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Abstract

This document defines usage models for 802.11 TGn, intended to be used as part of the selection process to generate simulation results for specified well-defined simulation scenarios.
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Introduction

To support the definition of a higher throughput WLAN standard (which will incorporate changes to both the MAC and the PHY) within the IEEE (to be published eventually as the 802.11n amendment), this document attempts to define usage models based on various market-based use-cases. The usage models are intended to support the definitions of network simulations that will allow 802.11 TGn to evaluate the performance of various proposals in terms of, for example,  network throughput, delay, packet loss and other metrics. It is anticipated that the outputs of this document will aid in the subsequent development of the evaluation and selection criteria used by TGn.

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 802.11 technology

C3:
They are capable of being turned into an unambiguous simulation scenario

Process going forward

The 802.11 TGn Functional Requirements and Comparison Criteria (FRCC) special committee have been given responsibility for maintaining this document. 
The simulation scenarios need to be validated through an implementation.
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. VOIP.

Environment – The type of place a WLAN system is deployed in.  Initial examples:  home, large office.

Use case – A use case is a description of how an end user uses a system that exercises that system’s deployment of WLAN.  A use case includes an application in a deployment environment with details regarding the user activity and both sides of the link.  

Examples: Watching television remote from the cable or set-top box within the home.  Talking on the telephone remote from one’s desk at work.  

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 AP (console or ceiling mounted), position of STAs w.r.t. AP, uplink and downlink traffic (# packets, size of packets, interference (number and types of users on the same WLAN channel – adjacent cells, the same cell, number and types of users on alternate channels, BT, baby monitors, GPRS or other systems).  A simulation scenario is created from a Usage Model by characterising the traffic profile of the applications and possibly merging multiple applications together to reduce simulation time.

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 802.11 TGn proposals.

Channel models are currently being defined by the 802.11 High Throughput Channel Model Special Committee in [5].   They currently have 6 channel models.  Each environment will map to a single channel model.

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 characterised 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 important 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.

Environments

The channel models identified in [5] are described as follows:

	Model
	Environment
	LOS/NLOS

	A
	Flat fading (no multipath)
	NLOS

	B
	Residential
	LOS

	C
	Residential / Small Office
	LOS/NLOS

	D
	Typical Office
	NLOS

	E
	Large Office
	NLOS

	F
	Large Space (indoors / outdoors)
	NLOS


Note, pending specification of an outdoor channel model by the channel model special committee, the usage models with outdoor channel models are reserved.

The list of environments we are considering is shown in the following table.  This list is here to allow us to relate an environment to a channel model.  We do not necessarily have to identify use cases for all environments.
	Environment
	Includes
	Applicable Channel Models

	Residential, Domestic or Home
	Intra-room

Room to room

Indoor to outdoor

Large multi-family dwelling.
Note: one or more PCs in the home may be notebooks or other portable devices that come home with the user.  these wireless devices may have more than one wireless technology included.
	B, C

	House to house
	One main house has AP with uplink connection, Another house holds single or multiple STA(s), Guest house, garage or studio. In garage model, STA may be embed inside a car.
	TBD

	Small Enterprise
	Enclosed offices

Meeting room / conference room

Classroom
	C

	Medium/Large Enterprise
	Enclosed offices

Meeting room / conference room

Classroom

Sea of cubes

Multi-story office environment

Campus
	D

	Hotspot
	Airport

Library

Convention center

Hotel

Shopping mall

Arcade

Train station / bus terminal

Drive-in window
	D, E

	Outdoor
	Outdoor sport event

Campus

City Square

Public park

Amusement park
	TBD 
(outdoors model, max distance needed, maybe model F)

	Industrial 
	Indoor

Large factory floor

Hospital

Warehouse

Concert hall / auditorium

Movie theatre
	E, F

	Other custom environments
	Wireless backhaul

Fixed wireless access:

outside to multiple STA inside
outside to multiple STA outside
	TBD 
(outdoors model, max distance needed, maybe model F)

	Mobile
	Train

Bus

Plane

Roadside APs for data-service in-car (fast roaming)
	Assuming AP on the bus, train, then the following models apply:

B, C
Otherwise Outdoor


Applications

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

The parameters are defined as follows:

· MSDU size:
Packet size at the top of the MAC
· Maximum PLR:
Maximum packet loss rate at the top of the MAC.  This is defined by the loss rate that can be tolerated by the application.
· Maximum Delay: 
Maximum transport delay at the top of the MAC – i.e. between matching MA-UNITDATA.request and .indication.
· Protocol:
Indicates the network-layer protocol running between the data source and the MAC.  It takes one of two values: TCP or UDP.  These are intended to represent a generic acknowledged and a generic unacknowledged network-layer protocol.

Note on the meaning of "Offered load" and "Protocol".  Applications identified as being carried by UDP are assumed to generate MSDUs at a fixed rate, as identified in the "Offered load" column.  Inability to carry the traffic generated by a UDP application, due to insufficient throughput  capability, results in lost MSDUs, which is reported in simulation results as a packet loss rate, or an outage, associated with the application.  It is likely that the comparison criteria will include a measure of whether this packet loss rate exceeds the maximum specified for the application in this table.

Traffic carried by TCP is assumed to be served on a best-effort basis, and applications using TCP are assumed to generate MSDUs at rates up to the 

value given in the "Offered load" column.  Being an acknowledged protocol with a constrained window size, TCP responds to congestion in the BSS by reducing application throughput without losing MSDUs.  This effect is reflected in simulation results by reporting achieved throughput for applications using TCP.
	Number
	Application
	Offered Load (Mbps)
	

Protocol

	MSDU Size (B)
	Maximum

 PLR
	Maximum
 Delay (ms)

	Source

[ref]

	1
	DV Audio/video
	28.8
	UDP
	1024
	10^-7
(corresponds to a rate of 0.5 loss/hour) 
 


	200
	SD Specifications of Consumer-Use Digital VCRs

Max PLR: 15-03-276r0

	2
	VoD control channel
	0.06
	UDP
	64
	10^-2
	100
	Guess

	3
	SDTV
	4-5
	UDP
	1500
	5*10^-7
	200
	1

	4
	HDTV (Video/Audio)
	19.2-24
	UDP
	1500
	10^-7
	200
	1

	5
	DVD
	9.8 peak
	UDP
	1500
	10^-7
	200
	1

	6
	Video Conf
	0.128 - 2
	UDP
	512
	10^-2
	100
	1

	7
	Internet Streaming video/audio
	0.1 – 4
	UDP
	512
	10^-2
	200
	1

	8
	Internet Streaming audio
	0.064~0.256
	UDP
	418
	10^-4
	200
	Group guess

	9
	VoIP
	0.02 – 0.15
	UDP
	100

	5%
	30
	ITU-T G.114 300ms round-trip delay

	10
	Reserved
	
	
	
	
	
	

	11
	Reserved
	
	
	
	
	
	

	12
	MP3 Audio

Other formats are taking over (AAC/MPEG-4, OggVorbis, etc)
	0.064 – 0.32
	UDP
	418
	10^-4
	200
	1

	12.5
	Reserved
	
	
	
	
	
	

	13
	Content download (photo camera)
	11
	TCP
	1500
	n/a
	
	Corresponds to USB and flash speed

	14
	Internet File transfer (email, web, chat)
	1
	TCP
	300
	n/a
	
	

	15
	Local File transfer, printing
	30
	TCP
	1500
	n/a
	
	Aps guess

	16
	Interactive Gaming

[Controller to Console x 1]
	0.5
	UDP
	50
	10^-4
	16
	2

	17
	Interactive Gaming

[Console to Display]
	100+
	UDP
	1500
	10^-2
	10
	2
video image: 320x240x15 @ 60Hz

	18
	Interactive Gaming

[Console to Internet Access]

*NOTE : Depends on Game Type
	1
	UDP
	512
	10^-4
	???
	2

	19
	Netmeeting application/desktop sharing
	0.5
	TCP
	512
	n/a
	
	Group guess

	20
	Reserved
	
	
	
	
	
	

	21
	Point-multipoint backhaul traffic
	5
	UDP
	512
	 ??n
	100
	Bjorn Bjerke

	22
	Reserved
	
	
	
	
	
	

	23
	Video phone
	0.5
	UDP
	512
	10^-2
	100
	Aps guess

	24

	Remote user interface (X11, Terminal Server Client)

(remote display/keyboard/mouse)
	0.5-1.5 (peak)
	UDP
	700
	n/a
	100
	11-03-0696r0


Use Cases

Eventually, the entries in the "Application" column should be drawn from a well-defined set of applications listed in the above mentioned “Applications” table.

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).

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

	1


	1, 3, 4, 5, 6, 7
	One personal phone everywhere – home, office.  Each person has a phone that works everywhere, home, office – same number.   An extension of the cell phone into the office building. This includes cordless phone over VoIP.
	VOIP integrated with other wireless WAN technologies
	Residential, Enterprise – large and small,  conference room
	2.12
	0.84

	2


	1
	Multiplayer Internet gaming anywhere within the home / Internet Café.
	Interactive gaming (console to internet), internet gaming (controller to console)
	Residential/small enterprise (internet cafes)
	1.69
	0.77

	3
	1
	Multiple TVs running throughout the home getting their content from a single remotely located AV-server/AP/set top box.  Local control of the content (changing channels, etc).
	HDTV, SDTV, VoD control channel
	Residential
	2.87
	0.23

	4
	2
	Link the home digital camera/video to the TV/display for display of pictures and movies taken.
	DV Audio/Video
	Residential
	2.59
	0.55

	5


	6 (HDTV not covered)
	Watch a movie of your choice, when you want it, it your hotel room.
	Internet streaming audio/video, SDTV, HDTV
	Hotspot
	1.11
	0.19

	6


	7
	Watch a clear replay of an event from your seat in a sporting arena.
	Internet Streaming Video
	Outdoor
	1.51
	0.50

	7


	1
	Remotely located security cameras transmitting video signal to a monitoring location.
	 SDTV
	Outside/Inside Residential, Small office building (not covered)
	1.55
	0.55

	8
	1
	Music real time on multiple receivers throughout the home from a remotely located AV-server/AP/set top box receiver.
	PCM Audio, MP3 Audio
	Residential
	2.65
	0.49

	9
	5
	Net meeting in a conference/class room to share someone’s display.  30 participants/students
	Netmeeting application/desktop sharing
	Conference room/class room
	
	0.53

	10
	1, 4

(hotel not covered)
	Reconfigurable / temporary office space, Ethernet cable replacement (similar throughput to wired cable).  Back up files, email, web surfing, printing, etc.
	Local File Transfer, printing

	Enterprise – sea of cubes, home, hotel
	2.50
	0.70

	11


	1, 2
	Download video, music and other data files to a device in an automobile in the home garage or driveway. Broadband file transfer – at HT rates.
	Internet File Transfer
	Residential / Outdoor
	1.78
	0.68

	12


	1, 2
	Backup/transfer files between PCs located throughout the home, printing.  Access point router.
	Local File Transfer
	Residential, Residential IBSS.
	2.06
	0.63

	13


	6, 7

(Airplane & train not covered)
	Synchronize your local device with the server – email, calendar, etc.  Hot spot/airport/airplane
	Internet File Transfer
	Large open area – hot spot, airport, train station, bus terminal. Airplane, Train
	2.40
	0.69

	14


	2
	Download digital pictures and home movies to a PC/AV-server
	Content download
	Residential – same room, Residential IBSS.
	2.34
	0.71

	15


	2
	Exchange files between PCs or between CE devices – ad hoc (no access point). Using IBSS mode of operation.
	Local File Transfer
	Residential IBSS
	1.60
	0.65

	16


	Not covered
	Update inventory from the warehouse and the retail floor.
	Local File Transfer
	Industrial
	1.24
	0.38

	18


	5
	Access of networked software from the classroom. 30 participants, simultaneously signing on.
	Local File Transfer
	Conference room/class room
	1.76
	0.73

	19


	Not covered
	Update/view medical records from patient rooms.
	Local File Transfer
	Industrial.
	1.53
	0.66

	20


	7
	Obtain real time interactive player and game stats from your seat at a sporting event.
	Internet File Transfer
	Outdoor
	1.07
	0.12

	20.5

	15
	View broadcast SDTV video/audio at a sporting event
	SDTV
	Outdoor / Arena
	2
	0

	20.6
	Not covered
	View Video on demand at a sporting event / concert-hall /hotspot
	SDTV
	Outdoor / Arena
	2
	0.36

	21


	1, 2 (train station not specifically covered)
	Interactive multi-person gaming – ad hoc.
	Interactive gaming
	Home, train station

	1.39
	0.62

	22


	14
	Point-point link for wireless backhaul
	Backhaul traffic
	Outdoor.
	2.00
	0.73

	23
	8

(outdoor only covered)
	Point-multipoint link for wireless backhaul
	Backhaul traffic.
	Arena?  Hotspot?

Could be both outdoor and indoor
	2.46
	0.61

	24


	8
	Point-multipoint link for Fixed Wireless Access
	FWA traffic
	Outdoor
	2.32
	0.65

	25
	9
	Mixed mode AP has legacy and HT STA
	Legacy: file transfer
HT: File transfer + SDTV
	Large Enterprise
	2.89
	0.20

	26


	11
	Co-channel legacy BSS interference
	File transfer + SDTV
	Small Enterprise
	2.23
	0.65

	27


	Does not need a usage model
	Legacy mode operation in legacy BSS
	Internet/Local File transfer
	Small Enterprise
	Not voted


	

	28


	Not covered
	Real-time streaming of ultrasound video and real-time viewing of x-ray/MRI/CT images as well as  medical diagnostics signal streams / patient monitoring data
	SDTV, local file transfer
	Hospital (Industrial) similar to Large Enterprise (?)
	1.74
	0.56

	29


	1, 3, 4
	Online distance learning/broadcasting locally 
	Internet File Transfer, Internet Streaming Audio/Video
	Residential, small/large enterprises
	1.75
	0.63

	30


	5
	Video conferencing with headset
	Internet Streaming video/audio + headset interference
	Small Enterprise
	1.08
	0.15

	31
	3, 4
	Enterprise high stress. Surfing the web, e-mail, printing, file transfers within the intranet.
	Internet File Transfer. 

Printing.
Local File Transfer
	Small/Large Enterprise
	2.45
	0.5

	32


	1
	Portable /Internet  AV Devices. MP3 or other player playing music directly from an internet through a residential gateway. 
	Internet Streaming Audio
	Residential
	2.06
	0.33

	33


	1, 2, 4


	AV Communication
Video Phone: Peer to peer AV communication.
Video Conferencing: AV conference between multiple devices
	Internet Streaming Video/Audio (multicast/broadcast)
	Residential, Small/large Enterprise
	2.31
	0.64

	34 
	2
	Ad-hoc mode example
	Local File Transfer
	Residential IBSS
	1.74
	0.72

	36
	5
	Enterprise conference room – 20 to 30 users
	Local file transfer, internet file transfer, printing
	Enterprise
	2
	0.29

	37

	Not covered
	Lightweight terminal wirelessly connected to a remote computer
	Remote user interface
	Residential, Industrial,

Enterprise
	1.8
	0.43


Usage Models

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 802.11n 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 criteria.

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

	1
	Residential
	3, 8, 10, 33, 1, 32, 11, 29, 7, 21
	Mandatory
	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 (A9), local file transfer A(15)
STA 5 & 6:  Video Phone (A23)

STA 7,8 & 9: VoIP (A9)

STA 10: Internet streaming video (7), MP3 Audio (A12), Video gaming, controller to internet (A18), local file transfer A(15)
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
	Optional
	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
STA 15: content download (A13) source
	Note,  all these devices are operating on the same channel.

	4
	Large Enterprise


	10, 31, 33, 1, 29
	Mandatory
	2.7/0.4
	









1 AP, cellular frequency re-use.

6 STA (1-6): 
internet file transfer (A14), 
2 STA (7-8):

Video Conferencing (A6)
2 STA (9-10):

internet streaming video/audio (A7),

14 STA (11-24): local file transfer (A15) (10 downlink, 4 uplink) 
6 STA (25-30): VoIP (A9)

	Minimum 15 – 20 meter range

Aggregate throughput of the following cell should be reduced according to the CCI capacity reduction factor.   See Appendix 1 steps 1 to 3. 





	5
	Conference room
	9, 36, 1, 18, 30
	Optional
	2.4/0.5
	1 AP

30 STA (1-30): netmeeting, desktop sharing (A19), Local File Transfer (A15) 

10 STA (31-40): VoIP (A9)

1 STA: SDTV (A3)


	LOS small enterprise

15m

	6
	Hot spot
	1, 13, 5
	Mandatory

	2.8/0.4
	1 AP

30 STA: Internet file transfer (A14), 

internet streaming video/audio (A7), 

2 STA: SDTV (A3)

20 STA: VoIP

Note, the scenario actually implements the more relaxed specification: (TBD which do we keep?)
1 AP

20 STA: Internet file transfer (A14)

10 STA: internet streaming video/audio (A7)

2 STA: SDTV (A3)

20 STA: VoIP


	Indoors: Large Enterprise channel model

In hot spot area, most of traffic goes through internet, and the duration of the session is limited (less than 2 hours).

	7
	
Reserved
	
	
	
	






	

	8
	
Reserved
	
	
	
	



	


	9
	Mixed-mode (containing Legacy + HT STAs) BSS
	1
	Mandatory
	2.5/0.6
	1 HT AP

legacy STA 1-3: internet file transfer (A14)

1 HT STA (STA4): SDTV (A3)

2 HT STA (STA5,6): internet file transfer (A14)

Note,  legacy system means 802.11a in the 5GHz bands and both .11b and .11g in the 2.4GHz band.
	Will apply to large enterprise

20m range

	11
	Co-channel legacy BSS
	26
	Mandatory
	2.6/0.6
	1 legacy AP with 6 legacy STA.


1 HT AP and 6 STA.  Co-channel with legacy AP.

All STA doing internet file transfer (A14).

2 HT STA: internet streaming audio (A8).

1 HT STA: SDTV (A3)

Note, the BSSs are overlapping,  without any STA/AP being exactly on top of another STA/AP.
	Will apply to large enterprise

20m range

	3
	

(Reserved)
	
	
	
	
	

	10
	
	
	
	
	
	

	13
	
	
	
	
	
	

	14
	
	
	
	
	
	

	15
	
	
	
	
	
	


Coexistence

Apart from legacy 802.11 coexistence that is evaluated in models 9 and 11, there may be additional requirements for coexistence simulations placed on us by the 802.19 TAG.  It is unlikely that these can be formulated in time for the selection process, as details of the methodology need to be worked on.   This section lists some placeholders just as a reminder that we do need to work on these during the life of the 802.11n task group.

· Possible coexistence technologies may include:

· 802.15.1 (Bluetooth ™)

· 802.15.3

· 802.15.3a

· 802.15.4

· 802.16a

· 2.4 GHz Cordless Phone

· 5.0 GHz Cordless Phone

· 2.4 GHz Video Transmitter

· 5.0 GHz non-OFDM Video Transmitter

· 2.4 GHz Microwave Oven (victim only)

· 802.11b

· Proprietary extensions of 802.11a or 802.11g

The 802.19 TAG may also require us to consider coexistence with primary users of the 5GHz bands.
Additional coexistence usage models (802.19):

	Coex 1
	Placeholder for non 802.11 coexistence usage model #1
	To be determined by 802.19 during task-group phase

	Coex 2
	Placeholder for non 802.11 coexistence usage model #2
	To be determined by 802.19 during task-group phase

	Coex 3
	Placeholder for non 802.11 coexistence usage model #3
	To be determined by 802.19 during task-group phase


Simulation Scenarios (Informative)
Note, the simulation scenarios are informative in this revision of the document because they are not consistent with the modified usage models.  

After consistency has been restored they will become normative again.
Common Conditions

These conditions apply to all simulation scenarios.

	Condition
	Description
	Value

	Tx Power
	Total transmit power of a system delivered to its antenna(s).
	17dBm

	Rx Noise Figure
	
	10 dB

	Simulation Duration
	TBD whether or how we specify this.   Options:

· Metric variance based on repeated runs with different random seeds (e.g. 3% accuracy throughput)

· Simulation time (e.g. 20minutes simulated time)

· Real time (e.g. 5 hours on a P4-3GHz machine)
	

	Effective loss due to lumped Rx/Tx errors.
	Replaces a detailed error model (i.e. Tx EVM,  Rx I/Q imbalance,  phase noise)
	2dB


Scenario 1

	STA Name: AP
	Role: Access Point
	Location: 0, 0
	Channel Model: B or C according to channel model selection from STA to AP

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1
	19.2 Mbps
	Constant, UDP
	1500
	200ms
	HDTV + PCM 5.1 Audio

	STA3
	24 Mbps
	Constant, UDP
	1500
	200 
	HDTV + futuristic audio

	STA4
	4 Mbps 
	Constant, UDP
	1500
	200 
	SDTV 

	STA4
	1 Mbps
	TCP
	300
	
	Internet file

	STA7
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA8
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA9
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA10
	2 Mbps
	TCP
	512
	200 
	Internet Streaming video + MP3 audio


	STA Name: STA1
	Role: HTDV Display
	Location: 0, 5
	Channel Model: B

	Data Sources

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

	AP1
	60kbps
	Constant, UDP
	64
	100
	VoD control channel


Note, STA2 name reserved.
	STA Name: STA3
	Role: HDTV Display
	Location: 5, 0
	Channel Model: B

	Data Sources

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

	AP1
	60kbps
	Constant, UDP
	64
	100
	VoD control channel


	STA Name: STA4
	Role: SDTV Display, Gaming & Printing
	Location: -7, -7
	Channel Model: C

	Data Sources

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

	STA10
	30 Mbps
	Constant, TCP
	1500
	
	Local file transfer


	STA Name: STA5
	Role: Video Phone
	Location: -15,0
	Channel Model: C

	Data Sources

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

	STA6
	0.5
	Constant, UDP
	512
	100
	Video Phone


	STA Name: STA6
	Role: Video Phone + internet upload
	Location: 0,-15
	Channel Model: C

	Data Sources

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

	STA5
	0.5
	Constant, UDP
	512
	100
	Video Phone


	STA Name: STA7
	Role: VoIP Phone 
	Location: 20, 0
	Channel Model: C

	Data Sources

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

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA8
	Role: VoIP Phone 
	Location: 0, 20
	Channel Model: C

	Data Sources

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

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA9
	Role: VoIP Phone 
	Location: 0, -20
	Channel Model: C

	Data Sources

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

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA10
	Role: Video Console + Internet Entertainment
	Location: 10,10
	Channel Model: C

	Data Sources

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

	AP1
	1
	Constant, TCP
	512
	???
	Console to Internet


	STA Name: STA11
	Role: Video Gaming Controller
	Location: 10, 5
	Channel Model: B

	Data Sources

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

	STA10
	0.5
	Constant, UDP
	50
	16
	Controller to Console


Scenario 2 (Residential IBSS)

	STA Name: STA1
	Role: DV Audio/Video sink
	Location: 4, -4
	Channel Model: C

	Data Sources

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

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


	STA Name: STA2
	Role: Local File Transfer
	Location: 5, 5
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA3
	30Mbps
	TCP
	1500
	
	Local file transfer


	STA Name: STA3
	Role: Local file transfer
	Location: -5, 1
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA2
	30Mbps
	TCP
	1500
	
	Local file transfer


	STA Name: STA4
	Role: Video Phone
	Location: 3, 1
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA5
	0.5
	Constant, UDP
	512
	100 
	Video Phone


	STA Name: STA5
	Role: Video Phone
	Location: 0, 5
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA4
	0.5
	Constant, UDP
	512
	100 
	Video Phone


	STA Name: STA6
	Role: Video Phone
	Location: -2, 0
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA7
	0.5
	Constant, UDP
	512
	100
	Video Phone


	STA Name: STA7
	Role: Video Phone
	Location: -5, 5
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA6
	0.5
	Constant, UDP
	512
	100
	Video Phone


	STA Name: STA8
	Role: Video Gaming Controller
	Location: 1, 5
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	Note:  this STA is a sink only.


	STA Name: STA9
	Role: Content Download - sink
	Location: 2, -5
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	Note: this STA is a sink only.


	STA Name: STA10
	Role: Content Download - sink
	Location: -2, -5
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1
	28.8 Mbps
	Constant, UDP
	2000
	200 
	Peer-2-peer DV audio/video


	STA Name: STA11
	Role: Video Gaming Controller
	Location: 0, -3
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA8
	0.5
	Constant, UDP
	50
	16
	Controller to Console


	STA Name: STA12
	Role: Video Gaming Controller
	Location: 1, -2
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA8
	0.5
	Constant, UDP
	50
	16
	Controller to Console


	STA Name: STA13
	Role: Video Gaming Controller
	Location: 1, -3
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA8
	0.5
	Constant, UDP
	50
	16
	Controller to Console


	STA Name: STA14
	Role: Video Gaming Controller
	Location: 0, -2
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA8
	0.5
	Constant, UDP
	50
	16
	Controller to Console


	STA Name: STA15
	Role: Content Download - source
	Location: 0, -4
	Channel Model: B

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA9
	11Mbps
	TCP
	1500
	
	Content Download
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Scenario 4 (Large Enterprise)

Based on Cisco measured data, wired Ethernet traffic has roughly the following packet size distribution: 

64
60%

256
10%

1024
25%

1500
5%

The traffic mix should result in a comparable distribution.

The stations are contained in at +/-10 by +/-10 grid.  

Stations closer to AP were assigned channel model D, the ones farther away were assigned E.  
See note in usage model 4.
	STA Name: AP
	Role: Access Point
	Location: 0, 0
	Channel Model:

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1
	1 Mbps
	TCP
	300
	
	Internet file

	STA2
	1 Mbps
	TCP
	300
	
	Internet file

	STA3
	1 Mbps
	TCP
	300
	
	Internet file

	STA4
	1 Mbps
	TCP
	300
	
	Internet file

	STA5
	1 Mbps
	TCP
	300
	
	Internet file

	STA6
	10 Mbps
	TCP
	1500
	
	Internet file, downloading large email attachments

	STA7
	1 Mbps
	Constant, UDP
	512
	100 
	Video conferencing

	STA8
	1 Mbps
	Constant, UDP
	512
	100 
	Video conferencing

	STA9
	2 Mbps
	UDP
	512
	200 
	Internet Streaming video + MP3 audio

	STA10
	2 Mbps
	UDP
	512
	200 
	Internet Streaming video + MP3 audio

	STA11
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA12
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA13
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA14
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA15
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA16
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA17
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA18
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA19
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA20
	30 Mbps
	TCP
	1500
	
	Local File transfer

	STA25
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA26
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA27
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA28
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA29
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP

	STA30
	0.15 Mbps
	Constant, UDP
	100
	30
	VoIP


	STA Name: STA1
	Role: 
	Location: 5, -9.5
	Channel Model: E

	Data Sources

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

	AP1
	0.256 Mbps
	TCP
	64
	
	Clicking on web link?


	STA Name: STA2
	Role: 
	Location: 3.5, 7.5
	Channel Model: D

	Data Sources

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

	AP1
	0.256 Mbps
	TCP
	64
	
	Clicking on web link?


	
	
	
	
	
	


	STA Name: STA3
	Role:
	Location: 7.5, -9.5
	Channel Model: E

	Data Sources

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

	AP1
	0.256 Mbps
	TCP
	64
	
	Clicking on web link?


	STA Name: STA4
	Role: Internet file upload
	Location: -4.5, 0.5
	Channel Model: D

	Data Sources

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

	AP1
	5Mbps
	TCP
	1000
	
	


	STA Name: STA5
	Role: Internet file upload
	Location: -1.5, 6
	Channel Model: D

	Data Sources

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

	AP1
	10Mbps
	TCP
	1500
	
	Uploading large email attachments


	STA Name: STA6
	Role: 
	Location: -5.5, 4.5
	Channel Model: D

	Data Sources

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

	AP1
	0.256 Mbps
	TCP
	64
	
	Clicking on web link?


	STA Name: STA7
	Role: Video Conferencing
	Location: -9, -5
	Channel Model: E

	Data Sources

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

	AP1
	1Mbps
	Constant, UDP
	512
	100 
	


	STA Name: STA8
	Role: Video Conferencing
	Location: -8.5, 8.5
	Channel Model: E

	Data Sources

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

	AP1
	1Mbps
	Constant, UDP
	512
	100 
	


	STA Name: STA9
	Role: Media player
	Location: 7, -7.5
	Channel Model: E

	Data Sources

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


	STA Name: STA10
	Role: Media player
	Location: -3, 0.5
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	


	STA Name: STA11
	Role: 
	Location: -0.5,8
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA12
	Role: 
	Location: 7,7
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA13
	Role: 
	Location: -4,-4
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA14
	Role: 
	Location: 7.5,-1
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA15
	Role: 
	Location: 3,-0.5
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA16
	Role: 
	Location: 8,-6
	Channel Model: E

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA17
	Role: 
	Location: 0,-7.5
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA18
	Role: 
	Location: 10,0.5
	Channel Model: E

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA19
	Role: 
	Location: -2.5,-4.5
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA20
	Role: 
	Location: 0.5,-2
	Channel Model: D

	Data Sources

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

	AP1
	
	
	
	
	


	STA Name: STA21
	Role: local file transfer source
	Location: -6.5, -3
	Channel Model: D

	Data Sources

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

	AP1
	30Mbps
	TCP
	1500
	
	


	STA Name: STA22
	Role: local file transfer source
	Location: 0, -4.5
	Channel Model: D

	Data Sources

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

	AP1
	30Mbps
	TCP
	1500
	
	


	STA Name: STA23
	Role: local file transfer source
	Location: -1.5, 7
	Channel Model: D

	Data Sources

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

	AP1
	30Mbps
	TCP
	1500
	
	


	STA Name: STA24
	Role: local file transfer source
	Location: 3,2.5
	Channel Model: D

	Data Sources

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

	AP1
	30Mbps
	TCP
	1500
	
	


	STA Name: STA25
	Role: VoIP Phone 
	Location: 3.5, -5
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA26
	Role: VoIP Phone 
	Location: 9,9.5
	Channel Model: E

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA27
	Role: VoIP Phone 
	Location: -6,2.5
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA28
	Role: VoIP Phone 
	Location: -8,-5.5
	Channel Model: E

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA29
	Role: VoIP Phone 
	Location: 1.5,3.5
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone


	STA Name: STA30
	Role: VoIP Phone 
	Location: 9.5,3.5
	Channel Model: E

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15
	Constant, UDP
	100
	30 
	VoIP Phone
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Scenario 5 (Conference Room)

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

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA 1-30 (replicated)
	0.5 Mbps
	
	
	
	Netmeeting

	STA 1-20 (replicated)
	30Mbps
	TCP
	1500
	
	Local File Transfer

	STA 31-40 (replicated)
	0.15
	UDP
	200
	30
	VoIP Phone

	STA 41
	5Mbps
	UDP
	188
	200
	STDV


	STA Name: STA1 – STA20
	Role: laptop (local file download)
	Location: See table below
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	50Mbps
	TCP
	1500
	
	Printing


	STA Name: STA21 – STA30
	Role: laptop (local file upload)
	Location: See table below
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	50Mbps
	TCP
	1500
	
	Printing


	STA Name: STA31 - STA40
	Role: VoIP phone
	Location: See table below
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	VoIP Phone
	0.15
	UDP
	200
	30
	VoIP Phone


	STA Name: STA41 
	Role: SDTV display 
	Location: See table below
	Channel Model: C

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


Locations of the STA (m)

	STA
	X
	Y

	     1
	-3
	-3

	     2
	5
	10

	     3
	-4
	-2

	     4
	3
	2

	     5
	6
	0

	     6
	8
	0

	     7
	-9
	6

	     8
	14
	9

	     9
	6
	0

	    10
	-12
	5

	    11
	-4
	-11

	    12
	2
	10

	    13
	5
	15

	    14
	14
	-13

	    15
	-4
	1

	    16
	-7
	3

	    17
	-14
	2

	    18
	6
	14

	    19
	8
	7

	    20
	-2
	4

	    21
	9
	-12

	    22
	13
	12

	    23
	3
	-7

	    24
	11
	0

	    25
	7
	-2

	    26
	14
	-13

	    27
	2
	-6

	    28
	11
	-5

	    29
	5
	-13

	    30
	-4
	0

	    31
	-2
	2

	    32
	3
	-12

	    33
	12
	8

	    34
	9
	9

	    35
	5
	-9

	    36
	-7
	4

	    37
	1
	-13

	    38
	-12
	-7

	    39
	-3
	-1

	    40
	12
	3

	    41
	-5
	-1


Scenarios 6: Hot spot
NOTES

1. Note that under channel model, we mark it as E/F. Channel model E can be used for STAs with coordinates in the range (X,Y) where X,Y < 10 in this scenario. Channel model F may be used for all other STAs

2. 
See note in Usage Model
	STA Name: AP1
	Role: AP 
	Location: 0,0
	Channel Model: E/F

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1-20 (replicated)
	1
	TCP
	300
	
	Internet File Transfer

	STA21-24 (replicated)
	2
	UDP
	512
	200ms
	Mid quality streaming audio/video

	STA25-30 (replicated)
	4
	UDP
	512
	200ms
	High quality streaming audio/video

	STA31-32 (replicated)
	5
	UDP
	1500
	200ms
	SDTV broadcast

	STA33-52 (replicated)
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP


	STA Name: STA33 – STA52
	Role: VoIP Phone 
	Location: See table below
	Channel Model: E/F

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	0.15 Mbps
	Constant, UDP
	100
	30 
	VoIP


Locations (m)

	STA
	X
	Y

	     1
	21
	23

	     2
	21
	20

	     3
	21
	-16

	     4
	15
	-5

	     5
	13
	1

	     6
	9
	17

	     7
	7
	6

	     8
	5
	-21

	     9
	2
	9

	    10
	0
	20

	    11
	-1
	-5

	    12
	-5
	-15

	    13
	-7
	3

	    14
	-9
	12

	    15
	-11
	-5

	    16
	-12
	22

	    17
	-15
	6

	    18
	-20
	13

	    19
	-23
	-2

	    20
	-23
	-21

	    21
	13
	19

	    22
	13
	-19

	    23
	-16
	16

	    24
	-18
	-17

	    25
	16
	2

	    26
	10
	10

	    27
	3
	-10

	    28
	-1
	6

	    29
	-5
	15

	    30
	-15
	0

	    31
	4
	-1

	    32
	-6
	0

	    33
	21
	22

	    34
	21
	0

	    35
	19
	-11

	    36
	19
	-22

	    37
	15
	10

	    38
	8
	21

	    39
	9
	-5

	    40
	7
	-14

	41
	4
	12

	42
	2
	3

	43
	-2
	-22

	44
	-5
	-9

	45
	-8
	18

	46
	-9
	5

	47
	-14
	-18

	48
	-15
	12

	49
	-17
	-8

	50
	-23
	23

	51
	-23
	10

	52
	-24
	-15



	
	
	
	

	

	
	
	
	
	
	

	
	
	
	
	
	


	
	
	
	

	

	
	
	
	
	
	

	
	
	
	
	
	



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Scenario 9 (Mixed-Mode BSS)
	STA Name: AP1
	Role: Mixed-mode AP 
	Location: 0,0
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1
	1
	TCP
	300
	
	Internet File Transfer

	STA2
	1
	TCP
	300
	
	Internet File Transfer

	STA3
	1
	TCP
	300
	
	Internet File Transfer

	STA4
	5
	UDP
	1500
	200
	SDTV

	STA5
	1
	TCP
	300
	
	Internet File Transfer


	STA Name: STA1
	Role: Legacy STA
	Location: -9,-12
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA2
	Role: Legacy STA 
	Location: -19,10
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA3
	Role: Legacy STA 
	Location: -2,17
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA4
	Role: HT SDTV display 
	Location: -1,-3
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA5
	Role: HT STA
	Location: 14,1
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA6
	Role: HT STA 
	Location: -12,7
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	1 Mbps
	TCP
	300
	
	Internet File transfer


Scenario 11 (Co-channel legacy BSS)

	STA
	X(m)
	Y(m)

	1
	-6
	1

	2
	9
	-8

	3
	14
	3

	4
	-5
	8

	5
	2
	-2

	6
	8
	5

	7
	12
	18

	8
	1
	15

	9
	-13
	19

	10
	-9
	-10

	11
	15
	9

	12
	-15
	-20


	STA Name: AP1
	Role: Legacy AP
	Location: 0,0 
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA1 – STA4 replicated
	1Mbps
	TCP
	300
	
	Internet file transfer


	STA Name: STA1 – STA4
	Role: Legacy STA  (download)
	Location: See Table 
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA5 – STA6
	Role: Legacy STA  (upload)
	Location: See Table 
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP1
	1Mbps
	TCP
	300
	
	Internet file transfer


	STA Name: AP2 
	Role:  HT AP 
	Location: 5,5 
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	STA7 – STA10
	1 Mbps
	TCP
	300
	
	Internet file transfer

	STA7
	0.256Mbps
	UDP
	418
	200
	Internet Streaming audio

	STA8
	0.256Mbps
	UDP
	418
	200
	Internet Streaming audio

	STA9
	5 Mbps
	UDP
	1500
	200
	SDTV


	STA Name: STA7 – STA12
	Role: HT STA (download)
	Location:  See table 
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	
	
	
	
	
	


	STA Name: STA11 – STA12
	Role: HT STA (upload)
	Location:  See table 
	Channel Model: D

	Data Sources

	Destination STA
	Mean Rate
	Rate Distribution
	MSDU Size
	MAX Delay ms
	

	AP2
	1 Mbps
	TCP
	300
	
	Internet file transfer






Appendix 1

Assumptions/ notes:

· The procedure below is intended for system capacity comparison between TGn proposals, and therefore a simplification of real-life system capacity prediction.  

· For simplification, a 2-dimensional deployment (translate potential floor-to-floor effects into a 2D description) has been assumed.

· CCI and ACI will be treated separately. ACI is very proposal-dependent.  

· Since ACI is very proposal-dependent: each proposer shall demonstrate how ACI influences system capacity comparison

· For the sake of simplicity: assume CCI has an AWGN nature

· Cell-radius = 15 meter

· Each proposal shall provide PER vs. SNR curves for all modes. The required SNR for PER = 10% will be used as tolerable signal-to-co-channel-interference-ratio factor t in the following formula for all modes.

· Legend:

· t = tolerable signal-to-co-channel-interference ratio 

· f = number of available frequency channels – As a reference for comparison, the frequency bands available will be based on target FCC bands for the 2006 time frame.  Based on the following bands in the 5 GHz region:  5.150-5.250 GHz, 5.250-5.350 GHz, 5.725-5.825 GHz, 5.750-5.850 GHz and 5.470-5.725 GHz.  As an additional re-use factor calculation based on the following band in the 2.4 GHz region:  2.400 GHz – 2.4835 GHz.
· r = cell radius

· d = distance between AP’s utilizing the same frequency    

· g = propagation loss coefficient (free space = 3.5 – From IEEE 11-03/0871r0 Section 2: SISO WLAN Models)




1. For all modes in both frequency bands (2.4 GHz and 5 GHz), calculate the freq re-use factor based on CCI, using the following formula: 


Tolerable signal-to-co-channel ratio: 
t = ((d – r)/r)^g


Leading to:  spatial re-use factor:
 
s = (d/r)^2 = (1+t^(1/g))^2

2.  Translate the frequency re-use factor in the expected reduction in capacity of one cell, using the following formula:

System capacity reduction due to CCI :  
e  = s / f

3.  Simulate the usage cases described one cell, and apply the capacity reduction factor derived in 2:

Example:

Assume that the tolerable signal to co-channel SNR level for an 802.11a system is 26 dB.  The ratio of 26 dB is 398.  s in free space follows to be:

s = (1+398^(1/3.5))^2 = 43

Assuming 8 channels for 802.11a:

e = 43/8 = 5

So for a max throughput of approximately 30 Mbps, the throughput in a large enterprise deployment where co-channel APs are present, the effective throughput is reduced a factor of 5 to 6 Mbps. 



· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
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� Note, this corresponds to a loss of a 1024B MSDU per hour.   The TS PDU PLR is higher than this.  It is not known what is the effect to the decoder of giving it burst packet losses.


� Note, a PLR of 10^-7 will not be measurable in our simulation technologies.


� �PAGE \# "'Page: '#'�'"  �Page: 12��File Transfer at HT at the minimum figure in the PAR should be a requirement for these applications. We may want to emphasize the differentiation between regular FTP and “Broadband FTP” (e.g. very short download time for audio files, “large” email message instantaneous sync, enterprise-class FTP etc)








�I removed the Peak data rate column because we were not doing any thing useful with it.


�I added the protocol type column.


�Clarification From Hervé Bonneville.


�Clarification From Hervé Bonneville.


�I have removed the jitter column because it is not adding any information, and it is poorly defined.


��Added by Hervé


�Doesn't seem to be a high-throughput usage model.


�Added by Hervé


�STA2 removed at the suggestion of Rahul Malik


�Removed as per telecon - included in HDTV figure


�Removed as per telecon - included in HDTV figure





�Requested by Rahul Malik


�Requested by Rahul Malik


�The contents of this case merged into 7 at the suggestion of George Vlantis and Hervé.


�Contributed by Eldad Perahia.
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