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Abstract
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1 Introduction

To support the definition of the mmWave higher throughput WPAN standard (which will incorporate changes to PHY and MAC if needed) within the IEEE, this document attempts to define usage models based on various market-based use-cases. The usage models are intended to support the definitions of simulations that will allow 802.15 members to evaluate the performance of various proposals in terms of, for example, network throughput, delay, packet loss and other metrics. It is intended that the outputs of this document will aid in the subsequent development of the evaluation and selection criteria used by 802.15.3c.

Note - These usage models that the usage model committee develops here are subject to the following constraints:
C1:
They are relevant to the expected uses of the technology

C2:
They require higher throughput than can be achieved with existing 802.15 and similar technologies
C3:
They are capable of being turned into an unambiguous simulation scenario

2 Process going forward

The 802.15.3c Usage Model Document committee has been given responsibility for maintaining this document. 

3 Definitions

This section defines some of the terms used in this document.

Application – A source or sink of wireless data that relates to a particular type of user activity.

Examples: Streaming video, Wireless Display, High Capacity disc drive synchronization.
Environment – The type of place where a WPAN, or short range wireless communications system, is deployed.  Examples: residential, office, desktop.
Use Case – A use case is a description of how an end user uses a system that exercises that system’s deployment of a WPAN.  A use case includes an Application in a deployment Environment with details regarding the user activity and both sides of the link and the range at which the application should operate.
Examples: Watching a television physically remote from the cable or set-top box within the home.  

Usage Model – A specification of one or more applications and environments from which a simulation scenario can be created once the traffic patterns of the applications are known.  Usage Models are created to "cover" Use Cases.

Simulation Scenario – A simulation scenario is a description of a usage model that supports simulation.  A simulation scenario includes details needed for simulation.  Types of details to be included are descriptions that link the usage model to the simulation scenario: 
· Environment linked to a channel model, 
· Position of the transmitter and receiver, 
· Data traffic for all applications,
· Number of users on the same WPAN channel.
A Simulation Scenario is created from a Usage Model by characterizing the traffic profile of the Applications and possibly of merging multiple Applications together to reduce simulation time.
4 Mappings between Application, Environment, Channel Model, Use case, Usage Model and Simulation Scenario

Understanding and defining the Application, Environment, channel model, Use Case, Usage Model and Simulation Scenario are all necessary to create comparative results from 802.15.3c proposals.

Channel models have been defined in [xyx], with YY channel models.

Each use case involves the use of one or more Applications and is defined for one or more Environments.  It represents a single type of use of a system using the technology.

Each Application reflects a source or sink of data.   They will eventually be characterized in terms of a traffic profile that allows a simulation of the Application to be created.

Each Usage Model contains a representative mixture of Applications and channel models designed to adequately cover the selected Use Cases.  There is a many to many mapping between Use Cases and Usage Models (i.e., the same Use Case may contribute to multiple Usage Models and the same Usage Model may include Applications from multiple Use Cases).

There will be a one-to-one mapping between Usage Models and Simulation Scenarios.   The usage model is a marketing-oriented description of a "reasonable mixture" covering the important use cases.  The simulation scenario fills in any technical details necessary to fully define the simulation inputs not present in the usage model.

5 Environments

The channel models identified in [xxx] are described in Table 1. 
Table 1 - Environment to Channel Model Mapping

	Environment
	Model

	Indoor
	Enterprise
	Convention center
	A

	
	
	Open office
	

	
	
	Warehouse
	

	
	
	Intra closed office
	B

	
	Residential
	Intra closed room
	

	
	Enterprise
	Inter closed office
	C

	
	Residential
	Inter closed room
	

	
	Enterprise
	Train - platform link
	D


Need to update with the following data, Abbie to provide update
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Add UMAS as a channel model contributor

The list of environments being considered is shown in Table 2.  This list is here to allow this document to relate an environment to a channel model.  

Table 2 - Environment Definitions
	Applicable Model
	Multipath
	Obstruction in LOS
	Doppler Update m/s

	A
	Light to moderate
	Humans, walls, etc.
	Some: ≤ 3 m/s

	B
	Heavy
	Humans, walls, etc.
	Some: ≤ 3 m/s

	C
	Very heavy
	Humans, walls, etc.
	Some: ≤ 3 m/s

	D
	Very light to moderate
	Atmospheric particulates, glass, etc.
	None


Need to update with the following data

Need to discuss the distribution of the Doppler

Update the m/s
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6 Applications

Table 4 lists the applications that are referred to from the usage models, together with relevant traffic parameters.

The parameters used to define the application are defined in Table 3.
Table 3 - Application Parameter Definitions

	Parameter
	Definition

	MSDU size
	Packet size at the top of the MAC

	Maximum PER
	Maximum packet error rate at the top of the PHY.  This is defined by the error rate that can be tolerated by the application.

	Maximum Delay
	Maximum transport delay at the top of the PHY 

	Data Type
	Indicates the data type of the applications.  It takes one of two values: asynchronous or isochronous.  

These two types are intended to represent a request for a total amount of channel time and a request for channel time on a periodic basis that does not expire.

	Symmetry
	Defines symmetric or asymmetric data transmission.

	Maximum Offered Load
	Data rate required by applications., 

	Number of streams
	Number of data source or sink multiplexed by the application.


This table needs to reflect the MAC or PHY modification.
Table 4 - Application Definitions

	#
	Application
	MAX Load

(Gbps)
	Data Type

	MSDU

(B)
	PER/

BER
	Delay (ms)
	Ref.
	Old #
	Description

	A1.0


	HD Video Streaming


	0.05-4.455


	I
	?
	?
	?

	04-0348


	1
	Uncompressed HDTV Video/Audio streaming 

[DVD players and other power-line operated devices], 1m-20 m

	
	
	
	
	
	
	
	
	9
	Wireless display at projector and TV

	
	
	
	
	
	
	
	
	12
	Wireless display at projector long distance, range of display resolutions

	
	
	
	
	
	
	
	
	22
	Wireless home video server connected to HDTV, PC and other video devices

	A1.1
	
	0.05-2.5


	
	?
	?
	?
	What is the minimum rate?
	2
	HDTV Video/Audio streaming [video camera/mobile devices and other battery operated devices] 1m-10m

	
	
	
	
	
	
	
	06-0147


	29


	Video supply, Environment  bus, train, airplane

	A1.2
	
	0.1-3.2
	
	
	
	
	04-0019
	15
	Wireless IEEE1394 applications

- LOS, 1m-17m

	A1.3
	
	1
	
	
	
	
	04-0098

Included in other applications, 3-10
	17
	Multimedia, information distribution system

≤ 10 m

	A1.4
	
	1
	
	
	
	
	
	30
	7.1 Surround sound multiple end points, <10m

	A2.0
	File Transfer 

	0.1-2.0
	A
	?
	?
	?
	Higher throughput is better
	3
	Internet bulky music and video downloading [computing devices]  1m-10m

	
	
	
	
	
	
	
	
	5
	Internet small size file transfer (email, web, chat)

	
	
	
	
	
	
	
	
	6
	Local file transfer for printing, document and small size file

	A2.1

	
	0.1-2.0


	
	?
	?
	?
	
	4
	Internet bulky music and video downloading, file transfer, printing [mobile devices] 1m-3m

	
	
	
	
	
	
	
	
	7
	Local file transfer for bulky music and video, point-to-point connection (photo/video camera and photo/video handphone, mp3 player)

	A2.2
	
	0.1-3.2
	
	
	
	
	04-0019
	15
	Wireless IEEE1394 applications

- LOS, 1m-17m

	A3
	Wireless Docking station and Desktop

P2MP
	0.05-4.455
	I/A
	?
	?
	TBD
	
	8
	Wireless desktop including Wireless docking station PtMP

	
	
	
	
	
	
	
	04-0514
	25
	PowerPoint and such applications, 1m-3m

	A4
	Gaming

	0.05-1
	I
	?
	?
	25ms
	Verify upper bound rate
Revise description
	10
	Interactive Gaming

[Console to Internet Access]

NOTE : Depends on GameType, 1m-6m


	
	
	
	
	
	
	
	
	11
	Interactive Gaming [between mobile devices]

	A5

	Wireless Backhaul
	0.156-2.5 
	A
	
	
	Low latency
	04-0006

04-0092
	14
	Vertically connected wireless link

Outdoor

33m-1000m

	
	· 
	
	
	
	
	
	04-0118
	18.0
	Outdoor: Fixed wireless access, distribution in stadiums, inter-vehicle communication, etc. (Stationary)



	
	· 
	
	
	
	
	
	04-0153
	20
	Outdoor, Distribution links in apartments, stadium, etc. LOS Point-To-Point

	
	· 
	
	
	
	
	
	04-0352
	24.0
	Outdoor: Distribution links in apartments, stadium, etc.



	A6
	Ad-hoc 
	0.1-1.6
	A
	
	
	
	Is this similar to A2?
Is this a WLAN?
	16
	Ad hoc information distribution system

	
	
	
	
	
	
	
	
	18.1
	Indoor: Connecting multimedia devices (wireless home link), ad-hoc meeting, heavy content download, distribution system 

	
	· 
	
	
	
	
	
	
	19
	Small office/meeting scenario, general office applications, AP-MT

	
	· 
	
	
	
	
	
	
	21
	Ad hoc network, 3m-20m

	
	· 
	
	
	
	
	
	
	24.1
	Ad hoc network

	A7
	Wireless Gb Ethernet
	0.5-1.0

	A
	
	
	
	04-0649
	25
	Two way vertical wireless link

	
	
	
	
	
	
	
	04-0019
	13
	1Gigabit Ethernet link LOS1m-30m


	
	
	
	
	
	
	
	04-0653
	27
	Wireless Gigabit Ethernet applications 

	
	
	
	
	
	
	
	Need to constrain
	18.2
	Inter vehicle communications while moving


Table 4.1- MAC related Systems Attributes
	#
	Usage
	MAC Related Systems Attributes

	1
	Uncompressed HDTV Video/Audio streaming 

[DVD players and other power-line operated devices]
	a) Isochronous

b) High throughput efficiency

c) Point-to-Point

d) Support for high gain antennas for Data Transmission

e) Device discovery

f) Moderate latency

g) Minimum reserved bandwidth

	2
	HDTV Video/Audio streaming [video camera/mobile devices and other battery operated devices]
	a) Isochronous
b) High throughput efficiency

c) Maintain link throughput while in motion jitter
d) Point-to-Point

e) Support for moderate gain antennas for Data Transmission

f) Automatic device discovery

g) Moderate latency

h) Minimum reserved bandwidth
i) Multiple nearby data transmissions

	3
	Internet bulky music and video downloading [computing devices]
	a) Asynchronous

b) High throughput efficiency

c) Point-to-Point

d) Support for moderate gain antennas for Data Transmission

e) Device discovery (Automatic preferred)

	4
	Internet bulky music and video downloading [mobile devices]
	a) Asynchronous

b) High throughput efficiency

c) Point-to-Point

d) Support for moderate gain antennas for Data Transmission

e) Device discovery (Automatic preferred)

f) Multiple nearby data transmissions

g) Power saving mode

	5
	Internet small size file transfer (email, web, chat)
	a) Asynchronous

b) Point-to-Point

c) Support for moderate gain antennas for Data Transmission

d) Device discovery (Automatic preferred)

e) Multiple nearby data transmissions

f) Power saving mode

g) Fast connect

	6
	Local file transfer for printing, document and small size file
	a) Asynchronous

b) Point-to-Point

c) Support for moderate gain antennas for Data Transmission

d) Device discovery (Automatic preferred)

e) Multiple nearby data transmissions

f) Power saving mode

	7
	Local file transfer for bulky music and video, point-to-point connection (photo/video camera and photo/video handy phone, mp3 player)
	a) Asynchronous

b) Point-to-Point

c) Support for moderate gain antennas for Data Transmission

d) Device discovery (Automatic preferred)

e) Multiple nearby data transmissions

f) Power saving mode

	8
	Wireless docking station
	a) Isochronous
b) High throughput efficiency

c) Maintain link throughput while in motion jitter
d) Point-to-Point

e) Support for moderate gain antennas for Data Transmission

f) Device discovery (Automatic preferred)

g) Moderate latency

h) Minimum reserved bandwidth
i) Multiple nearby data transmissions

	9
	Wireless display at projector and TV
	

	10
	Interactive Gaming

[Console to Internet Access]

*NOTE : Depends on Game Type
	

	11
	Interactive Gaming [between mobile devices]
	

	12
	Wireless display at projector long distance, range of display resolutions
	

	
	
	

	
	
	

	13
	1Gigabit Ethernet link

- LOS


	

	14
	Vertically connected wireless link

Outdoor


	

	15
	Wireless IEEE1394 applications

- LOS


	

	
	
	

	16
	Ad hoc information distribution system
	

	17
	Multimedia, information distribution system
	

	18
	· Outdoor: Fixed wireless access, distribution in stadiums, inter-vehicle communication, etc.

· Indoor: Connecting multimedia devices (wireless home link), ad-hoc meeting, heavy content download, distribution system 

 
	

	19
	Small office/meeting scenario, general office applications
	

	20
	Outdoor, Distribution links in apartments, stadium, etc. LOS Point-To-Point
	

	21
	Ad hoc network
	

	22
	Wireless home video server connected to HDTV, PC and other video devices
	

	23
	Wireless IEEE1394 applications
	

	24
	· Outdoor: Distribution links in apartments, stadium, etc.

Indoor: Ad-hoc network
	

	25
	PowerPoint and such applications
	

	26
	Two way vertical wireless link
	

	27
	Wireless Gigabit Ethernet applications 
	

	28
	· Replacement for 1394 FireWire

· Replacement for USB

Military – future combat systems, secure communication
	

	29
	Video supply, Environment  bus, train, airplane (
	Isochronous
High throughput efficiency
Broadcast, multicast and unicast capable
Minimum reserved bandwidth
QoS support
Low delay jitter (<100 ms)
Moderate latency (< 100 ms)
Support of asymmetric data rates and gaming
Cumulative acknowledgements and unacknowledged streaming
Infrastructure mode (non ad-hoc)
Secondary (fallback) PHY for 100% coverage and uplink

	30
	7.1 Surround sound multiple end points
	

	
	
	

	
	
	

	
	
	


7 Use Cases

Table 5 contains a definition of the use cases used in this document.

The score relates to the results reported in [4] from the vote on 21 July 2003.  This scores 3 for high, 2 for medium and 1 for low priority.  The "Devn" column shows the weighted absolute deviation in the votes (0 shows complete agreement and 1 shows complete disagreement).

Table 5 - Use Case Definitions

	#
	Covered by model #
	Use case
	Application
	Environment
	Score
	Devn.

	1


	1, 2
	Video streaming.
	Video streaming everywhere – home, office, devices with fixed power line or battery
	Residential, Enterprise – large and small,  conference room
	
	

	2
	5, 6
	Small size file transferring and sharing 
	Email, news, chat, printing, small size video and audio
	Residential/small enterprise/ public transportation
	
	

	3
	3, 4, 7
	Bulky music and video downloading
	Large music and video contents and files downloading 
	Residential/small enterprise/public kiosk and transportation 
	
	

	4

	8, 9
	Wireless display
	Wireless desktop, wireless display at TV and projector
	Residential/small enterprise/ conference room
	
	

	5

	10, 11
	Gaming
	Interactive gaming anywhere within the home / public (console to internet, between mobile devices)
	Residential/small enterprise (internet cafes)/public transportation
	
	

	#
	Covered by model #
	Use case
	Application
	Environment
	Score
	Devn.


8 Usage Models

Table 6 defines the usage models defined by this document.

The purpose of these models is to merge representative use cases to create a small number of credible worst-case mixtures of applications.  The usage models have to be realistic (in terms that they are covered by the use cases listed above), different from each other and cover some subset of the use cases that are identified to be priorities and capable of implementation in proposed 802.15.3c technology.

The number of usage models needs to be limited because each usage model adds simulation time to the preparation of results for submission against the 802.11n comparison criteria.

Table 6 - Usage Model Definitions

	Model #
	Usage Model
	Covers Use Cases
	Score (ave/devn)
	Application mix
	Comments

	1
	Residential
	3, 8, 10, 33, 1, 32, 11, 29, 7, 21
	2.8/0.3
	1 x AP

STA 1:  19.2 Mbps HDTV (A4) , VoD control channel (A2)
STA 3:  24 Mbps HDTV (A4) , VoD control channel (A2)
STA 4:  SDTV (A3), internet file transfer (A14), local file transfer (A15)
STA 5 & 6:  Video Phone (A23)

STA 7,8 & 9: VoIP (A9)

STA 10: Internet streaming video (A7), MP3 Audio (A12), Video gaming, console  to internet (A18), local file transfer (A15)
STA 11: Video gaming, controller to console (A16)
	This scenario should be room to room or indoor/outdoor. The exact spatial distribution and mobility as well as the desired number of simultaneous connections can be referred to [2].

20m range.

	2
	Residential IBSS
	4, 33, 11, 34, 15, 21
	2.3/0.6
	0 AP

STA 1:  peer-peer DV Audio/Video (A1) sink
STA 2,3:  local file transfer (A15) sink, local file transfer (A15) source

STA 4,5,6,7: Video Phone (A23) sink, Video Phone (A23) source

STA 8: 4 x Video gaming, controller to console (A16), sink

STA 9: content download (A13) sink
STA 10: peer-peer DV Audio/Video (A1) (rate, range combination > current technology) source 

STA 11,12,13,14: Video gaming, controller to console (A16) source
	Note,  all these devices are operating on the same channel.


Usage models 3,8,7,10,13,14 and 15 are reserved (they were defined in an earlier revision of this document, but have now been deleted);
8.1 Coexistence (Informative)
802.15.3c will liaise with 802.19 TAG regarding coexistence requirements.

9 Simulation Scenarios 

9.1 Common Conditions

Table 1 defines conditions that are common to all simulation scenarios.

Table 7 - Common Simulation Conditions

	Condition
	Description

	Shadowing
	In generating a channel realization, the shadowing term of the channel model shall be set to 0dB. 
   

	Channel Model Breakpoint
	When creating a channel realization between two STA, the distance between the STA is used to select between LOS and NLOS models according to the breakpoint distance defined in the channel model [5].


Scenario 1

Use channel model B for this scenario.
	STA Name: AP
	Role: Access Point
	Location: 0, 0
	

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1
	19.2 Mbps
	Constant, UDP
	1500
	200
	HDTV 

	STA3
	24 Mbps
	Constant, UDP
	1500
	200 
	HDTV 

	STA4
	4 Mbps 
	Constant, UDP
	1500
	200 
	SDTV 

	STA4
	1 Mbps
	TCP
	300
	
	Internet file

	STA7
	0.096 Mbps
	Constant, UDP
	120
	30 
	VoIP

	STA8
	0.096 Mbps
	Constant, UDP
	120
	30 
	VoIP


Scenario 2 

Use channel model B for this scenario.
	STA Name: STA1
	Role: DV Audio/Video sink
	Location: 4, -4
	

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	Notes

	Note: this STA is a sink only,  no applications generate data from this STA.


Scenario 3 (Large Enterprise) 
Use Channel model D for this scenario.
Note, items marked "**" are not strictly specified by the Usage Model, but are a reasonable extrapolation intended to achieve a range of offered loads.

	STA Name: STA1
	Role: 
	Location: 5, -9.5
	

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	Notes

	AP1
	0.256 Mbps
	TCP
	64
	
	** Clicking on web link?


Scenario 4 (Conference Room)

Use channel model C for this scenario.
	STA Name: STA1 – STA20
	Role: laptop (local file download)
	Location: See table below
	

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


Scenario 6: Hot spot

Use channel model E for this scenario.

	STA Name: AP1
	Role: AP 
	Location: 0,0
	

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1-10 (replicated)
	2
	TCP
	300
	
	Internet File Transfer

	STA11-14 (replicated)
	2
	UDP
	512
	200ms
	Mid quality streaming audio/video

	STA15-17 (replicated)
	8
	UDP
	512
	200ms
	High quality streaming audio/video

	STA18-19 (replicated)
	5
	UDP
	1500
	200ms
	SDTV broadcast

	STA20-34 (replicated)
	0.096 Mbps
	Constant, UDP
	120
	30 
	VoIP


Scenario 7 (Mixed-Mode BSS)

Use channel model D for this scenario
Note, legacy STA means .11g in the 2.4GHz band and .11a in the 5GHz band as appropriate.

10 Simulation Scenarios related to Comparison Criteria

The simulation scenarios in this section are referenced from the comparison criteria document [6].
Scenario 16 (Point-to-Point Throughput Test)

Unlike other UDP sources, these UDP sources have no timeout value specified (it can be considered to be infinite). 

This simulation is to be repeated using channel models B and D.
The simulation is repeated with the STA at locations in the range (0,0 to 0,200).

The UDP delay is not relevant, it can be considered to be infinite.

	STA Name: AP
	Role: HT AP
	Location: (0, 0)
	         

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA
	400Mbps
	UDP
	1500
	N/A
	


	STA Name: STA
	Role: HI Sink
	Location: (varies, see text)
	

	Data Sources – none, this STA acts as a sink only

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


Scenario 17 (Point-to-Point HT Goodput Test)

Use channel model B for this scenario.
The channelization for this scenario is 20 MHz. Goodput is measured.

Unlike other UDP sources, these UDP sources have no timeout value specified (it can be considered to be infinite). 

	STA Name: AP
	Role: HT AP
	Location: (0, 0)
	                           

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	Note: this AP is a sink only, no apps generate data from this STA
	
	
	
	
	


	STA Name: STA
	Role: HT UDP Source
	Location: (0, 10)
	

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP
	100 Mbps
	UDP
	1500
	
	


11 References
	
	
	Data Rate With TMDS (Gbps)
	Applications

	1
	1280 x 720 p, 24 Hz
	0.7810
	US HDTV

	2
	1280 x 720 p, 30 Hz
	0.9763
	US HDTV

	3
	2880 x 576 i, 50 Hz
	1.5457
	Game consoles

	4
	2880 x 288 p, 50 Hz
	1.6165
	Game consoles

	5
	1440 x 480 p, 59.94 Hz
	1.6200
	High end DVD players

	6
	1440 x 576 p, 50 Hz
	1.6200
	High end DVD players

	7
	1440 x 480 p, 60 Hz
	1.6216
	High end DVD players

	8
	2880 x 240 p, 59.94 Hz
	1.6231
	Game consoles

	9
	1920 x 1080 i, 50 Hz
	2.1830
	EU HDTV

	10
	1920 x 1080 i, 60 Hz
	2.1830
	US HDTV, EU HDTV

	11
	1280 x 720 p, 50 Hz
	2.2275
	EU HDTV

	12
	1280 x 720 p, 60 Hz
	2.2275
	US HDTV, EU HDTV

	13
	1920 x 1080 p, 24 Hz
	2.2275
	US HDTV

	14
	1920 x 1080 p, 30 Hz
	2.2275
	US HDTV

	15
	1920 x 1080 p, 50 Hz
	4.4550
	NEXT GEN

	16
	1920 x 1080 p, 60 Hz
	4.4550
	NEXT GEN


[1]
IEEE P802.15-05-0353-07-003c
� This condition is specified because the shadowing term is a slowly varying random variable.  It varies slowly compared to realistic simulation durations (i.e. 10s).  This simulation specification has two alternatives to incorporate this effect properly: perform a large number of simulation runs and average the results or incorporate a static shadowing term.  It is not feasible to multiple the number of simulations by a large number, so shadowing is viewed as a static property of the simulation scenario that is already incorporated into the topology of the scenario (i.e. randomized placement of the STA).
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