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Mark Hoffman Background

u FoundedACETEC in 1995
u Penstock, Now Avnet

u Comstream
u RF Design Engineer

u McDonnell Douglas Technologies Inc.
u Microwave Design Engineer

u BSEE, MSEE, University of Wisconsin , 1987
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Wireless History

A EM Wireless Communications start
and Maxwel | ( 18600s) .

A In 1893 Nikola Tesla demonstrated the transmission of information
over EM waves.

A In 1898 Guglielmo Marconi demonstrated wireless telegraphy from a
boat to the Isle of Wight in the English Channel.

A Tesla was really the first to ni
public relations.

A Marconi shared with Karl Ferdinand Braun the 1909 Nobel Prize in
Physics for their contributions to the development of wireless
telegraphy.



—ACETEC

Advanced Communications Electronics

To

First Systems

Very first systems were Spark Gap Transmitters with a Tank Circuit
operating below 500 KHz. Very Noisey. Rx Antenna with Detector.

Most Early systems were unidirectional, First Station was KDKA in
Pittsburg, PA in 1915, Built by Westinghouse

Amateur (HAM) radio started 1 n t
1914. My call is WB9VSG

WWI - mostly Morse Code. Human can receivéd dB SNR,
HAMGOs taken off the air

By 19300s many Police had Radi o
1932 Radio ACT was basically the start of the FCC
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First Systems Continued

A WWII, Korea- Still Morse Code. Some AM and FSK Teletype
A 1946 First VHF mobile system installed in St. Louis, MO

A used operators and had 6 channels

A ran out of capacity quickly

AAAT&TOs Bel | Labs found answer : T
of f 6s.

A In 1979 NTT in Japan made the first cellular systems

A AT&T decided not to get into the cellular phone market on the advice
of consultants

A Later on AT&T bought McCaw Cellular for over $10 billion
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Approximate Frequency Allocation

A Below 100 MHz:CB radio, HAM radio, pagers, analog cordless
phones, AM radio

A 100-800 MHz: Mainly for broadcast (TV and FM radio). 700 MHz,
MediaFlo and DVBH Mobile TV

A 400500 MHz: Trunking radio and some cellular systems (good
coverage with low user density)

A 800-1000 MHz:Cellular and some emergency communication
systems, 915 MHz cordless phones

A 1.82.0 GHz:2G cellular systems

A 2.4-2.5 GHz:ISM (Industrial, Scientific, Medical) band, cordless
phones, WLAN, WPAN, Bluetooth, WiMax
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Approximate Frequency Allocation
Continued

3.3-3.8 GHz:Fixed wireless and WiMax, UWB

4.85.8 GHz:WLAN, fixed wireless, and WiMax, UWB

7/8, 11, 13, 15, 18, 23, 26, 28, 32, 38 G+t microwave back haul
11-15 GHz:Most popular satellite TV service

14-14.5 GHz Uplink,11.7-12.2 GHz Downlink Ku band, VSAT

o Do To Do I
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Classification of Wireless

Networks

A WPAN (<10m)1 Wireless Personal Area Networks
UWB, Bluetooth, Zigbee 802.15.4

A WLAN (<100m) T Wireless Local Area NetworksWiFi
802.11x

A WMAN (~1 city) T Wireless Metropolitan Area Network
I WiMax

A WWAN (>1 city) i Wireless Wide Area Network
Cellular
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Wireless Technology Comparison

Cellular |
L (Mobile) |
-
G
T \wmMAN
(Fixed)
WLAN - ' WiFi 802.11
30M -' _
| | WiMedia
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Source: WiMedia Alliance 10
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WPAN TechnologiesBluetootl3

What it stands forlNothingi Bluetooth was the internal project name at
Ericsson.

What it is:Low power, low cost, short range communication, IEEE
802.15.3

Where:All over the world. Frequency 2.45 GHz
Who: Ericsson and others started the technology

Why: For Wireless headsets, cable free connections, etc. Consumes very
little power (~1mw), cell phones consume about 200mw, low cost at
about $4%$6

When:Late 1990s but did not take off until around 2003
How it works:Frequency hopping spread spectrum (FHSS)

11
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Other WPAN Technologies

A Zigbee IEEE 802.15.4
A Uses ISM bands, 868 MHz in Europe, 915 and 2.4 GHz
A Used for Sensing and M2M ( Machine to Machine).
A NFCT1 Near Field Communication
A For payment and other close in applications
A Uses magnetic field induction at ~10cm

A RFID

12
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WPAN TechnologiesUWB

What it stands forUltra Wide Band, AKA Wireless USB, Highpeed USB

What it is:IEEE 802.15.3a, short range, low cost IC wireless radio standard. For
distances <15m. Note: Two competing standards are slowing the standard
process: WiMedia Alliance vs. UWB Forum.

Where it is usedWorldwide at different frequencies
Who: Intel, Sony, Microsoft, Tl, Motorola, Staccato, PulseLink, General Atomics.

Why it was usedCreates a robust, fast, and low cost WPAN communications
system. May replace numerous cables around computers and entertainment
centers.

How it works:Extremely wide spread spectrum signal. Usesl®.6 GHz with
max speeds of ~110Mbps (~10M) and 480 Mbps (L2M)

13
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Multi-Protocol Application
Ecosystem for UWB
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14
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UWB Protocol
Relationships

Wireless USB
Bluetooth

Multiple protocols running —
over a common platform
Convergence Layer

((K)) WiMedia

ALLIANCE

Single Radio Platform

WiMedia UWB MAC [

WiMedia UWB PHY
—d

WiMedia Common
Ultrawideband
Radio Platform

15
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Wired USB vs Wireless USB

/_,..::-....\\
WIRELESS B
CERTIFIED VS WSB )))
=
Physical Medium Cable Air
Communication Model One Host, Multiple Devices One Host, Multiple Devices
Topology Tiered Star Hub and Spoke
Number of Devices 127 127
Max Data Rate 480 Mbps 480 Mbps
Software Protocol Class Drivers Class Drivers
Traffic Protocol Token, Data, Handshake Token, Data, Handshake

Only WiMedia UWB is support by Certified W-USB by the USB-IF
16
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MultiBandOFDM

Band Group 1 Band Group 2 Band Group 3 Band Group 4 Band Group 5
A A A A

—s
r N N N N B

« Band Band Band Band Band Band Band Band Band Band Band Band Band Band
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14

el ] ‘{ ZIA’V‘ \‘,,—_:Mﬁ- -{ - I” 3 ‘ f
Optional Optional = Optional
| i H%

A 3432 3960 4488 5016 5544 6072 6600 7128 ?‘65 2184 8?15 9240 9768 10293
MHz MHz MHz MHz MHz MHz MHz  MHz MHz MHz MHz MHz MHz  MHz

u  Number of band groups (BG)5=
u BG 14 consists of three 528 MHz bands
u BG 5 consists of two 528 MHz bands
u Band subcarriers
u 128 tone OFDM
u Tone width = 4.125MHz
u Tone modulation = QPSK
u  Channels
u TFI (Time Frequency Interleaving)
u FFI (Fixed Frequency Interleaving)
u  WiMedia PHY Specification v1.1

u  Band Switching within BG #1 (3.1684.752
GHz) 17
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Europe
USA ADecisioni De c 6 0 6
Alssued ruling in 2002 A4.2GHz-4.8GHz (no DAA until Dec 2010)
AUnlicensed allocation AB6GHz-8.5GHz (no restrictions)
A3.1GHz-10.6 GHz Aln-band Emission level: same as FCC
AEmission level: -41.3dBm/MHz AUnder consideration
AWai ver granted in Mar O0ADBAIF1et2GHz Mi d607
power measurement procedures A9GHz extension Mi db607
AECMA adopts Wi Media spec
AECMA to liaise with ETSI for UWB specs
Regulatory Approval Japan
Intermediary Stance | : »AMI C i ssued ruling i

, A3.4-4.8GHz (DAA)

"%. A42-4. . 8GHz (no DAA u

NFK w A7.25-10.25GHz (no restrictions)
Aln-band Emission level: same as FCC

~ AIndoor use only

Cen nl"
South America

Australia/New Zealand
AUWSB trial allowed on interim licenses

Hong Kong/Singapore Korea
AUWB trials allowed AM1 C approyed sE)ectrum u
AEmission levels higher than FCC expected in 1H02007
A3.1-4.8GHz (DAA)
China A42-4. 8GHz (no DAA until
Aworking towards regulations in 2007 A7.2-10.2GHz (no restrictions)

AWi Media China chapter opeMssiQnleyelsapeasizCeg 18

Indoor and outdoor use
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WLAN Technology WIFI

What it stands fortWireless Fidelity

What it is:IEEE 802.11x for wireless internet access in unlicensed
spectrum.

Where it is usedWorldwide.

Who uses itMany chip manufacturers and equipment makers.

Why it is usedfor highspeed internet connection within 200m

When was it usedstarted in the late 90s

How it works:802.11a 5.2 GHz, 54Mbps (max), OFDM
802.11b/g 2.4 GHz, 11Mbps/54Mbps (max), DSSS/OFDM
802.11ii Address security flaws 100mw max output power

19
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WMAN Technologieis WiMax
802.16e

What it stands forVorldwide Interoperability for Microwave Access Standard

WhatitissLow cost AdALast Mil eo-sgeeddntemetbi | e |
connectivity

Where it is usedWorldwide at various frequencies. Fixed WiMax: 10 Gtz
GHz, theoretical max speed of 70 Mbps per sector LOS (Line of Sight).
Mobile WiMax: 211 GHz, theoretical max speed of 63 Mbps DL/28 Mbps
UP/hS()ector in a 10 MHz channel with 2x2 MIMO (<5km) NLOS (Non Line of
Sight).

Who uses itSprint is deploying at 2.5 GHz across the US. Motorola and Samsung
are making the hardware. Intel is pushing hard for WiMax as well. Many other
suppliers. Clearwire with Craig McCaw.

When:Started around early 2000, first for fixed wireless.

How it works: OFDM/OFDMA orthogonal frequency division multiplexing
access.

20
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Wireless Generations

1980

1G
AMPS, NMT

Voice mobility

1990

2G
|S-95
GSM
IS-136 (TDMA)
Added voice and
data mobility

2000

3G
CDMA2000
UMTS/CDMA
Added voice
capacity and high
speed data

2005+

4G
WiMax
FlashOFDM
UMB
LTE

Voice and Very
High speed data

21



