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2. Introduction

2.1. Task Group Charter

2.1.1. Problem scope

The scope of this MRD is to provide marketing input on the applications, environments and usage that justify significantly improved performance.  

This MRD is intended for input to IEEE 802.11 TGn and input to the creation of a Wi-Fi Alliance interoperability certification test plans. 

Note: the charter of IEEE 802.11 TGn is to develop enhancements to the 802.11 standards that provide for a significant performance increase compared to that obtainable with existing 802.11 systems. 

2.1.2. Definition of fundamental issue

Wi-Fi has penetrated mostly the PC-centric market.  The PC continues to be the primary work tool in the enterprise.  There is a large installed base of PCs that continues to grow as recognition of the advantages of WLAN increases.  

Since the LAN in most offices offers 100BaseT access, individual users currently experience a multi-megabit traffic capability, with rates very close to 100 Mbps for certain applications. Users will therefore also expect similar rates wirelessly.  

In the home, wireless networking adoption is growing in a rapid rate mainly due to (1) increased number of multi-PC homes, and (2) increase number of homes with broadband Internet access.  

These trends will continue to drive the constant growth of the market for broadband wireless in the home.  It is projected that by 2006, 17M households will have broadband access with PC networks
.  This projection considers only data networking.  A much larger number can be expected since consumer electronics (CE) devices in the home are beginning to offer Wi-Fi capabilities.  

There is widespread agreement that content at the entertainment center in the home will merge with content at the PC. Both centers will have a storage capacity and require resource sharing. The family room might have a PVR, as an example, that will collect content from any one of multiple sources (e.g., satellite, cable, etc.). On the other hand, the PC will interface with a broadband connection and also have access to DVDs, CDs, and other types of stored media.  
 
The interaction between the PC and TV is revolutionary in that it gives new purpose to both devices. The PC becomes a source for the entertainment center and the TV (or Home Theater) becomes a more natural place to view digital photos, music videos from the Internet, downloaded video, etc. In order for any of this future to become a reality, the wireless technology used must provide more robustness, longer range and higher throughput.

The above developments require a significant performance improvement in 802.11 wireless LANs.   Significant performance enhancement is defined here as:

(1) an increase in actual throughput measured at the MAC service access point, 

(2) improved range at a given throughput, 

(3) improved robustness to interference, and 

(4) more uniform service within the coverage of an access point or service area. 

2.1.3. Significance to standards development

The interests of the Wi-Fi Alliance lie primarily in the areas of usage, interoperability, and certification of Wi-Fi products.  Functionality and interoperability are, to a large extent, within the scope of, and enabled by the work of the IEEE.  A good understanding of the user requirements is essential to choosing technologies, not just in Wi-Fi.

This MRD describes the expected market development for High-Throughput (HT) enabled wireless solutions. This description provides market timing as well as the applications, throughput, capacity and operational conditions and will be made available to IEEE 802.11 TGn in support of their work on evaluation methods for HT technologies.

In parallel with the work done by TGn, the Wi-Fi Alliance will continue to work on the application and certifications issues related to HT technology.

Furthermore, the Wi-Fi Alliance will watch the regulatory aspects of HT technologies and interact with the regulatory authorities worldwide as necessary to support the introduction of HT technologies in the global market.

2.2. Methodology

2.2.1. Information Sources

The main sources of information for this document were the contributions of the participants in the Task Group. Represented were companies that address a variety of markets, including the network systems, consumer equipment and IC development and manufacturing.

2.2.2. Membership Poll

A membership poll was conducted in order to get a view of Wi-Fi Alliance members that did not directly participate in the Task Group. The Poll results (see Appendix A) were reviewed with the Wi-Fi Alliance CE Task Group. 

2.2.3. Define Target Markets

To facilitate the overall analysis and to keep focus on the essential product features needed to make HT technology a success, the overall market was divided in three: 

· Domestic and Commercial entertainment and ad-hoc information processing (Infotainment)

· Business and Institutional Information Processing (Business)

· Public Internet Services (Services).

2.2.4. Define Product Use Cases

For each target Market, a broad Use Case was developed that collects usage aspects of  wireless LANs, many of which are particularly relevant to HT systems. These Use Cases are given in Appendix B

2.2.5. Derive Systems Requirements

The above Use Cases, together with the poll results, were the basis for the HT Systems Requirements given in section 4.

2.2.6. Derive Performance Requirements

The Usage Models define three performance parameters: throughput, coverage and robustness.

· Throughput is what the user gets; it is expressed in Mb/s at the MAC Service Access Point interface 

· Coverage is where the user gets the above throughput: it is expressed in meters range and quality (homogeneity)

· Robustness is the independence from other spectrum users, including same and legacy 802.11 devices. 

The methodology applied is as follows:
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Step 1: 
Identify major target markets that are sufficiently different from each other to justify separate analysis – see section 3.1

Step 2:
Identify the main applications used in the above markets – see section 3.2

Step 3:
Identify the main physical environments in which HT technology will be used.- see section 3.3

Step 4: 
Develop Use Cases for each target market – with focus on the applications, user density and environment. See Appendix C3.

Step 5: 
Derive Usage Models for each market by taking the range of Use Case results in terms of throughput, coverage and robustness. These models are to be provided to TGn. See Appendix C2.

2.2.7. Leveraging Existing Standards

As became clear from the Membership Poll, it is important to achieve backwards compatibility of the HT technology with the current suite of IEEE 802.11 standards and amendments. Therefore, many features of HT capable products are already addressed by current standards and the work in progress in IEEE 802.11. New features or capabilities will be needed to meet requirements given in this MRD.

3. Market Perspective

3.1. Target Markets

This MRD addresses three major target markets for HT Wireless LAN technology:

a) Domestic and Commercial entertainment and ad-hoc information processing (Infotainment)

b) Business and Institutional Information Processing (Business)

c) Public Internet Services –e.g. hotspots - (Services)

No differentiation is made here as to the relative importance of these markets in terms of volumes or growth rate. The uptake of the new technology will depend very much on its performance and cost.  It is necessary that the HT Wireless LAN standard defines a functionally complete subset of functions and features that assures that the same “HT device”, can be used in all three market segments. Further it is noted that the HT Wireless LAN standard should be optimized w.r.t.  typical wireless LAN usage, as indicated by the applications and scenarios described in this document.

3.2. Applications

This MRD identifies six broad types of applications for use in subsequent sections. Each type refers to examples of real world applications and has a “typical” transmission type, rate and volume.

	Applications and target markets
	Transmission characteristics

	Reference Application
	Examples
	Target markets
	Type
	Rate
	Duration/ Volume

	Audio/Video 1
	HDTV and DV viewing for commercial and domestics use
	Infotainment
	Constant (low jitter)
	27 Mb/s
	Hours

	Audio/Video 2
	SDTV viewing for commercial and domestic use
	Infotainment

Business
	Constant (low jitter)
	6 Mb/s
	Hours

	Audio/Video 3
	Video Conferencing with VoIP
	Business

Services
	Constant

(low jitter)
	2 Mb/s
	<  1hour

	Interactive 1
	Interactive Gaming, Internet Browsing; Email
	Infotainment

Services
	Variable
	2 Mb/s
	1 hour

	Interactive 2
	VoIP, Internet Gaming, 


	Infotainment Services
	Constant with intervals
	.2 MB/s
	1  minute – 1 hour

	Bulk Transfer
	(Flash downloads File transfer; media (un)loading
	Infotainment

Business

Services
	Variable
	(30 Mb/s)

note 1
	10 MB – 10 GB


Note 1: this figure denotes a minimum performance to be realized in most conditions. However, it is understood that Bulk Transfer will make use of a best effort MAC service that may be pre-empted by other services. 

Note 2: The applications given here are assumed to share an RF link in some way. Much higher performance figures become feasible if link sharing is not taken into account. However, such applications are not considered to be a requirement from a Wi-Fi Alliance perspective. 

3.3. Environments

This section lists a number of environments and gives main physical dimension information together with major factors that affect RF propagation.  Together with the density of use, the environment determines the (self)interference that HT technology will encounter.

	Environment
	Includes
	Propagation factors

	Residential 1 
	Intra-room

Room to room

Large multi-family dwelling (MDU/MTU)
	Building: 20 m diagonal; one or two floors are part of the service area/deployment.

Typical room size: 20m2 

Walls/floors: plywood; sheetrock or

Reinforced concrete

	Residential 2 
	Indoor to outdoor

Garden/public space
	Distances up to 20 m; one or two floors are part of the service area/deployment.

Walls: plywood/sheetrock or concrete/masonry

	 Small Enterprise 1
	Enclosed offices

Meeting room / conference room

Classroom
	Free standing building: 40 m diagonally, multi-story, one or two floors are part of the service area/deployment.

Typical room size: 40 m2. 

External walls: Steel or reinforced concrete

Walls/floors: a) plywood; sheetrock or 

Reinforced concrete

	Small Enterprise 2
	Enclosed offices

Meeting room / conference room

Classroom
	Multi-user buildings, single and multi-story, one floor per service area/deployment. Unit spacing of 40 m diagonally. Typical room size: 40 m2. 

External walls: Steel or reinforced concrete

Walls/floors: a) plywood; sheetrock or 

Reinforced concrete

	Large Enterprise

/Institution 1
	Enclosed offices

Meeting room / conference room

Classroom

Multi-story office environment

Hotel

Hospital
	Free standing building: 400 by 40 m, multi-story. One floor per service area/deployment. Typical room size: 40 m2. External walls: Steel or reinforced concrete

Walls/floors: Reinforced concrete

	Large Enterprise

/Institution – 2
	Sea of cubes

Library/Auditorium

Convention center/Atrium

Concert hall/Movie theatre

Large factory floor

Warehouse
	Free standing building: 400 by 40 m, multi-story. One floor per service area/deployment.  Typical space size: 40 by 40 m. 

External walls: Steel or reinforced concrete

Walls/floors: Reinforced concrete

	Hotspot
	Airport

Shopping mall

Train station / bus terminal


	Large covered spaces of > 100m diagonally. Mostly steel and reinforced concrete. Internal divisions mostly plywood/sheetrock.

	Outdoor
	Outdoor sport event

Campus

City Square

Public park

Amusement park
	Semi-open landscape with buildings and trees, typically undulating surface. One floor per service area/deployment.

	“Mobile” environments
	Train

Bus

Plane
	Internal usage only – access to mobile entities is not considered.  Small internal spaces, largely metal, 30 to 200 people


Note: these Environments map with those defined by TGn – the only difference is a further differentiation in the home, small business and large business definitions to get a more precise correspondence with real world conditions.

3.4. Market Timing

The Members Poll asked a question about when HT is expected to be introduced in the market. See Appendix A for details. The following data resulted from the membership poll:

	Period
	Number of responses

	< 2 years
	19

	2 - 4 years
	17

	4 - 6 years
	5

	> 6 years
	0


This shows a strong emphasis on the next few years. It is expected, that the three major markets for HT capable products as identified in this document will develop in a staggered fashion, lead by the Infotainment market. The Business market will come next and the Services market will develop shortly thereafter.

This reasoning is based on the following facts:


· Infotainment needs a lot of  raw bandwidth to deliver quality video

· Business will take up HT if it becomes available in large numbers at the right price

· (Hotspot) Services will take up HT for two reasons: user demand for high performance services like “flash downloads” and, secondly, if HT offers better coverage that gives a competitive advantage for the service provider.

A further factor that is important in the timing picture is the need of the CE manufacturers to find new ways to bolster their sales in more developed markets where market saturation is affecting the sales of many conventional large ticket items. Wireless features are considered key enablers for new products. 

3.5. Market Development Considerations

The synergy between the above markets is important: reliable, fast wireless at home will motivate the business and institutional IT managers as well as the hotspot operators to install HT technology based wireless. Conversely, the experience of HT technology in the office or work floor will motivate people to buy the same technology for home use. The ability of the same wireless device to operate in all three environments will further accelerate adoption of HT technology by increasing the desire of users to use HT wireless in all kinds of situations.

Such synergy and mutual reinforcement is only possible if the following conditions are met:

· The same HT technology is able to function in all three markets and environments – this enhances the utility of HT for the users

· HT technology delivers flawless performance – in all kinds of environments and conditions 

· Last but not least – HT technology should work seamlessly with existing Wi-Fi products so that for the user, the transition is painless. 
4. High Throughput Wi-Fi Systems Requirements

This Chapter summarizes the HT systems requirements derived from the Use Cases of Appendix B and the Performance Analysis of chapter 3. 

4.1. Performance

4.1.1. Throughput and Range

Throughput is defined as the aggregate data rate across all the MAC Service Access Points and measured in Mbps.  Throughput is a function of many factors, including signaling rate, operating range, interference and RF channel sharing. 

4.1.1.1
Requirement

The throughput figures represented in the graph below are based on the simplified Usage Models developed in Appendix C.  
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Point A/C = 100 Mb/s at 15 m.

This denotes the point of link level throughput required  in typical domestic settings. 

Point B/D =  10 Mb/s at 100 m.

This denotes the point of minimal link level throughput required in typical hotspot settings, 

Business systems cover the space between these two extremes. 

Coverage at the above ranges should be better than 95%. This means that a user will accept degraded performance in one out of 20 instances or locations of use for each of the environments identified in Section 3.3. See also Section 4.1.2.

Note: the specific minimum requirements given in Appendix C reflect the basic performance requirements for the three major market segments and associated applications and environments as given in section 3. However, the Usage Models’ highest results have been rounded up in order to line up with the Ethernet rate of 100Mb/s which is attractive from a marketing point of view.

4.1.1.2
Applicability

The blocks in the figure indicate that these requirements are neither precise nor differentiated between the three main market segments. In fact, the whole range of throughputs and operating ranges will be required in different situation in each of these market segments. 

Therefore HT technology should function equally well in all three market segments.

4.1.2. Continuity of coverage

Wired means of communications deliver 100% reliability – if one ignores physical disruption. General purpose wireless communications of the Wi-Fi type do not achieve that level of performance – if only because current radio systems do not deal effectively with the changing vagaries of RF transmission. For example, persons moving through a room affect the transmission conditions sufficiently to affect an RF link operating at high speed. The continuity of coverage of the radio link varies in time but also with location. The percentage of coverage that can be achieved varies with the transmission rate – the relationship is inversely proportional. This variation in performance becomes noticeable in QoS sensitive applications like watching video. 

In many cases, reliable, continuous coverage is more important to the user experience than raw throughput. Therefore HT technology must provide a high percentage of coverage in addition to high transmission rates. Both are equally important to the user experience. 

4.1.3. Capacity and Interference robustness

BSS capacity is shorthand for the capacity of a HT network extending over an area corresponding to a BSS cell. It is expressed as Mb/s/m2. The cell size varies with the signaling rate being used.  

BSS capacity varies also with the number of BSS’es operating on the same RF channel at distances at which they cause interference to each other. This leads to a phenomenon known as spectrum re-use. The degree of spectrum re-use depends on the number of BSS that can interfere with each other. Spectrum re-use causes capacity degradation; it varies with the link level signaling rate. Sensitivity to (self)-interference increases exponentially with the data rate and therefore the loss of capacity due to spectrum re-use increases faster than the increasing data rate. 

Large enterprises, apartment blocks, convention centers and hotspots are some examples of environment where interference will be high – due to the large number of cells needed in a small area. 

Considering the above, it is important that HT technology is able to operate in the presence of interference – this is known as “interference” robustness. The effect of interference is always proportional to the distance to the desired source. Therefore an absolute measure of “robustness” as seen by a user cannot be given. Instead, only a range of SNIR values can be given as in the diagram below. Also see Appendix C.1.7 for more details.
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4.1.4. Network Topologies

As CE products continue to be introduced with a Wi-Fi capability, the reliability of the BSS becomes increasingly important. For instance, the AP might eventually be servicing the phone, the stereo, the TV, etc. A single point failure, therefore, could become equivalent to the effects that a power failure have in the home today.  Therefore, it is important that HT technology does not have properties that would prevent efficient operation in a non-BSS topology. 

4.1.5. Power Consumption

The power consumption of HT products or HT mode of operation shall not exceed,

In stand-by mode (signal acquisition): 
<[10] mW

During transmit or receive, for any date rate:
<[2W] 

Note 1: these numbers are assumed to apply for any data rate – the implication is that the power/performance envelope is extended towards higher speeds as well as more range or better robustness or some mix thereof. 

Note 2: these numbers reflect current 802.11 based technology. Competitive pressure is expected to drive these numbers lower, possibly selectively for different applications or different target markets.

4.2. Backward Compatibility 

4.2.1. Functional Compatibility

HT products – or the HT mode of operation in multi-mode products, shall support the following set of amendments to the IEEE 802.11 standard:

.11a or .11g – depending on the frequency range(s) supported.

.11e – QoS, including the WME transitory subset

.11d+h+k – Internationalization, DFS support and radio resource management support

.11i – Security

4.2.2. SAP compatibility

HT products – or the HT mode of operation in multi-mode products -  shall be backwards compatible with existing Wi-Fi devices and software such that the current MAC/SAP functionality is retained with new features and functions required or advantageous for the HT (mode of operation) provided as increments to the existing MAC/SAP definition.

4.2.3. RF Channel Co-existence

The HT mode of operation shall be able to perform the basic IEEE 802.11 CSMA/CA medium access procedures so as to facilitate RF channel co-existence with legacy Wi-Fi products.

Modifications to the basic CSMA/CA procedures are allowed. However, implementation shall be such that fallback to the legacy mode is possible under user control, e.g. with the aid of a network management function. In other words, users should have the option to control the use of the fallback mode.

4.2.4. Medium Sharing in Mixed Mode Operation

Migration and backward compatibility considerations (See also section 4.2.3) dictate that HT capable products can be operated on the same RF channels as today’s Wi-Fi products. In many cases, the locally available channels may be sufficient to allow each type of system to operate on separate channels. 

In other cases, like high density deployments such separation may not be possible. Operating two systems with very different signaling rates and different modulation schemes on the same RF channel typically leads to reduction of performance of both. However, by proper choice of design, the impact can be minimized. In other words, if some stations in a cell switch to the HT mode of operation, the stations that do not do so, should NOT see their performance reduced – irrespective of the transmission rate used by the stations operating in HT mode.

Therefore it is important that HT technology be designed for fair sharing of medium occupancy with legacy Wi-Fi systems irrespective of the transmission rate used by stations  operating in HT mode.

4.3. Regulatory

All HT operating modes shall be compliant with current and emerging regulations affecting Wi-Fi CERTIFIED® products. 

Appendix A: Membership Poll – content and results

The membership poll was conducted towards the begin of September 2003. The attached Excel file contains the questions asked and an analysis of the returns received.
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	Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.


	
	Score
	

	Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)
	1.89
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Highest Importance

	Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)
	3.56
	

	Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)
	3.78
	

	Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home
	4.22
	

	Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)
	4.56
	

	Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing
	4.78
	

	Interactive gaming at home (using local ad-hoc arrangements)
	5.78
	Lowest Importance
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	Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

	
	Average
	

	
	Score
	
	

	Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)
	2.44
	Soonest

	Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)
	3.04
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	Small enterprise (Enclosed office, Meeting room, etc.)
	3.4
	
	

	Single dwelling (House, Apartment, etc.)
	3.56
	
	

	Infrastructure for apartment building, town-house development, etc.
	4.04
	
	

	Outdoor space (Outdoor sport event, Public park, City Square, etc.)
	4.5
	Latest
	


Appendix B:  Product Use Cases

These Use Cases were used as reference for developing the requirements given in section 4. The Use Cases describe many aspects of wireless systems – not all are HT specific.

Editor’s Note: these Appendices are still under review and may be changed in subsequent versions of this MRD.
B.1
Enterprise and SMB Use Cases – Business Market

Environment: Enterprise, Sea of cubicles, Conference rooms, Open areas

Use Case: Conference Room Mobility – Shared Area (cafeteria, waiting areas, etc); Wireless Office Space (temporary or re-configurable), Mixed 802.11 mode environment.

Types of network access:  Email, IM, Net Meeting, Calendar/scheduling, VOIP calls, File back up, Internet Surfing, Printing, VOIP

Types of client devices:  PCs, PDAs, Pocket PCs, Mobile phone (VOIP & information synchronization).

Types of Access Point devices: Stationary, power over Ethernet, external antenna.

Network Load: ~30 to 50 users per access point – similar access times because everyone shows up to the meeting at the same time and logs in.

B1.1 Access Point Features – 

· Traffic Load Handling

· Automatic load balancing between access points: 

· Prevention of one node with a poor channel (SNR) from hogging the air space with many re-tries. 

· Prevention of the reception of a distant client talking to a different AP on the same channel from interfering with the reception of a closer client talking to this AP.  

· Channel re-use protections.  

· High density of users per AP.  Either higher data rate or some other management of the high density situation.  Possibly multiple channels at a time or multiple standards at a time or multiple users at a time.  

· Limited performance effects when operating in a mixed 802.11 standard environment.

· At least Ethernet cable replacement speeds, the effective throughput per user should be at least 80 Mbps.

· Smart balancing of multiple users to maximize perceived speed performance.

· Range

· Automatically adjustable cell sizes to help with handling more users.  

· Larger serviceable ranges to support VOIP calls.  

· Installation and Performance Support/Debug

· Logging of traffic to help IT manager improve the system performance.  Logged data of interest would be number of users over time, types of data, quality of the signal, data rate used, and interference signatures.

· Signal quality indicators to help with installation and performance debug.  

· User Network Access / Security

· Access to public networks for visiting meeting attendees – VPN back to their home company.  

· Backwards compatible to previous standards.  No user intervention to switch to available networks/channels.

· Security of the data stream is key.

· Quality of Service (QOS)

· For VOIP phone calls, QOS as to not interrupt the communication stream.  

· Power Consumption

· AP can be plugged into a wall power socket

· AP could be powered via power over Ethernet (PoE).

· Size and Cost

· Should fit on a mini-PCI card.

B1.2 Client Features – 

· Traffic Load Handling

· Smart selection of available systems – based on traffic loads and signal quality.

· Signal quality indicators to help make decisions about the best AP to associate with.

· At least Ethernet cable replacement speeds, the effective throughput per user should be at least 80 Mbps.

· Range

· Automatic output power levels adjustment according to signal quality or AP settings (country and/or use of pico cells).

· Installation and Performance Support/Debug

· Signal quality indicators to help with installation and performance debug.  

· User Network Access / Security

· Security of the data stream is key.

· Backwards compatible to previous standards.  No user intervention to switch to available networks/channels.

· QOS

· For VOIP applications.

· Power Consumption

· Installation and use of a 802.11n solution should not impact battery life by more than 20%.?

· Power sensitive data rates?

· Size and Cost 

· Less than 10% of the cost of a PDA or cell phone??

· Small enough to embed in a cell phone?? 

B.2
CE Use Cases - Infotainment Market

Environment: Residential (<3400 sq ft, 2-3 floors), Indoor/Outdoor, Vehicle/Home

Use Cases: Mixed 802.11 mode environment.

Class of Services/Applications: 

1. Bulk data transfer:

a. Peak data rate is fundamental (100 Mbps peak)

b. No Jitter/Latency requirements

2. Audio/Video Streaming

a. Max delay: 200 msec

b. Peak data rate

i. Standard MPEG – 4-8 Mbps

ii. High Definition: 20-24 Mbps

iii. DV Camcorder: 27 Mbps (for playback)

c. Latency < 200msec – consistent with human operator response times

3. Interactive Gaming

a. High (=short) latency requirements 

b. Low peak data rate

4. Sensor network

a. Peak data rate is low

b. Low power consumption

Types of network access:  Email, IM, VOIP calls, Bulk transfer, Internet Surfing, Printing, VOIP, A/V Streaming point-point

Types of client devices:  PCs, PDAs, Mobile phone (VOIP & information synchronization), Camcorder, Walkman, Digital Still Camera, tablet, portable DVD, Home Stereo, PlayStation, Wireless LCD TV

Types of Access Point devices: TV Tuner, Stationary, power over Ethernet, external antenna.

Network Load: ~4-6 users per household.

B2.1 Access Point Features – 

· Traffic Load Handling

· Inter AP communication for large local file transfers 

· More inter-band handoff since many CE products might be .11a only and legacy PC centric products will use .11b and .11b/g technology

· At least Ethernet cable replacement speeds, the effective throughput per user should be up to 27 Mbps for streaming and up to 100 Mbps for local file transfer.

· Range 

· From PC to entertainment center (>70 feet and 8+ attenuation through walls/floors – see white paper)

· From PC to car in garage (>70 feet and 38+ attenuation through walls/floors – see white paper)

· Installation and Performance Support/Debug

· AP link requires more robustness since portable products move throughout the home while receiving streaming A/V

· Download/Streaming failures may be more difficult to report on CE devices serving as an AP (e.g., Wireless LCD TV)

· For paired product that operates in a point-point configuration, the installation needs to be simple and almost transparent to the user. 

· Signal quality indicators to help with installation and performance debug.  

· User Network Access / Security

· Setup needs to be consistent with the configurations of other wireless products in the home (e.g., security)

· Backwards compatible to previous standards.  No user intervention to switch to available networks/channels.

· Security of the data stream is key.

· Quality of Service (QoS)

· QoS requirements for uninterrupted A/V streaming

· For VOIP phone calls, QoS as to not interrupt the communication stream.  

· Power Consumption

· AP can be plugged into a wall power socket

· AP could be powered via power over Ethernet (PoE).

B2.2 Client Features – 

· Traffic Load Handling

· Mobile CE device clients moving from one BSS to another:

· Need fast network association (<1 sec) 

· Continuity of operation is critical as CE device moves into areas with less link margin (e.g., camcorder video streaming to TV display, interactive gaming, etc.); 

· As a device moves from room to room, each of which have different A/V sources, the device needs to associate with different APs with little user intervention since user interface of CE device is simple (PDA controlling Wireless LCD TV as a wireless remote)

· Multiple wireless CE devices which rely on a single AP also need to have alternate paths to exchange files, possibly multi-hop to enable communication in the event that the AP fails

· Smart selection of available systems – based on traffic loads and signal quality.

· Signal quality indicators to help make decisions about the best AP to associate with.

· At least Ethernet cable replacement speeds, the effective throughput per user should be 100 Mbps.

· Range

· Assumes house has worst case distance of 70 feet and through 3 floors (total attenuation through flooring/wall material of 8-10 dB)

· Installation and Performance Support/Debug

· Signal quality indicators to help with installation and performance debug.  

· User Network Access / Security

· User transparent access as CE device needs to access different BSS

· Security of the data stream is key.

· Backwards compatible to previous standards.  No user intervention to switch to available networks/channels.

· QOS

· For A/V streaming

· For VOIP applications.

· Power Consumption

· Goal should be not to impact battery life by more than 10% 

· Size and Cost 

· No more than 10% of the cost of a PDA or cell phone

· OOB requirements:

Zero Configuration and automatic network association and authentication (no IP address setting, no default gateway setting, no WEP/PSK key setting, no BSS SSID selection, etc.)

B.3
Service (Provider) Use Cases

Environment: Hotspot, Indoor or outdoor, typically large open spaces.

Use Cases: Mixed 802.11 mode environment.

Class of Services/Applications: 

1. Bulk data transfer:

a. Peak data rate  = 10 Mbps (is > 5 times better than 3G/UMTS)

b. Reliable delivery is more important than high speed 

c. No Jitter/Latency requirements

2. Audio/Video Streaming

a. Peak data rate: = Standard MPEG4 : 1-4 Mbps

b. Jitter requirements < 1 msec

c. Loss rate < 5 %

d. No latency requirements

3. Voice over IP

a. Peak data rate: = 150 Kb/s

b. Jitter < 10 msec

c. Loss rate < 5 %

d. Latency < 50 msec

4. Interactive Gaming

a. Low peak data rate (<1 Mb/s)

b. Loss rate < 5%

c. High latency requirements (< 50 msec)

Types of network access:  Email, IM, VOIP calls,  Internet Surfing,  VOIP, A/V Streaming point-point

Types of client devices:  notebook PCs, tablet PC, eBook,  PDAs, Mobile Phone

Types of Access Point devices: TV Tuner, Stationary, power over Ethernet, external antenna

Network Load: typical: 30 active users per cell of 100 m radius; peak may reach 300 users/cell

B3.1 Access Point Features – 

· Traffic Load Handling

· Scalable performance: to accommodate large variations in user density per cell

· Range

· Typical 200m at lowest acceptable data rate –5Mb/s

· Or 100 m at typical data rate  - 10Mb/s

· Installation and Performance Support/Debug

· Auto channel select and optimization of throughput through dynamic channel choice

· On-line management through WEB or IP backbone

· Signal quality indicators to help with installation and performance debug. 

· User Network Access / Security

· Conform WPA and successors

· Backwards compatible to previous standards.  No user intervention to switch to available networks/channels.

· Security of the data stream is key.

· Quality of Service (QoS)

· QoS requirements for low to medium rate A/V streaming

· For VOIP phone calls, QoS as to not interrupt the communication stream.  

· Power Consumption

· AP could be powered via power over Ethernet (PoE).

B3.2 Client Features – 

· Traffic Load Handling

· Mobile device clients moving from one BSS to another:

· Need fast network association (<1 sec) 

· Continuity of operation is critical as CE device move into areas with less link margin (e.g. airports, bridges, railway station tunnels, etc.); 

· Smart selection of available service providers (APs) – based on traffic loads and signal quality.

· Range/Environment

· Indoor: large indoor spaces, interconnected, many reflecting surfaces, interference from electric equipment

· Installation and Performance Support/Debug

· Automatic installation on PCs and PDAs.  

· User Network Access / Security

· WPA compliant

· User transparent 

· Security of the data stream is key.

· Backwards compatible to previous standards.  No user intervention to switch to available networks/channels.

· QOS

· For A/V streaming

· For VOIP applications.

· Power Consumption

· Installation and use of a 802.11n solution should not impact battery life by more than 10%

· Size and Cost 

· No more than 10% of the cost of a PDA or cell phone

· OOB requirements: 

Minimal configuration and automatic network association and authentication (no IP address setting, no default gateway setting, manual WEP/PSK key setting only incidentally – e.g. at when setting up contract, no manual BSS SSID selection, etc.)

Appendix C: Performance Requirements Analysis

C.1 Applications and Operational considerations

C.1.1 Definitions 

The following definitions will be interpreted as defined in the IEEE 802.11-03/355r4 document.

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

Environment – The type of place a WLAN system is deployed in.  

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 one or more applications in a deployment environment with details regarding the user activity and both sides of the 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.

C.1.2 Target Markets

See section 3.1 of the main document

C.1.3 Applications

See Section 3.2 of the main document

C.1.4 Traffic Flow – up/down ratio

Each application has its own characteristic traffic pattern in terms for flow rate, granularity, continuity and up/down ratio. The latter has a significant impact on the requirements for the MAC and PHY for HT systems. 

A common element in nearly all applications is a sizable asymmetry between up and down traffic volumes: in general the information flow for any client device is towards the user – rather than towards the network or information source. The ratio ranges from 1/1 for file oriented information processing and VoIP calls, via 1/10 or more for Internet access, Video conferencing and email to 1/100 for video viewing. A lot of this low rate “up link” traffic can be called “back flow” that contains little or no application data but serves to control the down link data flow.

In this document we assume a conservative 1/4 ratio for up/down ratio. 

In the performance analysis this is not visible because only overall capacity is considered. In fact the “back flow is conveniently ignored. 

C.1.5 Network topologies

Networks may take a variety of forms from pure cellular to randomly connected, multi-hop mesh.

The network type has a large impact on the performance and economics of wireless networking: a cellular network composed of BSS’s that operate on separate RF channels has a performance profile (throughput, coverage, robustness) that is skewed towards coverage and robustness whereas an isolated, decentralized mesh network needs high throughput to avoid the cost of multiple radios per device. Rolf may want to change this further.

Further background material is provided in Appendix B2.2.

C.1.6 Environments

 See section 3.3 of the main body

C.1.7 Spectrum Capacity and Re-use Considerations

HT technology should significantly improve the user experience.  In order to understand the implications of this broad statement, it is necessary not only to understand the applications and the environments in which the HT technology is used, but it is also necessary to understand how spectrum usage and sharing affect the performance of a user device in a given situation.

Note: 
the following applies to current Wi-Fi systems and systems similar to these. Technologies like MIMO and beamforming change this picture considerable but such changes are outside the scope of this document.

Data rate (and therefore modulation) has a large impact on range as well as on spectrum re-use.  In fact the latter impact is roughly the square of the range impact.  See the figure below. The height of green stacks indicate the data rate, the diameter is a given operating range (or distance between Access Points). The red circles indicate the area in which the same frequency cannot be re-used without reducing the performance achievable in the green operating area.


[image: image7]
The impact of the “re-use exclusion zone” around every Access Point becomes visible in deployments where the number of RLAN cells exceeds the number of RF channels available. Some or all RF channels may be re-used and all channels affected suffer reduction of performance. This is shown in the figure below. Cell size is kept at a constant 15 m radius and the total capacity over all cells is calculated for deployments of 9, 27, and 54 cells in an indoor environment.


[image: image8]
For outdoor environment, the picture is similar but the parameters differ: the re-use distance increases as the propagation becomes less subject to attenuation.

C.2 Usage Models

This section abstracts the essential parameters that should drive technology selection: data rate, coverage and robustness.  The Usage Models given here for each market are derived from detailed spreadsheet calculations given in Annex C3. In these Usage Model summaries the data given by the Use Cases has been mapped to two sets of  performance numbers: a “minimum” that would meet market needs for the near future and an “ideal” that achieves the same level of performance at lower cost (by more throughput or better range). The difference between ideal and minimum requirements is less than the difference between peak and average loads in the Use Cases. 

Note: 
the re-use distance figures given express the relative distance separation required to achieve full cell throughput on the same RF channel. In terms of cell diameters, a re-use distance of 3 means that two cells must be separated by at least 2 cells operating on other channels. Etc.

C.2.1 Usage Model 1 – Home Infotainment

	UM-1
	
	Comment

	Contributing Cases
	Domestic -1 through -3 
	

	Requirements 
	Minimal
	Ideal
	

	Network Type(s)
	Mixed BSS
	Any
	

	Throughput per RF channel 
	50 Mb/s per RF channel
	100 Mb/s (rounded up from 87 Mb/s)
	The minimal requirement comes down to allowing a large house to be covered with two RF channels that together provide the capacity needed

	Coverage (m)
	15 
	20 
	Coverage should be homogeneous 

	Robustness (re-use distance ratio)
	4:1
	3:1
	


 C.2.2  Usage Model 2 – Business Systems

	UM-2
	
	Comment

	Contributing Cases
	Business -1 through -4 
	

	Requirements 
	Minimal
	Ideal
	

	Network Type(s)
	BSS
	BSS
	

	Throughput per RF channel 
	50 Mb/s 
	100 Mb/s 

(rounded up from 90 Mb/s)
	The minimum requirement allows twice the number of APs to be deployed to meet the maximum capacity required. 

	Coverage (m)
	15 
	20 
	Range, coverage must be homogeneous

	Robustness (re-use distance ratio)
	4:1
	3:1
	


C.2.3  Usage Model 3 - Services

	UM-3
	
	Comment

	Contributing Cases
	Services -1 and -2
	

	Requirements
	Minimal
	Ideal
	

	Network Type(s)
	BSS
	BSS
	

	Throughput per RF Channel
	25 Mb/s 
	50 Mb/s rounded up from 45 Mb/s)
	The minimum requirement allows twice the number of APs to be deployed to meet the maximum capacity required.

	Coverage (m)
	100 
	200 
	Coverage should be homogenous below 50 m.

	Robustness (re-use distance ratio)
	3:1
	2:1
	Multi-operator environments require high robustness 


C.3 Performance Use Cases – per target market

The following are sets of use cases that focus on the performance aspects; various subsets make up Usage Models that share the propagation conditions as common factor. These are developed in the next section.

For each use case, a set of applications is selected from the Table in section 3.2 and percentages of use are chosen. 

The average % of use reflects the percentage of time over some large period – e.g. over a day– that the application is actually being used. 

The peak percentage reflects highest percentage of use over a smaller period, e.g. an hour or less. The latter values determine the overall throughput required to meet “peak” demand. 

The percentages do not add up to 100 because they reflect the percentage of  time, not percentage of  time that the applications are actually used.

Non-real time applications can easily share available capacity – response time lengthens as the medium becomes heavier used. Real time applications – typically using QoS settings – do not allow this: their required throughput must be sustained. For these applications, exceptions are indicated in the spreadsheets (for AV1 and AV2).

C.3.1 Infotainment Use Cases

These use cases focus on the consumer use of wireless technology.

These tables work as follows: 

- the row throughput –peak/user is taken from the Reference Applications given in section 3.2

- the row throughput- per cell nominal is calculated by multiplying the number of users, the peak percentage of usage and the peak throughput for each application and summing the results.

	Use Case
	Domestic 1 - Suburban  Home
	

	Environment
	Typical upper middle class house
	

	Deployment scale
	Small – few cells, one isolated  building
	

	User density
	Typical = 4, range is 2 to 8
	

	Typical Cell Size
	20 m radius
	



[image: image9.emf]Nr of users/cell 4

Applications AV-1 AV-2 Interactive-1 Bulk Total, all 

applications

% of time, avg 20 15 20 5 n.a.

% of time, peak 40 20 20 20 n.a.

Thruput – peak/user 25 6 2 30 n.a.

Thruput per cell, 

nominal

50 12 1.6 24 87.6


	Use Case
	Domestic 2 - Dense Housing
	

	Environment
	Typical Apartment
	

	Deployment scale
	Small – few cells, but concatenated building(s)
	

	User density
	Typical = 4, range is 1 to 6
	

	Typical Cell Size
	10 m radius
	



[image: image10.emf]Nr of users/cell 4

Applications AV-1 AV-2 Interactive-1 Bulk Total, all 

applications

% of time, avg 20 15 20 5 n.a.

% of time, peak 40 20 20 20 n.a.

Thruput – peak/user 25 12 2 30 n.a.

Thruput per cell, 

nominal

50 12 1.6 24 87.6


	Use Case
	Domestic 3  - Outdoor/Garden
	

	Environment
	Around the house / adjacent public space
	

	Deployment scale
	Large – lots of cells in an area
	

	User density
	Low – 1-8 per BSS, mean = 2 
	

	Typical Cell Size
	30 m
	



[image: image11.emf]Nr of users/cell 2

Applications AV-1 AV-2 Interactive-1 Bulk Total, all 

applications

% of time, avg 10 15 20 5 n.a.

% of time, peak 10 30 20 20 n.a.

Thruput – peak/user 25 6 2 30 n.a.

Thruput per cell, 

nominal

25 6 0.8 12 43.8


C.3.2 Business Use Cases

These tables work slightly differently: because the load of the AV applications is less than the data traffic load, the assumption is made that the throughput required is the maximum of the sum of the AV loads and the other loads. In these use cases the bulk data transfer dominates the outcome.

	Use Case
	Business 1 - Large Enterprise
	

	Environment
	Large scale office, open spaces, cafeteria; isolated building
	

	Deployment scale
	Large, > 50 AP
	

	User density
	Typical = 30/cell, range is 15 to 45
	

	Typical Cell Size
	15 m radius
	



[image: image12.emf]Nr of users/cell 30

Reference 

Applications

Interactive-1 Interactive-2 AV-3 Bulk Total, all 

applications

% of time, avg 5 15 5 5 n.a.

% of time, peak 20 20 10 10 n.a.

Thruput – peak/user 2 0.2 10 30 n.a.

Thruput per cell, 

nominal

12 1.2 30 90 90


	Use Case
	Business 2 - Small Enterprise
	

	Environment
	Small offices, conference rooms; isolated building
	

	Deployment size
	small < 10 AP
	

	User density
	Typical = 30/cell, range is 15 to 45
	

	Typical Cell Size
	15 m radius
	



[image: image13.emf]Nr of users/cell 30

Reference 

Applications

Interactive-1 Interactive-2 AV-3 Bulk Total, all 

applications

% of time, avg 5 15 5 5 n.a.

% of time, peak 20 20 10 10 n.a.

Thruput – peak/user 2 0.2 10 30 n.a.

Thruput per cell, 

nominal

12 1.2 30 90 90


	Use Case
	Business 3 - Large Facility
	

	Environment
	Factory, Convention Center, etc
	

	Deployment scale
	Large, > 50 AP
	

	User density
	Typical = 10/cell, range is 5 to 30
	

	Typical Cell Size
	30 m radius
	



[image: image14.emf]Nr of users/cell 30

Reference 

Applications

Interactive-1 Interactive-2 AV-3 Bulk Total, all 

applications

% of time, avg 5 5 2 2 n.a.

% of time, peak 10 10 5 5 n.a.

Thruput – peak/user 2 0.2 10 30 n.a.

Thruput per cell, 

nominal

6 0.6 15 45 45


	Use Case
	Business 4 - Shared Facilities
	

	Environment
	Semi-open office, small conference rooms; shared building; 
	

	Deployment scale
	Medium – 10 to 30 APs
	

	User density
	Typical = 30/cell, range is 15 to 45
	

	Typical Cell Size
	15 m radius
	



[image: image15.emf]Nr of users/cell 20

Reference 

Applications

Interactive-1 Interactive-2 AV-3 Bulk Total, all 

applications

% of time, avg 5 15 5 5 n.a.

% of time, peak 20 20 10 10 n.a.

Thruput – peak/user 2 0.2 10 30 n.a.

Thruput per cell, 

nominal

8 0.8 20 60 60


C.3.3 Service Use Cases

These Use Cases describe the typical use by service providers.

	Use Case
	Service 1 - Indoor hotspot
	

	Environment
	Large indoor space – convention center, airport, etc
	

	Deployment scale
	Large, > 50 APs
	

	User density
	Typical = 30/cell, range is 15 to 45
	

	Typical Cell Size
	100 m. See note below. 
	



[image: image16.emf]Nr of users/cell 30

Reference 

Applications

Interactive-1 Interactive-2 AV-3 Bulk Total, all 

applications

% of time, avg 5 10 0 2 n.a.

% of time, peak 10 20 10 5 n.a.

Thruput – peak/user 2 0.2 10 30 n.a.

Thruput per cell, 

nominal

6 1.2 30 45 45


	Use Case
	Service 2  - Outdoor hotspot
	

	Environment
	Outdoor, hotspots etc.– convention center, airport, etc
	

	Deployment scale
	Large, > 50 APs
	

	User density
	Typical = 30/cell, range is 15 to 45
	

	Typical Cell Size
	200 m. See note below.
	



[image: image17.emf]Nr of users/cell 30

Reference 

Applications

Interactive-1 Interactive-2 AV-3 Bulk Total, all 

applications

% of time, avg 5 10 5 2 n.a.

% of time, peak 10 20 10 5 n.a.

Thruput – peak/user 2 0.2 10 30 n.a.

Thruput per cell, 

nominal

6 1.2 30 45 45


Note: This may have to be far less for really high density with heavy applications. However, this can be addressed by putting in more access points.
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Sheet1

		Nr of users/cell		30

		Reference Applications		Interactive-1		Interactive-2		AV-3		Bulk		Total, all applications

		% of time, avg		5		15		5		5		n.a.

		% of time, peak		20		20		10		10		n.a.

		Thruput – peak/user		2		0.2		10		30		n.a.

		Thruput per cell, nominal		12		1.2		30		90		90
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_1130232137.xls
Q1

		IC Developer

		CE Manufacturer

		PC-OEM

		Network Equipment Provider

		Other



Please describe your company's primary function (more than one may apply):

10

4

4

24

6



Q2 A

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

19

17

5

0



Q2 B

		More is better

		To reduce congestion

		To accommodate applications that require it

		More reliable communication



Why might your company expect higher throughput/data rates?

8

4

24

5



Q2 C

		Yes

		No



Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

33

8



Q3

		

				3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

						Score

				Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		1.89		Highest Importance

				Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		3.56

				Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		3.78

				Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home		4.22

				Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)		4.56

				Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		4.78

				Interactive gaming at home (using local ad-hoc arrangements)		5.78		Lowest Importance





Q4

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company see the need for more than one Access Point in the home, each for different applications?

8

15

12

4



Q5

		Yes

		No



Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

25

16



Q6

		

				6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

						Average

						Score

				Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		2.44		Soonest

				Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		3.04

				Small enterprise (Enclosed office, Meeting room, etc.)		3.4

				Single dwelling (House, Apartment, etc.)		3.56

				Infrastructure for apartment building, town-house development, etc.		4.04

				Outdoor space (Outdoor sport event, Public park, City Square, etc.)		4.5		Latest





Results

		Higher Data Rate Poll - August 2003

		1.  What is your company's primary function?

		IC Developer		10

		CE Manufacturer		4

		PC-OEM		4

		Network Equipment Provider		24

		Other		6

		n=		48

		2.  (a) When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

		< 2 years		19

		2 - 4 years		17

		4 - 6 years		5

		> 6 years		0

		n=		41

		(b) Why might your company expect higher throughput/data rates?

		More is better		8

		To reduce congestion		4

		To accommodate applications that require it		24

		More reliable communication		5

		n=		41

		(c) Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

		Yes		33

		No		8

		n=		41

		3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

				1		2		3		4		5		6		7		n= 9

		Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)				2		2		1				1		3

		Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		2				1		5						1

		Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home				2		1		1		3		2

		Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		5		1		2		1

		Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		1						2		3		2		1

		Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		1		3		1				1		2		1

		Interactive gaming at home (using local ad-hoc arrangements)						1		1		1		2		4

		4.  When does your company see the need for more than one Access Point in the home, each for different applications? (e.g., one AP for the PC and one for consumer applications such as Set-Top-Box)

		< 2 years		8

		2 - 4 years		15

		4 - 6 years		12

		> 6 years		4

		n=		39

		5.  Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

		Yes		25

		No		16

		n=		41

		6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

				1		2		3		4		5		6		n= 25

		Small enterprise (Enclosed office, Meeting room, etc.)		1		6		6		8		2		2

		Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		12		4		1		3		4		1

		Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		4		7		4		6		2		2

		Outdoor space (Outdoor sport event, Public park, City Square, etc.)		2		1		1		6		7		7

		Single dwelling (House, Apartment, etc.)		7		3		4		1				10

		Infrastructure for apartment building, town-house development, etc.				5		6		1		9		4
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Please describe your company's primary function (more than one may apply):
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Q2 A

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

19

17

5

0



Q2 B

		More is better

		To reduce congestion

		To accommodate applications that require it

		More reliable communication



Why might your company expect higher throughput/data rates?

8

4

24

5



Q2 C

		Yes

		No



Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

33

8



Q3

		

				3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

						Score

				Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		1.89		Highest Importance

				Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		3.56

				Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		3.78

				Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home		4.22

				Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)		4.56

				Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		4.78

				Interactive gaming at home (using local ad-hoc arrangements)		5.78		Lowest Importance





Q4

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company see the need for more than one Access Point in the home, each for different applications?

8

15
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4



Q5

		Yes

		No



Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

25

16



Q6

		

				6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

						Average

						Score

				Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		2.44		Soonest

				Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		3.04

				Small enterprise (Enclosed office, Meeting room, etc.)		3.4

				Single dwelling (House, Apartment, etc.)		3.56

				Infrastructure for apartment building, town-house development, etc.		4.04

				Outdoor space (Outdoor sport event, Public park, City Square, etc.)		4.5		Latest





Results

		Higher Data Rate Poll - August 2003

		1.  What is your company's primary function?

		IC Developer		10

		CE Manufacturer		4

		PC-OEM		4

		Network Equipment Provider		24

		Other		6

		n=		48

		2.  (a) When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

		< 2 years		19

		2 - 4 years		17

		4 - 6 years		5

		> 6 years		0

		n=		41

		(b) Why might your company expect higher throughput/data rates?

		More is better		8

		To reduce congestion		4

		To accommodate applications that require it		24

		More reliable communication		5

		n=		41

		(c) Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

		Yes		33

		No		8

		n=		41

		3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

				1		2		3		4		5		6		7		n= 9

		Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)				2		2		1				1		3

		Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		2				1		5						1

		Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home				2		1		1		3		2

		Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		5		1		2		1

		Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		1						2		3		2		1

		Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		1		3		1				1		2		1

		Interactive gaming at home (using local ad-hoc arrangements)						1		1		1		2		4

		4.  When does your company see the need for more than one Access Point in the home, each for different applications? (e.g., one AP for the PC and one for consumer applications such as Set-Top-Box)

		< 2 years		8

		2 - 4 years		15

		4 - 6 years		12

		> 6 years		4

		n=		39

		5.  Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

		Yes		25

		No		16

		n=		41

		6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

				1		2		3		4		5		6		n= 25

		Small enterprise (Enclosed office, Meeting room, etc.)		1		6		6		8		2		2

		Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		12		4		1		3		4		1

		Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		4		7		4		6		2		2

		Outdoor space (Outdoor sport event, Public park, City Square, etc.)		2		1		1		6		7		7

		Single dwelling (House, Apartment, etc.)		7		3		4		1				10

		Infrastructure for apartment building, town-house development, etc.				5		6		1		9		4
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Please describe your company's primary function (more than one may apply):

10

4

4

24

6



Q2 A

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

19

17

5

0



Q2 B

		More is better

		To reduce congestion

		To accommodate applications that require it

		More reliable communication



Why might your company expect higher throughput/data rates?

8

4

24

5



Q2 C

		Yes

		No



Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

33

8



Q3

		

				3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

						Score

				Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		1.89		Highest Importance

				Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		3.56

				Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		3.78

				Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home		4.22

				Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)		4.56

				Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		4.78

				Interactive gaming at home (using local ad-hoc arrangements)		5.78		Lowest Importance





Q4

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company see the need for more than one Access Point in the home, each for different applications?

8

15

12

4



Q5

		Yes

		No



Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

25

16



Q6

		

				6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

						Average

						Score

				Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		2.44		Soonest

				Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		3.04

				Small enterprise (Enclosed office, Meeting room, etc.)		3.4

				Single dwelling (House, Apartment, etc.)		3.56

				Infrastructure for apartment building, town-house development, etc.		4.04

				Outdoor space (Outdoor sport event, Public park, City Square, etc.)		4.5		Latest





Results

		Higher Data Rate Poll - August 2003

		1.  What is your company's primary function?

		IC Developer		10

		CE Manufacturer		4

		PC-OEM		4

		Network Equipment Provider		24

		Other		6

		n=		48

		2.  (a) When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

		< 2 years		19

		2 - 4 years		17

		4 - 6 years		5

		> 6 years		0

		n=		41

		(b) Why might your company expect higher throughput/data rates?

		More is better		8

		To reduce congestion		4

		To accommodate applications that require it		24

		More reliable communication		5

		n=		41

		(c) Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

		Yes		33

		No		8

		n=		41

		3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

				1		2		3		4		5		6		7		n= 9

		Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)				2		2		1				1		3

		Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		2				1		5						1

		Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home				2		1		1		3		2

		Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		5		1		2		1

		Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		1						2		3		2		1

		Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		1		3		1				1		2		1

		Interactive gaming at home (using local ad-hoc arrangements)						1		1		1		2		4

		4.  When does your company see the need for more than one Access Point in the home, each for different applications? (e.g., one AP for the PC and one for consumer applications such as Set-Top-Box)

		< 2 years		8

		2 - 4 years		15

		4 - 6 years		12

		> 6 years		4

		n=		39

		5.  Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

		Yes		25

		No		16

		n=		41

		6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

				1		2		3		4		5		6		n= 25

		Small enterprise (Enclosed office, Meeting room, etc.)		1		6		6		8		2		2

		Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		12		4		1		3		4		1

		Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		4		7		4		6		2		2

		Outdoor space (Outdoor sport event, Public park, City Square, etc.)		2		1		1		6		7		7

		Single dwelling (House, Apartment, etc.)		7		3		4		1				10

		Infrastructure for apartment building, town-house development, etc.				5		6		1		9		4
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Please describe your company's primary function (more than one may apply):
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Q2 A

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

19

17

5

0



Q2 B

		More is better

		To reduce congestion

		To accommodate applications that require it

		More reliable communication



Why might your company expect higher throughput/data rates?

8

4

24

5



Q2 C

		Yes

		No



Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

33

8



Q3

		

				3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

						Score

				Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		1.89		Highest Importance

				Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		3.56

				Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		3.78

				Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home		4.22

				Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)		4.56

				Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		4.78

				Interactive gaming at home (using local ad-hoc arrangements)		5.78		Lowest Importance





Q4

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company see the need for more than one Access Point in the home, each for different applications?

8

15

12

4



Q5

		Yes

		No



Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

25

16



Q6

		

				6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

						Average

						Score

				Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		2.44		Soonest

				Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		3.04

				Small enterprise (Enclosed office, Meeting room, etc.)		3.4

				Single dwelling (House, Apartment, etc.)		3.56

				Infrastructure for apartment building, town-house development, etc.		4.04

				Outdoor space (Outdoor sport event, Public park, City Square, etc.)		4.5		Latest





Results

		Higher Data Rate Poll - August 2003

		1.  What is your company's primary function?

		IC Developer		10

		CE Manufacturer		4

		PC-OEM		4

		Network Equipment Provider		24

		Other		6

		n=		48

		2.  (a) When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

		< 2 years		19

		2 - 4 years		17

		4 - 6 years		5

		> 6 years		0

		n=		41

		(b) Why might your company expect higher throughput/data rates?

		More is better		8

		To reduce congestion		4

		To accommodate applications that require it		24

		More reliable communication		5

		n=		41

		(c) Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

		Yes		33

		No		8

		n=		41

		3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

				1		2		3		4		5		6		7		n= 9

		Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)				2		2		1				1		3

		Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		2				1		5						1

		Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home				2		1		1		3		2

		Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		5		1		2		1

		Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		1						2		3		2		1

		Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		1		3		1				1		2		1

		Interactive gaming at home (using local ad-hoc arrangements)						1		1		1		2		4

		4.  When does your company see the need for more than one Access Point in the home, each for different applications? (e.g., one AP for the PC and one for consumer applications such as Set-Top-Box)

		< 2 years		8

		2 - 4 years		15

		4 - 6 years		12

		> 6 years		4

		n=		39

		5.  Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

		Yes		25

		No		16

		n=		41

		6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

				1		2		3		4		5		6		n= 25

		Small enterprise (Enclosed office, Meeting room, etc.)		1		6		6		8		2		2

		Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		12		4		1		3		4		1

		Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		4		7		4		6		2		2

		Outdoor space (Outdoor sport event, Public park, City Square, etc.)		2		1		1		6		7		7

		Single dwelling (House, Apartment, etc.)		7		3		4		1				10

		Infrastructure for apartment building, town-house development, etc.				5		6		1		9		4
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Please describe your company's primary function (more than one may apply):
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Q2 A

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

19

17

5

0



Q2 B

		More is better

		To reduce congestion

		To accommodate applications that require it

		More reliable communication



Why might your company expect higher throughput/data rates?

8

4

24

5



Q2 C

		Yes

		No



Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

33

8



Q3

		

				3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

						Score

				Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		1.89		Highest Importance

				Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		3.56

				Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		3.78

				Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home		4.22

				Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)		4.56

				Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		4.78

				Interactive gaming at home (using local ad-hoc arrangements)		5.78		Lowest Importance





Q4

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company see the need for more than one Access Point in the home, each for different applications?

8

15
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4



Q5

		Yes

		No



Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

25

16



Q6

		

				6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

						Average

						Score

				Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		2.44		Soonest

				Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		3.04

				Small enterprise (Enclosed office, Meeting room, etc.)		3.4

				Single dwelling (House, Apartment, etc.)		3.56

				Infrastructure for apartment building, town-house development, etc.		4.04

				Outdoor space (Outdoor sport event, Public park, City Square, etc.)		4.5		Latest





Results

		Higher Data Rate Poll - August 2003

		1.  What is your company's primary function?

		IC Developer		10

		CE Manufacturer		4

		PC-OEM		4

		Network Equipment Provider		24

		Other		6

		n=		48

		2.  (a) When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

		< 2 years		19

		2 - 4 years		17

		4 - 6 years		5

		> 6 years		0

		n=		41

		(b) Why might your company expect higher throughput/data rates?

		More is better		8

		To reduce congestion		4

		To accommodate applications that require it		24

		More reliable communication		5

		n=		41

		(c) Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

		Yes		33

		No		8

		n=		41

		3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

				1		2		3		4		5		6		7		n= 9

		Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)				2		2		1				1		3

		Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		2				1		5						1

		Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home				2		1		1		3		2

		Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		5		1		2		1

		Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		1						2		3		2		1

		Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		1		3		1				1		2		1

		Interactive gaming at home (using local ad-hoc arrangements)						1		1		1		2		4

		4.  When does your company see the need for more than one Access Point in the home, each for different applications? (e.g., one AP for the PC and one for consumer applications such as Set-Top-Box)

		< 2 years		8

		2 - 4 years		15

		4 - 6 years		12

		> 6 years		4

		n=		39

		5.  Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

		Yes		25

		No		16

		n=		41

		6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

				1		2		3		4		5		6		n= 25

		Small enterprise (Enclosed office, Meeting room, etc.)		1		6		6		8		2		2

		Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		12		4		1		3		4		1

		Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		4		7		4		6		2		2

		Outdoor space (Outdoor sport event, Public park, City Square, etc.)		2		1		1		6		7		7

		Single dwelling (House, Apartment, etc.)		7		3		4		1				10

		Infrastructure for apartment building, town-house development, etc.				5		6		1		9		4
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		Nr of users/cell		30

		Reference Applications		Interactive-1		Interactive-2		AV-3		Bulk		Total, all applications

		% of time, avg		5		10		5		2		n.a.

		% of time, peak		10		20		10		5		n.a.

		Thruput – peak/user		2		0.2		10		30		n.a.

		Thruput per cell, nominal		6		1.2		30		45		45
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_1129490216.bin

_1130230654.xls
Q1

		IC Developer

		CE Manufacturer

		PC-OEM

		Network Equipment Provider

		Other



Please describe your company's primary function (more than one may apply):

10

4

4

24

6



Q2 A

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

19

17

5

0



Q2 B

		More is better

		To reduce congestion

		To accommodate applications that require it

		More reliable communication



Why might your company expect higher throughput/data rates?

8

4

24

5



Q2 C

		Yes

		No



Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

33

8



Q3

		

				3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

						Score

				Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		1.89		Highest Importance

				Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		3.56

				Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		3.78

				Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home		4.22

				Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)		4.56

				Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		4.78

				Interactive gaming at home (using local ad-hoc arrangements)		5.78		Lowest Importance





Q4

		< 2 years

		2 - 4 years

		4 - 6 years

		> 6 years



When does your company see the need for more than one Access Point in the home, each for different applications?

8

15

12

4



Q5

		Yes

		No



Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

25

16



Q6

		

				6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

						Average

						Score

				Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		2.44		Soonest

				Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		3.04

				Small enterprise (Enclosed office, Meeting room, etc.)		3.4

				Single dwelling (House, Apartment, etc.)		3.56

				Infrastructure for apartment building, town-house development, etc.		4.04

				Outdoor space (Outdoor sport event, Public park, City Square, etc.)		4.5		Latest





Results

		Higher Data Rate Poll - August 2003

		1.  What is your company's primary function?

		IC Developer		10

		CE Manufacturer		4

		PC-OEM		4

		Network Equipment Provider		24

		Other		6

		n=		48

		2.  (a) When does your company expect the WLAN marketplace to need a user throughput of higher than 100 Mbps?

		< 2 years		19

		2 - 4 years		17

		4 - 6 years		5

		> 6 years		0

		n=		41

		(b) Why might your company expect higher throughput/data rates?

		More is better		8

		To reduce congestion		4

		To accommodate applications that require it		24

		More reliable communication		5

		n=		41

		(c) Should backwards compatibility inside the band that the new technology operates be a priority (e.g., with 802.11a, b, and/or g)?

		Yes		33

		No		8

		n=		41

		3.  Order each of the following applications from 1 (highest) to 7 (lowest) according to its importance in the marketplace over the next 3 - 5 years.

				1		2		3		4		5		6		7		n= 9

		Netmeeting with A/V features in a conference room/classrom (audio could be Voice-over-IP)				2		2		1				1		3

		Multiple high quality A/V streams in the home (e.g., SD, HDTV, etc.)		2				1		5						1

		Music or video file transfers between portable devices (e.g., transfer CD/DVD content from one media storage device to another) in the home				2		1		1		3		2

		Interfacing to wirelessly-enabled mobile computing devices (notebooks, PDAs, etc.)		5		1		2		1

		Interfacing Consumer Electronic devices (camera, media player, etc) to TV/display for viewing		1						2		3		2		1

		Voice over IP (VoIP) in the enterprise (as replacement of analog phoes)		1		3		1				1		2		1

		Interactive gaming at home (using local ad-hoc arrangements)						1		1		1		2		4

		4.  When does your company see the need for more than one Access Point in the home, each for different applications? (e.g., one AP for the PC and one for consumer applications such as Set-Top-Box)

		< 2 years		8

		2 - 4 years		15

		4 - 6 years		12

		> 6 years		4

		n=		39

		5.  Should a high throughput capability for IEEE 802.11 be suitable for outdoor backhaul as a last mile solution (point-to-point/multipoint)?

		Yes		25

		No		16

		n=		41

		6.  Order the following environments according to when any given one will need a high throughput capability first in the marketplace - order them from 1 (soonest) - 6 (latest).

				1		2		3		4		5		6		n= 25

		Small enterprise (Enclosed office, Meeting room, etc.)		1		6		6		8		2		2

		Large enterprise (Large conference room, Shared office space, Sea of cubes (30 - 500), etc.)		12		4		1		3		4		1

		Hotspot (Airport, Library, Convention Center, Shopping mall, etc.)		4		7		4		6		2		2

		Outdoor space (Outdoor sport event, Public park, City Square, etc.)		2		1		1		6		7		7

		Single dwelling (House, Apartment, etc.)		7		3		4		1				10

		Infrastructure for apartment building, town-house development, etc.				5		6		1		9		4
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Sheet1

		Nr of users/cell		30

		Reference Applications		Interactive-1		Interactive-2		AV-3		Bulk		Total, all applications

		% of time, avg		5		10		0		2		n.a.

		% of time, peak		10		20		10		5		n.a.

		Thruput – peak/user		2		0.2		10		30		n.a.

		Thruput per cell, nominal		6		1.2		30		45		45
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_1129459442.xls
Sheet1

		Nr of users/cell		4

		Applications		AV-1		AV-2		Interactive-1		Bulk		Total, all applications

		% of time, avg		20		15		20		5		n.a.

		% of time, peak		40		20		20		20		n.a.

		Thruput – peak/user		25		6		2		30		n.a.

		Thruput per cell, nominal		50		12		1.6		24		87.6



Jan Kruys (jkruys):
use 50 here - must accommodate 2 parallel session

Jan Kruys (jkruys):
use 12 here - must cover 2 sessions in parallel
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_1129459758.xls
Sheet1

		Nr of users/cell		30

		Reference Applications		Interactive-1		Interactive-2		AV-3		Bulk		Total, all applications

		% of time, avg		5		5		2		2		n.a.

		% of time, peak		10		10		5		5		n.a.

		Thruput – peak/user		2		0.2		10		30		n.a.

		Thruput per cell, nominal		6		0.6		15		45		45





Sheet2

		





Sheet3

		






_1129459763.xls
Sheet1

		Nr of users/cell		20

		Reference Applications		Interactive-1		Interactive-2		AV-3		Bulk		Total, all applications

		% of time, avg		5		15		5		5		n.a.

		% of time, peak		20		20		10		10		n.a.

		Thruput – peak/user		2		0.2		10		30		n.a.

		Thruput per cell, nominal		8		0.8		20		60		60
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Sheet1

		Nr of users/cell		2

		Applications		AV-1		AV-2		Interactive-1		Bulk		Total, all applications

		% of time, avg		10		15		20		5		n.a.

		% of time, peak		10		30		20		20		n.a.

		Thruput – peak/user		25		6		2		30		n.a.

		Thruput per cell, nominal		25		6		0.8		12		43.8



Jan Kruys (jkruys):
use 25 here - accommodates 1

Jan Kruys (jkruys):
6 - one session



Sheet2

		





Sheet3

		






_1129459419.xls
Sheet1

		Nr of users/cell		4

		Applications		AV-1		AV-2		Interactive-1		Bulk		Total, all applications

		% of time, avg		20		15		20		5		n.a.

		% of time, peak		40		20		20		20		n.a.

		Thruput – peak/user		25		12		2		30		n.a.

		Thruput per cell, nominal		50		12		1.6		24		87.6



Jan Kruys (jkruys):
use 50 here - must accommodate 2 parallel session

Jan Kruys (jkruys):
use 12 here - must cover 2 sessions in parallel
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Sheet1

		Nr of users/cell		30

		Reference Applications		Interactive-1		Interactive-2		AV-3		Bulk		Total, all applications

		% of time, avg		5		15		5		5		n.a.

		% of time, peak		20		20		10		10		n.a.

		Thruput – peak/user		2		0.2		10		30		n.a.

		Thruput per cell, nominal		12		1.2		30		90		90
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