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Bandwidth Demand Growth Causes (Engwer’s Law)
» Metcalfe’'s” Law: more people/endpoints factor

* Moore’s Law: more capable equipment factor

» Data Integration: more complex data factor
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Bandwidth Demand Impact

 Edholm’s Law:

» telecommunication data rates are increasing due to new
technology developments

- wireless lags wireline

* applications transition to wireless when the bandwidth
requirements are met

- application use proliferates due to the increased ease of
access/ mobility

« See tinyurl.com/2vxgeg




WLAN Next Steps

* 802.11n
* The 802.11n throughput advancement is substantial
» Shared 802.11n link = 150 Mb/s / 15 users = 10 Mb/s
* But, Engwer’s Law indicates that users need more bandwidth

... 802.11 Very High Throughput (VHT) Study Group
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Technology For VHT WLAN

- Baseline
* more antennas, wider channels, more complex modulation
and more streams; new frequency bands
» Advanced Coding
- FEC/ LDPC
* Network coding
* Interference Cancellation Coding

« Advanced Parallel Communications
* Multi-user MIMO
» Cooperative Wireless Networking
» Single Hop Relay




802.11 VHT Directions

802.11 VHT
Study Group
[ ]

802.11 VHTL6
*Freq. <6 GHz
 Parallel comm.

* Multi-user MIMO
* Network coding

» Cooperative
networking

» Aggregate thruput
= 1 Gbps

802.11 VHT60
*Freq. = 60 GHz

* Reuse 802.15.3c
60 GHz PHY?

» Quasi-directional/
quasi-penetrating
links

* Wide channels with
Gbps thruput/ link

* Single hop relay?




Summary

- Bandwidth demands continue to increase
* WLAN technology is evolving to meet those needs
- 802.11 VHT WLAN access = Unwired Enterprise




References

"Internet Growth Statistics” _
http://www.internetworldstats.com/emarketing.htm

"Separating Fact from Fiction: How the Convergence of Voice, Video and Data Impacts EPA's WAN",
2006, Robin Gonzalez, .
http://www.epa.gov/oei/proceedings/2006/pdfs/day3 gonzalez_et al.pdf

'I'?)Me’_ccalfe'gl_ _|I_Iaw is Wrong", IEEE Spectrum Magazine, 2006-07, Bob Briscoe, Andrew Odlyzko,
enjamin Ti

http!//www.spyectrum.ieee.orq/iuI06/41 09 , http://www.spectrum.ieee.org/print/4109
http://www.cs.ucl.ac.uk/staff/B.Briscoe , http://www.dic.umn.edu/~odlyzko

"A refutation of Metcalfe's Law and a better estimate for the_value of networks and network
interconnections"”, 2005-03-02, Andrew Odlyzko, Benjamin Tilly
http://www.dtc.umn.edu/~odlyzko/doc/metcalfe.pdf

"The Lives and Death of Moore's Law", First Monday, volume 7, number 11, 2002-11, llkka Tuomi
http://www.firstmonday.org/issues/issue7__11/tuomi/

"The Law of Accelerating Returns", KurzweilAl.net, 2001-03-07, Ray Kurzweil
http://www.kurzweilai.net/articles/art0134 .html?printable=1

'}'<Expone|ntial Growth an lllusion?: Response to llkka Tuomi", KurzweilAl.net, 2003-09-23, Ray
urzwei
http://www.kurzweilai.net/meme/frame.html?main=/articles/art0593.html

:'A\Mgnaging Lean Software Development with Cumulative Flow Diagrams", May 2004, David J.
nderson
http://bdn1.borland.com/borcon2004/article/paper/0,1963,32096,00.html

"Edholm's Law of Bandwidth", IEEE Spectrum, July 2004, Steven Cherry
http://ieeexplore.ieee.org/iel5/6/29070/01309810.pdf

"Official IEEE 802.11 Working Group Project Timelines", IEEE 802.11 Working Group, 2008-04-01
http://grouper.ieee.org/qroups/802/11/Reports/802.11_Timelines.htm




References

"802.11 - Looking Ahead to the Future", IEEE 802.11 submission,
2007-03-13, Darwin Engwer
11-07-0412-01-Owng-looking-ahead-to-future.ppt

"Infrastructure Mesh Broadband Wireless S%stem: Example of Cooperative Wireless", Intel
Cooperative Wireless Workshop, 2007-04, N. K. Shankaranarayanan (AT&T

"Draft PAR and 5 Criteria for the Gigabit Wireless Task Group", IEEE 802.11 submission,
2007-04-27, Darwin Engwer .
11-07-0574-01-0000-draft-par-and-5criteria-gigabit-tg.doc

"Very High Throughput Stud Group Considerations", IEEE 802.11 submission,
0

2007-05-14, Marc de Courville (Motorola) et al.
11-07-0721-01-0vht-vht-sg-considerations.ppt

“VHT Study Group Thoughts”, IEEE 802.11 submission, 2007-05-14, Darwin Engwer
11-07-0724-01-0vht-vht-study-group-thoughts.ppt

“Gigabit Nomadic Wireless”, Interop Las Veqﬁas 2007, 2007-05-22, Darwin Engwer
http://www.mediafire.com/?TwcmmjSnnm2 “http://tinyurl.com/2vxgeg

“VHT Possibilities”, IEEE 802.11 submission, 2007-11-13, Darwin Engwer
11-07-2866-00-0vht-vht-possibilities.ppt

“MO’PHGICOO eration Usage Models”, IEEE 802.11 submission, 2008-01-13, Marc de Courville
otorola) et al.
(I 1-08-0081-02-0vht-mobile-cooperation.ppt

“Proposal for 60 GHz VHT PAR” + “56C”, IEEE 802.11 submission, 2008-01-31, Gal Basson (Wilocity)
%1 —88—0223—01 -Ovht-proposal-for-60ghz-vht-par.doc, 1 1—08—0224—()0—0vht—proposal—for—60g hz-vht-
c.doc

"Below 6 GHz 11VHT PAR&SC's Proposal®, IEEE 802.11 submission, 2008-03-17, Marc de
Courville, Darwin Engwer et al.
11-08-0219-04-0vht-below-6ghz-11vht-par-5c-s-proposal.ppt







