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Abstract

This document covers the process of determining usage models for the High Throughput Study Group.  The process includes establishing target usage cases, determining the applications and environments used for the cases, narrowing down and grouping the applications and environments, and developing usage models to be targeted by simulations for verifying the performance of various HTSG technical proposals.
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Introduction

To support the definition of a higher data rate standard within the IEEE, this document attempts to define usage models based on various market based usage cases.  The usage models are intended to support the definition of simulations that will be performed by various companies to compare the performance of proposed high throughput solutions.

Note - These usage models we develop here need to satisfy the following constraints (remove note eventually):

· They are relevant to the expected uses of the technology

· They require higher throughput than cannot be achieved with existing 802.11 technology

· They are capable of being turned into an unambiguous simulation scenario

Process going forward

We (the usage model committee) need to:

1. Brainstorm use cases (current mode of operation)

2. Select representative use cases to create simulation scenarios (ideally before next IEEE meeting)

Definitions

We’ve had a lot of confusion over terminology, with the same term meaning different things to different people. This section defines some of the terms used in this document.

Usage Model – Everything 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 description such as home, large office, small office, stadium, shopping mall, New York city street, train, car are acceptable.  Details should follow when channel model assumptions are made and should include information regarding: indoor, outdoor, construction material, size of rooms, number of floors.   

Initial examples:  home, large office

Usage Case – A usage case is a description of how an end user uses a system that exercises that system’s deployment of WLAN.  A usage 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.  

Simulation Scenario – A simulation scenario is a description of a usage case that supports simulation.  A simulation scenario includes details needed for simulation.  Types of details to be included are descriptions that link the usage case 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).  

Mappings between Application, Environment, Usage Case and Simulation Scenarios

(Adrian's note.  In our telecons to date, we assumed a 1:1 mapping between usage case and simulation scenario.  Mary has changed this so that usage cases are related to individual applications.  I don't have any problem with that,  but it changes the multiplicity of the mappings between them).

Each environment may support multiple usage cases.

Each usage case may be specified in multiple channel models (e.g. LOS domestic, NLOS domestic) and will eventually reference one or more applications.

Applications will eventually be described in terms of a traffic profile of some kind.   TBD – we may lump together multiple use cases to create a synthetic traffic profile that is representative of all the activity on a particular device.

Each Simulation Scenario will consist of multiple STA, each of with specified position and channel model type to other STA.  Each STA is specified in terms of the applications it is running.

Future Work

The output of the Usage Model special committee is the set of environments, applications, usage cases and simulation scenarios.

We probably can map the usage cases to simulation scenarios in time for the September meeting.

It is also necessary to describe each application in terms of its traffic profile so that the simulation scenarios unambiguously specify a traffic pattern.   This may take place within this group,  or more likely a “son of Usage Models” group operated under the authority of the 802.11n task group.

Environments

The list of environments we are considering is shown in the following table.


	Environment
	Includes
	Applicable Channel Models

	Residential,  Domestic or Home
	Intra-room.

Room to room.

Indoor to outdoor

?? Large multi-family Dwelling??
	TBD  - Vinko, can you add please?

	Small Enterprise
	Enclosed offices

Meeting room / Conference Room

Classroom
	

	Large Enterprise
	Enclosed offices

Meeting room / Conference Room

Classroom

Sea of cubes

Multi-story office environment

Campus
	

	Hotspot
	Airport

Library

Convention Center

Hotel

Shopping Mall

Train Station / bus terminal

Drive-in window
	

	Outdoor
	Outdoor sport event

Campus

City Square

Public Park
	

	Industrial 
	Indoor

Large factory floor

Hospital

Warehouse

Concert Hall / Auditorium

Movie Theatre
	

	Other custom environments
	Wireless Backhaul

Fixed Wireless Access
	

	Mobile
	Train

Bus

Plane

Curb-to-car (is this stationary?)

Car-to-car (is this stationary?)

	


Usage 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.

TBD – should we represent interferers (e.g. 2.4GHz cordless phone, Bluetooth) as a “usage case”?

TBD – should we represent adjacent channel and out-of-band effects within our “usage case”s?

(e.g. DECT, 900 MHz DSSS)?

TBD – should we require that simulations use realistic analogue filters, or ideal filters?

	Number
	Usage Case
	Application
	Environment

	1.  
	One personal phone everywhere – home, office, car.  Each person has a phone that works everywhere, home, office, car – 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, Car, etc.

	2. 
	Multiplayer Internet gaming anywhere within the home / Internet Café.
	Streaming Video and Audio?
	Residential/small enterprise (internet cafes)

	3. 
	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).
	Streaming Video and Audio with some messaging for control
	Residential

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

	5. 
	Watch a movie of your choice, when you want it, it your hotel room.
	Streaming Video and Audio
	Hotel – TBD needs to be mapped into an existing environment

	6. 
	Watch a clear replay of an event from your seat in a sporting arena.
	Streaming Video
	Arena

	7. 
	Remotely located security cameras transmitting video signal to a monitoring location.
	Streaming Video
	Outside/Inside Residential, Small office building

	8. 
	Music real time on multiple receivers throughout the home from a remotely located AV-server/AP/set top box receiver.
	Streaming Audio
	Residential

	9. 
	Net meeting in a conference/class room to share someone’s display.  30 participants/students
	File Transfer? Or White-board Applications
	Conference room/class room

	10. 
	Reconfigurable/temporary office space, Ethernet cable replacement (similar throughput to wired cable).  Back up files, email, web surfing, etc.
	File Transfer

	Enterprise – sea of cubes

	11. 
	Download video, music and other data files to a device in an automobile in the home garage or driveway.Broadband file transfer –  HT rates.
	File Transfer
	Residential / Outdoor

	12. 
	Backup/transfer files between PCs located throughout the home.  Access point router.
	File Transfer
	Residential

	13. 
	Synchronize your local device with the server – email, calendar, etc.  Hot spot/airport/airplane
	File Transfer
	Large open area – hot spot, airport, train station, bus terminal. Airplane, Train

	14. 
	Download digital pictures and home movies to a PC/AV-server
	File transfer
	Residential – same room

	15. 
	Exchange files between PCs – ad hoc (no access point). Using IBSS mode of operation.

	File Transfer
	Residential, Enterprise

	16. 
	Update inventory from the warehouse and the retail floor.
	File Transfer
	Large open building.

	17. 
	Surfing the web, email, instant messaging, online gaming, content download all through a broadband connection to the home/hotel located remotely.
	File Transfer
	Residential/Hotel

	18. 
	Access of networked software from the classroom. 30 participants, simultaneously signing on.
	File Transfer
	Conference room/class room

	19. 
	Update/view medical records from patient rooms.
	File Transfer
	Large building, multiple walled rooms.

	20. 
	Obtain real time interactive player and game stats from your seat at a sporting event.
	Content Downloading
	Arena

	21. 
	Interactive multi-person gaming – ad hoc.
	Streaming video and audio, file transfer
	Car, home, train station, office (

	22. 
	Point-point link for wireless backhaul
	Aggregated traffic
	Arena?  Hotspot?

	23. 
	Point-multipoint link for wireless backhaul
	Aggregated traffic.  Small number of links.
	Arena?  Hotspot?

	24. 
	Point-multipoint link for Fixed Wireless Access
	Aggregated traffic.  Large number of links controlled by geography
	Outdoor

	25. 
	Mixed mode AP has legacy and HT STA
	File transfer
	Small Enterprise

	26. 
	Co-channel legacy BSS interference
	File transfer
	Small Enterprise

	27. 
	Legacy mode operation in legacy BSS
	File transfer
	Small Enterprise

	28. 
	Real-time streaming of ultrasound video and real-time viewing of x-ray/MRI/CT images as well as  medical diagnostics signal streams
	Streaming video (should probably be moved up to 9)
	Hospital, same as 19.

	29. 
	Online distance learning/broadcasting locally 
	File Transfer, Streaming Audio/Video
	Residential, small/large enterprises

	30. 
	Video conferencing with headset

	Streaming Audo
	Small Enterprise

	31. 
	Enterprise high stress
	25 users each demanding an average of at least 4 Mb/s of real bi-directional throughput.

email, ftp, websurfing
	Large Enterprise

	32. 
	
	
	


Simulation Scenarios

The purpose of these scenarios is to merge representative use cases to create a small number (we agreed 5 was a nice small number) of simulation scenarios.  The scenarios have to be realistic (in terms that they are covered by the use cases listed above), different from each other and cover some TBD subset of the use cases that we identify to be priorities.

At the moment, these are just examples!  They have to be validated against our use cases!

Eventually this table should link specific environments and usage cases and only use terms already defined in the above tables.

It is TBD whether the simulation scenario defines one scenario with fixed topology (e.g. wireless TV display at (5,4)m wrt AP),  or a probabilistic topology (e.g. TV display randomly within 20m).

Eventually, there will be enough information here to unambiguously simulate against.

	Scenario
	Application mix
	

	Residential
	3 x (20Mbps) HDTV, 1  x VoIP 
phone, 3 x ftp clients, 1 x (128kbps) audio-stream
	

	Small Enterprise

	1 AP, 6 STA.  Mix of web, ftp, real-time audio and audio/video streaming (10-15Mbps) additional 4 STA low rate IP traffic (1. to 3 Mbps) Aggregate max at 100 Mbps.
	

	Large Enterprise
	1 AP, 6 STA, cellular frequency re-use 
.  Each STA doing email, web, ftp, real-time streaming audio and audio/video. 

Suggestion: 

1 AP 4 STA each @ 20 Mbps plus (HT applications: BB file transfer, instantaneous database sync, server-based applications etc), additional 4 STA IP traffic 1-4Mbps (email, browsing)

 aggregate max at 100Mbps 

Also, see footnote number 1.
	

	Public park/Outdoor space

	1 AP, 50 STAs, cellular frequency reuse. Each station doing a mix of web, email and real-time audio/video streaming applications.

(Note, offered load must exceed existing .11a rates to make this a valid scenario)
	See comment to this simulation scenario

	Mixed-mode BSS
	1 HT AP, 3 legacy, 3 HT STA.  1 streaming (20Mbps) HDTV
,two other doing ftp uplink and ftp downlink
	

	Co-channel legacy BSS
	1 legacy AP and 6 STA.
1 HT AP and 6 STA.  Cochannel.

All STA doing ftp uplink and ftp downlink.
	


� �PAGE \# "'Page: '#'�'"  �Page: 6��File Transfer at HT (close to 100Mbps) 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)





� This means that we collect the statistics off a “central” BSS, but surround it by identical BSSs that act solely as interferers at the distance appropriate to the frequency re-use plan implied by the band of operation and channel width used.





�PAGE \# "'Page: '#'�'"  �Page: 5���Are a “curb to car” and “car to car” applications meant to suggest a mobile usage of the WLAN? In the case of bus train and plane applications I assume that the intention is that the AP and consequently the BSS is co-located with the vehicle hence forming a moving network. Could someone provide clarification on the car applications?





�PAGE \# "'Page: '#'�'"  �Page: 5���In addition to the above, I feel that the “car to car” and “kerb to car” applications are not adequately represented by the listed usage cases.





�PAGE \# "'Page: '#'�'"  �Page: 6��� Does this imply the use of the IBSS mode? Are we planning to support High Throughput IBSS operation? If so, this would preclude the QoS features of 11e which rely on the presence of the QAP. Can someone clarify on this issue?





�PAGE \# "'Page: '#'�'"  ��Video Conferencing using a headset. This falls into the category of BT (headset) coexistence with WLAN (video conferencing) but is more generally an example of a class of applications which have simultaneous peer-to-peer (ad hoc/direct link) and peer-to-AP (infrastructure) communication. The question is could it be done with only one technology namely 802.11. If the DL mode being proposed in TGe is simultaneous rather than stand alone then it may be covered.


�PAGE \# "'Page: '#'�'"  �Page: 7��� I believe that one VoIP user at a time is an adequate simulation scenario for 1 HT AP.


�PAGE \# "'Page: '#'�'"  �Page: 7���There is a need for streaming/real-time AV applications in the office environment as well. Examples of this include video-conferencing applications, display of newscast etc in the lobby area of an enterprise/customer-service hall/waiting room. Audio applications may include net-radio (





�PAGE \# "'Page: '#'�'"  �Page: 7���I know that we agreed on the number 5, but I feel that our simulation scenarios do not realistically capture any of our use-cases in an outdoor environment/hotspot environment.


�PAGE \# "'Page: '#'�'"  �Page: 7��� I tend to think that this scenario does not satisfy the requirement of HT; application can be supported with 2AP’s and 802.11e 


�PAGE \# "'Page: '#'�'"  �Page: 7��� Mixed  mode BSS should probably simulate the residential/ SOHO scenario of HT device streaming video in same BSS with legacy STA’s.
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