
	Two operators:

Operator 1: LAA-LTE
Operator 2: WiFi
	10
	8
	24
	

	SO3
	Two operators:

Operator 1: LAA-LTE
Operator 2: LAA-LTE
	10
	8
	24
	

	SO4
	Two operators:

Operator 1: WiFi

Operator 2: WiFi
	4
	8
	30
	

	SO5
	Two operators:

Operator 1: LAA-LTE

Operator 2: WiFi
	4
	8
	30
	

	SO6
	Two operators:

Operator 1: LAA-LTE

Operator 2: LAA-LTE
	4
	8
	30
	


3.3 
Indoor simulation scenarios for LAA-LTE performance studies with LBE based channel access 
The following indoor scenarios are applicable to both the SDL (downlink only) and TDD (downlink and uplink traffic) modes of operation in the unlicensed spectrum.
	Scenario #
	Description
	Number of FEs
	Number of nodes per operator
	Unlicensed TX Power (dBm)
	Comments

	SO1
	Two operators + Private WiFi (p=100%)

Operator 1: WiFi

Operator 2: WiFi
	10
	8
	24
	p = 100% means 16 private WiFi APs per floor, or 24 nodes in total over 10 FEs

	SO2
	Two operators + Private WiFi (p=100%)

Operator 1: LAA-LTE

Operator 2: WiFi
	10
	8
	24
	

	SO3
	Two operators + Private WiFi (p=100%)

Operator 1: LAA-LTE

Operator 2: LAA-LTE
	10
	8
	24
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Conclusions 

This document specified the simulation assumptions, evaluation methodology and simulation scenarios for studying the performance impact of LAA-LTE deployments.
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