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IEEE 802.22 Regional Area Networks

Network Type
R ’.II - “Regional Area  N.A. based
Range RN Network” ‘\sllljadustry
M A N — ndards
30 km / —~_|EEE 802.22_
“12km (5 GHy) — f - IEEE 802,16 . We%"
///// — o> ot
Saopeen = v '1AN~ _ IEEE 802. 1\|:.\ H
andards _
et . lEEE 802.11a :
HIPERMAN -~ 20m__—
1-IIPERLAN2/ 50-50m —caxr E0 (RS
/ / 16mPAN Gk T
@ @ un%r OBluetooth |pgg auz 15
i\ .1 Mbps
\ \ '10 Mbps - 24GHz -
\ \\QbeP‘x
\ \11 Mbps 5 2 4 GHz ‘ d»
Maximum “. 54 Mbps S 5 GHZ
data rate 53 \ipiys. :
W=6,7,8 MH__Z_. “x,,_z 4 GHZ

Frequency

¥ IEEE

Celebrating 125 Years




-
IEEE 802.22 Standard Project

IEEE P802.22 specifies the air
Interface, including the cognitive
medium access control layer (MAC) and
physical layer (PHY), for unlicensed
point-to-multipoint wireless regional
area networks operating in the
VHF/UHF TV broadcast bands
between 54 MHz and 862 MHz, without
disrupting the incumbent services.




Long-range Wireless Broadband Access:
Currently Focused Application of WRAN
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Why TV Broadcast Bands?

TV broadcast Bands — Ideal for covering
large area In a variety of environments

— Low inherent free space propagation loss

— Excellent foliage and building penetration

— Desirable non-line-of-sight (NLOS) propagation
characteristics

They’re available!
— So called “TV Band White Spaces”
= TV spectrum not being used by licensed services

— Amount available will increase with Digital TV
transitions
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Global Regulatory Rulings for
unlicensed TV Bands Operations

Regulatory bodies around the world are exploring
and adopting rules for unlicensed operation in TV
bands

— United States, FCC [1]

— Canada, Industry Canada [2]
— United Kingdom, OfCom [3]
— European Union

Aim to promote both economic growth and more
efficient and effective use of the TV spectrum

— Allow the development of new and innovative types
of unlicensed devices that provide broadband data
and other services for businesses and consumers
without disrupting the incumbent services

— Benefit wireless internet service providers (WISP) by
extending the service range of their operations @IEEE
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IEEE 802.22 Management Reference
Model
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IEEE 802.22 Protocol Reference

Model
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Frequency Agile Operations of
IEEE 802.22 WRAN Systems
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Key Technological Features of
IEEE 802.22

Optimized air-interface for long-range TV
Band operations

Efficient use of the spectrum

— Cell-based centralized spectrum management
— Collaborative self-coexistence mechanisms
Cognitive Capabilities for

— ldentifying available TV channels

— Protecting licensed incumbents
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Optimized Air-interface for
Long-range TV Band Operations

Long-range operation

— OFDMA-based PHY parameters are optimized to
absorb longer multi-path excess delays up to
30km of coverage distance

— TDMA-based MAC absorbs additional
propagation delays for coverage distances of up
to 100 km through intelligent scheduling

TV band operation

— Channel Bandwidth designed to be 6 MHz, 7
MHz or 8 MHz (same as TV channels) for
frequency bands between 54 MHz and 862 MHéIEEE

Celebrating 125 Years
of Er SRk ENe Futline

12



Key OFDMA-based PHY Layer
Parameters in IEEE 802.22

Sub-carrier Spacing

— 3.34 kHz (BW=6MHz); 3.90625 kHz (BW=7MHz) and 4.46 kHz
(BW=8 MHz).

— Optimized for multi-path and Doppler effect in TV band
channels

Cyclic Prefix

— 75, 38, 19 and 9 ps (BW= 6 MHz), 64, 32, 16, 8 us (BW= 7
MHz), 55, 28, 14 and 7 (BW= 7 MHz).

— Four different lengths of CP are defined to allow for different
channel delay spreads while utilizing the spectrum efficiently.

Advanced Modulation and Coding

— Combinations of 3 modulation schemes (QPSK, 16QAM,
64QAM) and 4 code rates (1/2, 2/3, 3/4, and 5/6);

— Forward error codes: Mandatory convolutional codes and 3
optional advanced codes. @
>IEEE
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Cell-based Centralized Spectrum
Management

Point-to-multipoint cell
topology: a central BS
controls the medium access
of a number of associated
CPEs

Facilitates flexible bandwidth
allocation and QoS support,
and ensures efficient (intra-
cell) spectrum use for data
delivery.

¥ IEEE
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Collaborative Self-coexistence
Mechanisms

Coexistence Beacons

— Inter-WRAN Channel G
commuhnications
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Coexistence Beacons

To enable over-the-air Inter-wWRAN communications.

Transmitted during the Self-coexistence Windows at the
end of data frames by the BS and/or some designated
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Spectrum Etiguette

= To enable least conflicting Inter-WRAN
channel selection
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On-demand Frame Contention
Protocol

WRAN cells exchange contention T e
messages, containing random
contention numbers, to determine
their rights of Co-Channel Data
Frames Access
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Cognitive Capabilities
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Spectrum Sensing

Observing the radio frequency spectrum (during Quiet
Periods) and processing the observations to determine
If a channel is occupied by a licensed transmission.

Sensing Thresholds:

— Digital TV: -116 dBm

— Analog TV: -94 dBm

— Wireless Microphones: -107 dBm
Channel Detection Time:

— 2 seconds for all signal types
Probability of Detection:

— 90% for all signal types
Probability of False Alarm:

— 109% for all signal types

SensingPeriodDuration (Quiet Period)

>
1 B ———— 2 NumQuietPeriods @ IE E E
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Further Observation 1: 802.22 RF Mask

Level relative to in-band power density (dB)
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Further Observation 2:
DTV Broadcast Incumbent Sensing
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Other Projects within IEEE802.22
Family

" 1EEE 802.22.1

— Standard to enhance harmful
Interference protection for low power
licensed devices operating in TV
Broadcast Bands

" 1EEE 802.22.2

— Recommended Practice for the
Installation and Deployment of IEEE

802.22 Systems
¢ IEEE
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Q&A

Thank you!
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