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Abstract

This document defines usage models for 802.11 TGs, intended to be used to define the functional requirements for ESS Mesh and to specify well-defined simulation scenarios.
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Introduction

To support the definition of the 802.11 ESS Mesh WLAN standard within the IEEE (to be published eventually as the 802.11s 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 TGs 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 TGs.

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 pose a specific problem that can be addressed with 802.11 ESS mesh technology

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

Process going forward

The following is a suggested process for developing usage model descriptions for TGs that will be useful for driving specific functional requirements, simulation scenarios, and evaluation criteria for 802.11s proposals.  
1. A usage model description template will be created to allow volunteers to describe different usage models in a consistent, comparable fashion.
2. Volunteers will fill in the template with descriptions of different usage models of interest for TGs, including sample deployment topologies for each usage model.
3. Usage model descriptions will be revised and prioritized based on group feedback.
4. Detailed simulation scenarios will be defined for high priority usage models.  These simulation scenarios will include a specification of a representative topology, one or more channel model, mapping of application endpoints to devices in the topology, and other simulation parameters.
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 with details regarding the user activity and both sides of the end-to-end link.  

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 Mesh APs and Mesh Points, uplink and downlink traffic, etc.  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, Use case, Usage Model and Simulation Scenario

Understanding and defining the application, use case, usage model and simulation scenario are all necessary to create comparative results from 802.11 TGs proposals.

Each use case involves the use of one or more applications.  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.

 



	
	

	
	

	
	

	
	

	
	

	
	

	
	




	
	
	

	
	




	

	
	
	

	
	


	

	
	





	

	
	







	

	
	




	

	
	





	

	
	



	

	
	



	


Applications

Table 1 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 E2E PLR:
Maximum end-to-end packet loss rate at the top of the MAC.  This is defined by the loss rate that can be tolerated by the application.

· Maximum E2E Delay: 
Maximum end-to-end 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.  The comparison criteria 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. Note: Acknowledgement traffic is generated by TCP sinks, this is not explicitly specified in the simulation scenarios, but it is included in the count of non-QoS flows and measurement of goodput.

The delay and PLR requirements for each application are specified in Table 1. Simulations may map applications and flows to specific QoS classes as necessary to satisfy these requirements. Proposers shall clearly state how applications and flows are mapped to specific QoS classes in their simulations.
Table 1 - Application Definitions

	Number
	Application
	Offered Load (Mbps)
	Protocol
	MSDU Size (B)
	Maximum E2E 
PLR
	Maximum E2E Delay (ms)
	Source

[ref]

	1
	DV Audio/video
	28.8
	UDP
	1024, Is this true? All other video/audio  (SDTV, HDTV) transfers has this parameter set to 1500. 
	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
	50ms
	Group consensus

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

	20
	Reserved
	
	
	
	
	
	

	21
	Reserved


	
	
	
	
	
	

	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


Table 2
 contains a definition of the use cases used in this document.

Table 2 - Use Case Definitions

	Number
	Use case
	Application
	Typical Environment (not exclusive)
	Both Application Endpoints within the WLAN Mesh?

	1


	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


	Multiplayer Internet gaming anywhere within the home / Internet Café.
	Interactive gaming (console to internet), internet gaming (controller to console)
	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).
	HDTV, SDTV, VoD control channel
	Residential
	

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

	5


	Watch a movie of your choice, when you want it, it your hotel room.
	Internet streaming audio/video, SDTV, HDTV
	Hotspot
	

	6


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

	7


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

	8
	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
	

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

	10
	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
	

	11


	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
	

	12


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

	13


	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
	

	14


	Download digital pictures and home movies to a PC/AV-server
	Content download
	Residential 
	

	15


	Exchange files between PCs or between CE devices 
	Local File Transfer
	Residential
	

	16


	Update inventory from the warehouse and the retail floor.
	Local File Transfer
	Industrial
	

	18


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

	19


	Update/view medical records from patient rooms.
	Local File Transfer
	Industrial.
	

	20


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

	20.5
	View broadcast SDTV video/audio at a sporting event
	SDTV
	Outdoor / Arena
	

	20.6
	View Video on demand at a sporting event / concert-hall /hotspot
	SDTV
	Outdoor / Arena
	

	21


	Interactive multi-person gaming – ad hoc.
	Interactive gaming
	Home, train station

	

	22


	Point-point link for wireless backhaul
	Backhaul traffic
	Outdoor.
	

	23
	Point-multipoint link for wireless backhaul
	Backhaul traffic.
	Arena?  Hotspot?

Could be both outdoor and indoor
	

	24


	Point-multipoint link for Fixed Wireless Access
	FWA traffic
	Outdoor
	

	25
	reserved
	
	
	

	26


	reserved
	
	
	

	27


	reserved
	
	
	

	28


	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 (?)
	

	29


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

	30


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

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

Printing.
Local File Transfer
	Small/Large Enterprise
	

	32


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

	33


	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
	

	34 
	reserved
	
	
	

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

	37
	Lightweight terminal wirelessly connected to a remote computer
	Remote user interface
	Residential, Industrial,

Enterprise
	


Usage Models
Table 3 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.  Usage models also include deployment characteristics.  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 802.11s technology.


Table 3 - Usage Model Description Table

	



	
	
	
	
	

	
	
	

	


	
	

	

	
	
	
	

	
	
	
	

	

	

	
	

	

	
	
	

	
	
	
	

	

	

	
	

	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


	Usage

Model

#
	Usage Model
Name
	Deployment Characteristics
	Traffic Characteristics
	Unique Security Requirements/ Characteristics
	Unique Mesh AP/ Mesh Point Device Characteristics (e.g. power, antenna, etc)
	Management and Configuration of WLAN Mesh (Self-configuring or Managed?)
	Motivations for WLAN Mesh Deployment
	Comments

	
	
	# Mesh APs/
Points
	Mesh Physical Topology (Physical Area Size/Shape, Include Sample Topology Map)
	Mesh 

Deployment Environment
	Mesh AP/ Point Mobility
	Mesh AP / Point Join / Exit Frequency
	# Mesh APs/
Points with Portals to Other LANs
	# 
STAs
	STA distri-bution
	STA mobility
	Use Cases (Including Applications)
	Mesh APs/ Points 
may be 
Application
 End-points?
	Both application End-points commonly within the WLAN Mesh?
	
	
	
	
	

	1
	Small Office Example
	Small
(10)
	80 m^2

Rectangle (1:3)
	Indoor
	Low
	Low
	Small
(2-3)
	Small

(25)

	(Out of scope?)
	10, 31, 33, 1, 29
	Yes
(SoftAP PCs)
	Yes
	Central or Distributed Key management
	Omni-antenna
	Self-
configuring
	Low cost, convenient deployment
	

	2
	Hotel Hotzone Example
	Large
(32)
	250 m^2

Circle
	Indoor
	Low
	Low
	Medium
(6-8)
	Large

(150)
	
	1, 5, 13
	No (Dedicated 
MeshAPs)
	No, primarily Internet access
	Central Key management
	Omni-antenna
	Managed configuration
	Low cost, convenient deployment, reliable coverage
	


Detailed Simulation Scenarios
This section is a placeholder for more detailed descriptions of usage models, including enough details to specify simulation scenarios.  These simulation scenarios will include a specification of a representative topology, one or more channel model, mapping of application endpoints to devices in the topology, and other simulation parameters.

Table 4 - Environment to Channel Model Mapping

	Model
	Environment

	A
	Flat fading (no multipath)

	B
	Residential

	C
	Residential / Small Office

	D
	Typical Office

	E
	Large Office

	F
	Large Space (indoors / outdoors)


Channel model 
specifications TBD.
� 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.








�Moved environments/channel models to detailed simulation scenarios section.


�Moved


�Comment from KS: Number of frequency channel within the WLAN mesh network. Should mesh point handles multiple channel be considered?


�Comment from TS: The PAR mentions support for multiple radios.  Should multi-radio configurations be considered in the usage models?


�Comment from KS: Which 802.11 standard is assumed here. a/b/g/n or mix of them?


�Comment from JRA: Some interference scenarios are needed to define operating within realistic environments with busy channels and co-channel, etc.
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