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MISSION REPORT

	Meeting name:
	ECO reporting from the two workshops dealing with cognitive radio solutions:

1) 4th IBBT/ MIT Joint Workshop – 15 November 2011, Brussels
2) EC workshop regarding the standardisation mandate 17-18 November 2011, ISPRA, Italy

	ECO participant:                               Thomas Weber
                         

	1) 4th IBBT/ MIT Joint Workshop – 15 November 2011

See programme under: http://events.ibbt.be/en/crsm2011/schedule/ 

Items noted from the presentations:

Interesting presentations were on 802.22 (the published standard from IEEE that covers geo-location, sensing etc. for personal WLAN broadband access, up to 4 watts). Interestingly, there was the confirmation from the presenter that nobody is going to implement this standard in reality.

Another development on 802.11af (less demanding and focusing on geo-location only) is under development.

A presentation from the MIT was on TVWS business opportunities in the USA. This presentation  showed  that the business opportunity is somewhat limited (i.e. “white spaces” as addressable market were quite limited in the US):

Mapping with the market unclear;

Mapping with the right applications unclear;

Bandwidth hardly competitive with other options in the long run;

Acceptance and Regulation (as time to market is critical);

Also: White Space applicants worry about a possible 2nd Digital dividend

· These points make it very difficult for TVWS devices
The two presentations about 802.22 and from the MIT are embedded here:
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2) EC workshop regarding the standardisation mandate 17-18 November 2011

The link to the Workshop Agenda, which has hyperlinks to (almost) all the presentations: 

http://ipsc.jrc.ec.europa.eu/fileadmin/repository/sta/corsa/docs/Workshop_agenda_SoftwareDefinedRadio_Cognitive_Radio_standardization.pdf
ECO collected notes from one of two parallel sessions as per the request from the EC (a “commercial one” focusing on the geo-location approach in the TVWS, in parallel there was also a “military one” focusing on SDR concept to accommodate different waveforms on the same hardware).

The result of the workshop was that the EC is preparing a standardization mandate which may run over 3 years with an analysis phase of e.g. 6 months and execution of e.g. 2.5 years

Commercial session: 

1) focus will be the geo-location database standardization (e.g. the necessary protocols and “etiquette”), in a second step also to study combination with other cognitive approaches

Military session:

2) Focus is the development of an SDR standard for about 15 different waveforms used by military and public safety users which can then all use the same hardware by means of a common SDR standard. Apparently, this has nothing to do with the ECC.

The main motivation for the geolocation database standardisation process: no common European market field for this (assume each major country may create its own proprietary solution).

CEPT will be mentioned in the standardisation mandate responsible for harmonisation of the regulatory requirements.

There are a couple of other things that will be also proposed by the EC in the draft standardization mandate, e.g. a cognitive approach between e.g. military and PPDR or PPDR and Commercial (preemption/prioritization schemes). In FM49 there was so far no input on this, although the ETSI SRDoc contained a chapter but nobody from administrations or PPDR users seemed so far interested. The ETSI RRS WG4 chairman is from the JRC and supporting the case.  One could argue, if this is not studied, then this option never will become a realistic option.

The concept will also be presented to the PSCE and later to FM49#3. This approach will therefore lead to a “binary” decision within the analysis phase or early phase of a standardization mandate (whether there is seen demand or not for this since it should not be a totally academic exercise).

The EMC issue as presented from Cable Europe during the workshop will presumably not make it into the standardisation mandate (it’s about immunity requirements of electrical appliances such as TV Sets – a matter well known but also not new when thinking on WSD). 

Points to be highlighted:

1) It is likely that the “commercial part” of the mandate is restricted to the TVWS in UHF. At least, there were no other proposals visible at the EC Workshop.

2) A “deadlock” situation exists with regard to TC RRS in ETSI, i.e. ECC is unlikely to receive an SRdoc from TC RRS. Manufacturers will keep a low profile to not irritate their customers from the mobile operators and big manufacturers’ market segment. 

There was a presentation from OFCOM but there was no explicit mentioning of the RSPG opinion on CR. See OFCOM presentation under the workshop link. OFCOM plans to restrict their geo-location proposal to license-exempted applications only and without the need for exclusion zones (two major differences compared to the FCC regulation).  
More Detailed notes from the Commercial Session:

Targets, motivation to use UHF TVWS and accordingly, to a provision of a mandate that covers inter-alia also TV-WSDBs:

Economy of scale (includes also liaison to other technical standards creation bodies such as IEEE, 3GPP, ECMA)

European Internal market

Allow roaming / cross boarder usage

Remove barriers to innovation

Increase efficient use of spectrum

Move towards more dynamic and opportunistic access in the computer age

Make use of lower propagation attenuation and in-building penetration losses.

TVWS in 470-790 MHz is seen as critical test case (this is the focus)

Protection of incumbents can be achieved by means of WSDBs

Creation of value added service possible, also very efficient and more dynamic local licensing than traditional “manual” registration method.

Europe standardisation needs to get started to stay in the worldwide competition amongst standardisation organisations. There are commonalities but also possible differences compared with the FCC regulatory requirements (e.g. no exclusion zones defined in the UK) and also taking into account the European spectrum environment.

Conditions that should apply when providing a mandate:

Harmonised European Standards reflecting the regulatory requirements needs to be developed

Take into account general as well as individual licensed WS usage (WSDB actually create also a licensing method in-between because of the registration of the WSD in WSDBs). In addition, the ASA concept also applies to individual licensed equipment. It seems not advisable to exclude individual licensed devices from the 470-790 MHz WSD case.   

WSDB radio interface to be harmonised, also the WSD-WSDB communication protocol and WSD-WSDB listing (all EN), plus protocol conformance and interop. testing  (EN) to achieve a reference system for determining compliance according to common methodologies,  and HEN (radio technical parameters needed to fulfil R&TTE requirements and the “etiquette” spectrum access minimum requirements). These standardisation efforts also need to be supported by practically demonstrating the concepts by testing in laboratories. 

Clarify whether WSDB is covered by the R&TTE Directive and also to establish a clear responsibility of the actors in a CRS (responsibility chain). Certification/ authorisation of WSDB should be clear.

Standardisation mandate to ESO (CEN, Cenelec, ETSI whereby it seems clear that major work-share is in ETSI) and liaison with CEPT for guidance on requirements needed for European Harmonisation, also to EU funded projects, e.g. FP7 projects or even Call 8.

To identify the minimum set of standards needed in an initial analysis phase of e.g.  not exceeding more than 6-12 months.

The use of TV-WSDB in combination with other cognitive technologies/ adaptive mechanisms should also be studied under the mandate for the future as a second generation implementation and also seeing the potential to use the concept in other frequency ranges (concept can in general be applied universally). Standardisation could make in this regard proposals to the EC and CEPT (ETSI SRDoc).

The precise applications or set of applications supported by a WSD including their application requirements using TVWS cognitive/adaptive solutions can also have an impact on the PHY/MAC layer. Therefore, it seems necessary to achieve a general CR architecture standard. Specific solutions for specific applications or frequency bands can use this architecture EN as a basis. 

Need for common terminology and definitions whereby existing work should be taken into account (e.g. ITU, other standardisation activities).

Need to provide secure communications between WSD and WSDB, defined registration process, log history.

A new standardisation mandate would overlap with R&TTE revision timeframe. Current draft of the Directive includes a particular article 3bis to cover SDR (may affect dynamic declaration of conformity and the regime of responsibilities).  SDR and CR issues should be clearly separated a bit when drafting a mandate.

Take into account existing information form ETSI TC RSS such as TR 102 967 (dynamic DoC), TR 102 907 (TVWS), TR 103 063 (Migration use cases for e.g. GSM, UMTS, LTE).

The combination of generic standards, specific standards and related test standards needs precise definition of the minimum set of standards which may act like a “family of standards”. Relations between the “family members” need to be defined.

“Kill WSD radio function” may also be needed for devices who try to register to WSDB repeatedly and unsuccessfully to avoid blocking the WSDB system.

Necessary EMC Immunity (e.g. of TV Sets or other consumer electric equipment or cable network components operating in TVWS) could be an item for ETSI and Cenelec under the standardisation mandate. Note that ETSI RRS has a work item on this. Note however that the advent of LTE in 790-862 will already make it mandatory for such equipment to improve their immunity capabilities.
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Agenda


� TV White Space: US vs. Europe


� TV White Space and other license-exempt 
bands


� USA Unlicensed Wireless Operators 


� Modeling the US Wireless Industry Dynamics


� Applying the Model:
Assessing the new TVWS Business 
Possibilities


� Next steps and further research


� Conclusions







TV White Space: US vs. 


Europe







TV White Space USA


Channel # Frequency Band


5-12 174-230 MHz VHF


21-60 470-790 MHz
UHF


61-69 790-862 MHz


Channel # Frequency Band


2-4 54-72 MHz 


VHF5-6 76-88 MHz


7-13 174-216 MHz


14-20 470-512 MHz**


UHF
21-51* 512-692 MHz 


Fixed 


TVBDs


*Channel 37 (608-614 MHz)  is reserved for radio astronomy


**Shared with public safety


Transition from 


NTSC to ATSC 


(analog to digital 


TV) June 12, 


2009 freed up 


channels 52-69 


(above 692 


MHz)


US – FCC 


Europe – ECC 


Fixed & 


Mobile  


TVBDs 
only


Source: Fanny Mlinarsky, Octoscope 







TV White Space USA


US (FCC) White Spaces


54-72, 76-88,  174-216, 470-692 MHz 
European (ECC) White Spaces 


(470-790 MHz)


MHz
US 


Licensed 


UHF 


SpectrumThe FCC broadband plan proposes to 


reclaim about 120MHz of spectrum from 


broadcasters and sell it to the carriers. 


This move may serve to discourage 


investment into white spaces.


Source: Fanny Mlinarsky, Octoscope http://groups.winnforum.org/p/cm/ld/fid=1







TVWS –Benefits & Challenges 


� Benefits
� Low Cost Infrastructures


� Super Wi-Fi
� Larger Range


� WLAN->WRAN


� Backhauling
� NLOS


� Challenges
� Not available everywhere


� HAAT Restriction


� Strong Mask Protection
Source: 15.709 General Technical Requirements







TVWS and other license-exempt bands







Unlicensed Bands in USA


Frequency Band Spectrum


ISM  902 - 928 MHz 26 MHz 


ISM  2,400 - 2,483 MHz 83 MHz


ISM/UNII-II 5,725-5,825 MHZ 100 MHz


UNII-I  5,15 0 – 5,250- MHz 100 MHz


UNII-II  5,250 – 5,350 MHz 100 MHz


UNII-Global 5,470 – 5,725 MHz 255 MHz 


Total 664 MHz


USA existing Bands for Unlicensed Devices







Significance of TVWS vs. other unlicensed 
bands in USA


43% Increase of Spectrum for Unlicensed Devic







USA Unlicensed Wireless Operators







Who is using the unlicensed spectrum in 
USA? 


� 2000 Wireless ISP 


� Many of the US WISPs are rural with only a 
few hundred to a few 10Ks of subscribers 
each, most use license-exempt spectrum 


� There are also urban WISP(local and 
nationwide) using a mix of unlicensed and lite-
licensed.







How are  the Wireless ISP using the 
unlicensed bands?


� Wireless ISPs are using a Mix of pre-Wimax,  
Wimax and  Increasingly Wi-Fi


� Many Wireless ISPs (WISPs) are moving to 5 
GHz using Wi-Fi technology that's been 
adapted for outdoor P2P and P2MP


� Dramatically lower cost radios


� 5x or more vs. Wimax or pre-Wimax systems


� Increasing reliability, similar performance







Radically lower Infrastructure 


Costs


� Example Wi�Fi, Pt�2�Pt


� Link Ubiquiti BULLET-M5-HP With 28dbi Grid 


Antenna 802.11n







Radically lower Infrastructure 


Costs


Source: Brough Turner







Unlicensed vs. Licensed: two types of 


organizations competing in different 


ways


� Unlicensed


� Stationary clients or 
pedestrian


� Data Centric (VoIP 


and afterthought)


� Wide-open market, 


many vendors, 
many markets 
segments, many 


customers


� Licensed 


� Supports mobile 
use, auto-speed


� Voice Centric 


� 4-6 Vendors, 1 
application, < 700 


Customers


Source: Brough Turn







Modeling the US Wireless 


Industry 







Modeling the US Wireless


Licensed Spectrum 


Networks


• Exclusivity


• Spectrum investment


• Subscriber revenue 


based


Licensed Spectrum 
Networks


• Exclusivity


• Spectrum investment


• Subscriber revenue 


based


Unlicensed Spectrum


Networks
• Investment to 


overcome interference


• Scarcity of Spectrum


• Service revenue 


based


Unlicensed Spectrum
Networks


• Investment to 


overcome interference


• Scarcity of Spectrum


• Service revenue 


based


Big Operators


Standardization


Big  Contracts Biding


….


Big Operators


Standardization


Big  Contracts Biding


….


Small Operators 


Standard and 


Proprietary Protocols


Small Telecom 


Resellers


Low switching cost


Small Operators 


Standard and 


Proprietary Protocols


Small Telecom 


Resellers


Low switching cost


Different 
Dynamics







Modeling the US Wireless 







Applying the Model:


Assessing the new TVWS Business 


Possibilities







What are the new TVWS Business 


Possibilities?


� Nationwide Broadband unlicensed operators 
� Benefit of TVWS cost-effective Backhauling and 


Network Infrastructure


� Grow their business to suburban and other non 
profitable areas


� Possibility of new services M2M, Fem-to-Cell Traffic 
Offload


� Rural WISP Operators
� More Cost-effective infrastructures with TVWS rural 


broadband networks


� Improve their areas of coverage


� Cover NLOS areas







Case Study #1: Nationwide Unlicensed 
Wireless operator


� Entrant Wireless Broadband Provider using 
unlicensed Spectrum with a combination of 
technologies 802.22,  802.11af and standard 
Wi-Fi


� TVWS makes economic sense primarily in 
rural areas, so any successful business model 
using TVWS is likely to be focused on such 
areas or be partnered with LTE or  urban Wi-Fi 
for the cities.  We model the latter only here.







Case Study #1: Combining TVWS 
Standards


TVWS – 802.11af


TVWS – 802.22


WLAN-5 – Wi-Fi
Source: Peter Eclesine







Case Study #1: TVWS makes possible the 


business case for a nationwide unlicensed 


network 


NPV Network


4 B


500 M


-3 B


-6.5 B


-10 B


2011 2013 2015 2017 2019 2021 2023 2025


Time (Year)


NPV Network[UNLICENSED Entrant] : 5-TVCHs


NPV Network[UNLICENSED Entrant] : 4-TVCHs


NPV Network[UNLICENSED Entrant] : 3-TVCHs


Wi-Fi


Rural 3 Channels


4 Channels


5 Channels


� Use a mix of technologies 


10%
Urban
Areas 


10%
Suburban 
TVWS available


80%


Wi-Fi/802.11af 802.22







Next steps and further 


research







TVWS: further research


� How can TVWSs best


be combined with the


existing Wi-Fi industry


standards?


� What should be the costs 


of equipment and services to


allow Rural Operators in 


the TVWS?


Source: C. Ghosh, S. Roy, and D. Cavalcanti, C. Ghosh, S. 
Roy, and D. 


Cavalcanti, “Coexistence  Challenges for Heterogeneous 


Cognitive 
Wireless Networks in TV White Spaces.”







Unlicensed Wireless, beyond the 


TVWS: further research


� What are the most successful business 
models for independent unlicensed ISPs? 
� Public Wi-Fi (Location/Business/Community 


Sponsored)


� Add based


� Muni Wi-Fi


� Cooperative + “Freemium”


� How can user build infrastructures be used for  
license-exempt wireless networks?
� Customer Premises


� Public Infrastructures







Conclusions


� TVWS is one slice more of Spectrum where 
unlicensed devices might operate


� Existing FCC TVWS regulatory framework is very 
strict and will reduce the spectrum possibilities, 
especially in urban areas


� Many Wireless ISPs (WISPs)  operators using 5GHz 
links are waiting for the TVWS bands to cover new 
areas 


� WISPs are moving to the 5 GHz band using Wi-Fi 
technology that's been adapted for outdoor P2P and 
P2MP


� Unlicensed Wireless technologies are pioneering 
mobile communications evolution (OFDMA/MIMO) 
and they are enabling new ways to operate the 
unlicensed spectrum that might displace traditional 
incumbents







Any Questions ?


Thanks!
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IEEE 802.22 Wireless Regional Area Network (WRAN) Standard

Presented by:

John Sydor

Reseach Broad Band Wireless

John.sydor@crc.ca

www.crc.ca/coral

Apurva N. Mody, Ph. D., Chair, IEEE 802.22 Working Group

Gerald Chouinard, Vice Chair, IEEE 802.22 WG

apurva.mody@ieee.org, gerald.chouinard@crc.ca

 www.ieee802.org/22

4th edition of the International Joint Workshop on

Cognitive Radio Standards and Markets in Brussels
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Courtesy, Paul Nikolich, Chair, IEEE 802 

IEEE Standards Association Hierarchy

802.15 

WPAN

802.11 

WLAN

802.22 

WRAN
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United States TVWS Regulations and IEEE 802.22

		2002: US FCC, ET Docket 02-380: Notice of Inquiry, In the Matter of “Additional Spectrum for Unlicensed Devices Below 900MHz and in the 3GHz Band”, Released December 20, 2002

		2004: US FCC, ET Docket 04-186: Notice of Proposed Rule Making, In the Matter of “Unlicensed Operation in the TV Broadcast Bands”, Released May 25, 2004

		2004: IEEE 802 commented on the NOI and authorized the launch of the 802.22 Working Group Project

		2006: US FCC, ET Docket 04-186: First Report and Order and Further Notice of Proposed Rule Making, In the Matter of “Unlicensed Operation in the TV Broadcast Bands”, Released October 18, 2006.

		2008: U.S. FCC, ET Docket 08-260, “Second Report and Order and Memorandum Opinion and Order in the Matter of Unlicensed Operation in the TV Broadcast Bands,” November 14, 2008.

		2010 - Final Rules: U. S. FCC, ET Docket 04-186, 02-380: “Second Memorandum Opinion and Order in the Matter of Unlicensed Operation in the TV Broadcast Bands,” September 2010



		2011 – IEEE 802.22-2011 Standard was published in July 2011.
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*
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IEEE 802.22 WG on Wireless Regional Area Networks

IEEE 802.22 Standard – Wireless Regional Area Networks: Cognitive Radio based Access in TVWS: 

Published in July 2011

802.22.1 – Std for Enhanced Interference Protection of PMSE in TVWS: Published in Nov. 2010

802.22.2 – Std for Recommended Practice for Deployment of 802.22 Systems: Expected completion –

2nd Q 2012

802.22a – Enhanced Management Information Base and Management Plane Procedures: Expected Completion - Dec. 2013

www.ieee802.org/22

802.22 RASGCIM – Regional Area Smart Grid and Critical Infrastructure Monitoring Study Group

IEEE 802.22 WG is recipient of the 2011 IEEE SA Emerging Technology of the Year Award



*



*
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www.ieee802.org/22

IEEE 802.22 Website:
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IEEE Standards



IEEE 802.22



RAN

“Regional Area Network”



31 km



54 - 862 MHz



Multipath absorption Window

(Cyclic prefix )

0.25

2.2 μsec

0.8



37 μsec





23, 27, 31 Mbit/s

BW= 6,7,8 MHz



*

The IEEE 802.22 Working Group which is developing the WRAN standard is adding anotherr layer to the set of licensed-exempt wireless systems.  It will be able to operate in the low-VHF (ch. 2-6), high-VHF (ch. 7-13) and UHF (ch. 14 to 51 and 69 where possible).  It will use the standard TV channels, 6, 7 and 8 MHz wide.  Each channel can carry some 20 Mbit/s capacity and its modulation (2000 carriers OFDMA) will be robust to long echoes (up to about 25 usec) found on these longer paths.









*

IEEE 802.22 WRAN Standard

Key features

		WRAN: Wireless Regional Area Network

		Aimed at bringing broadband access to hard-to-reach, low population density areas, typical of rural environments

		Operate in vacant channels in TV broadcast bands for better propagation at lower frequencies 

		Operate as license-exempt equipment except that the base station has to be professionally installed

		Point-to-multipoint network topology

		Base station connected to the Internet through backhaul

		Base station provides service to up to 255 Customer premise equipment (CPE) and controls all their RF characteristics

		Use cognitive radio capabilities to avoid interference to broadcast incumbents and other WRAN systems









*

IEEE 802.22 Standard

		IEEE 802.22 will Provide Broadband Wireless Access to Regional, Rural and Remote Areas Under Line of Sight (LoS) and Non Line of Sight (NLoS) Conditions using Cognitive Radio Technology (without causing harmful interference to the incumbents).

		Cognitive Radio technology added to a simple and optimized OFDMA waveform (similar to the OFDMA technology used in other broadband standards but optimized for extended reach)

		Meets all the regulatory requirements such as protection of incumbents, access to the database, accurate geolocation, spectrum mask, control of the EIRP, etc. 

		Large regional area footprint can allow placement of the Base Station closer to an internet backbone for lower cost backhaul.



Today, more than half the population in the world resides in rural areas with hardly any access to true broadband.

IEEE 802.22 can connect rural areas in industrialized and emerging markets



*



*
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Typical characteristics of 802.22 WRAN:

QPSK

16-QAM

64-QAM

Minimum service availability:

location= 50%

time= 99.9%

















30 km

23 km

16 km

Max throughput per 6 MHz:

DS: 7.8 Mbit/s (net: 3.89 Mbit/s)

US: 768 kbit/s (net: 384 kbit/s)

Max throughput per 6 MHz:

23 Mbit/s (net: 19.44 Mbit/s)

Base station power: 100 W

Antenna height: 75 m

User terminal (CPE) power: 4 W

antenna height: 10 m



*

The service availability is defined as F(50, 90), that is one household over 2 can be reached at the edge of the coverage (unlike 1 over 4 over most of the coverage for WLAN as explained by STORM yesterday) (availability will be much better inside the coverage area) and once connection is feasible, its availability in time will be very high for stable service, i.e., 99.9%).  This can be achieved with Customer Premise Equipment (CPE) transmit power of 4 W as specified by the FCC and a base station power of 100 W at 75 m antenna height for the maximum throughtput indicated.  In order to re-use a DTV frequency, the base station will need to be located at some 30 km from the edge of the DTV coverage area.  This will reduce to 1 km if a first adjacent channel is used.  The CPEs can be located at 3 km from the edge of the DTV coverage area for the co-channel case and only 70 m for the first adjacent channel.  Since it is considered that the distance between neighbor can be as small as 10 m, CPEs operating on first adjacent channels will not be allowed inside the DTV coverage area.









*

Typical CPE installation









Sensing antenna

GPS antenna

TX/RX WRAN Antenna



*
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Opportunistic use of TV White Spaces using

Dynamic Spectrum Access

Reference: IEEE 802.22-2011 Standard

		New cognitive radio technologies can:

		Query a database over internet based on the TVBD geolocation for channels available for operation

		Release the spectrum when not needed

		sense the spectrum and select the proper channel

		Use the spectrum while avoiding interference to incumbents

		Co-exist with other TVBDs









*

Opportunistic use of the TVWS

Opportunistic use of the spectrum

Type of channel sharing

Protection of primary services (and higher status secondary: RRBS)

Coexistence among systems of different technologies

Self-coexistence among systems of same technology

Cognitive radio

		Geolocation-based Database Service

		Quick accessibility of channel for operation

		Quick release of channel when not needed

		Near real-time light-licensing for temporary use

		Near real-time updating of operating policies by regulatory agencies

		Authentication mechanism and data security is needed

		RF sensing

		Device-based decision (=> caution: hidden node)

		Network-based decision (distributed: more reliable)

		Timing requirements:

		channel sensing time: repetition of sensing periods

		channel release time: move after detection

		channel re-use time: delay before re-accessing the channel









*
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IEEE 802.22 – Frame Structure

		802.22 supports Time Division Duplex (TDD) frame structure

		Super-frame: 160 ms,

          Frame: 10 ms

		Each frame consists of downstream (DS) sub-frame, upstream (US) sub-frame, and the Co-existence Beacon Protocol (CBP) burst

		Lengths of DS and US sub-frames can be adjusted.

		Self-coexistence Window (SCW): BS commands subscribers to send out CBPs for 802.22 

		Self- coexistence – CBP bursts contain information about the backup channel sets, sensing times, SCW scheduling, contention information  

		terrestrial geo-location and

		whitespace device identification as required by the regulatory domain rules.



Co-existence Beacon Protocol (CBP) burst used for 802.22 self co-existence and terrestrial geo-location 

A

B

CBP



*











*

802.22 WRAN superframe and frame structure

Superframe = 160 ms

Frame = 10 ms

Superframe =16 frames

Vertical DS mapping for early scheduling for distant CPEs





Horizontal US mapping to minimize CPE EIRP







*

PHY: System Parameters







*

Relative performance of the different portions of the 802.22 WRAN signal in an AWGN channel 







*



IEEE 802.22 – MAC Features

		Connection-oriented MAC, establishes connection IDs and service flows which are dynamically created

		QoS – Various types of QoS services are supported (see below). ARQ supported. Uni-cast, Multi-cast and broadcast services are supported.

		Cognitive functionality – 

		Dynamic and adaptive scheduling of quiet periods to allow the system to balance QoS requirements of users with the need to quiet down the network to support spectrum sensing. Quiet periods range from 1 symbol (approx. 1/3 ms) to one super-frame (160 ms)

		Subscribers stations can alert the BS of the presence of incumbents in a number of ways. Dedicated - Urgent Co-existence Situation (UCS) messages or lower priority MAC messages

		BS can ask one or more subscribers to move to another channel in a number of ways using the



	Frame Control Header (FCH) 

	or dedicated MAC messages

Intra-frame quiet period scheduling

Inter frame quiet period scheduling

		QoS 		Application

		UGS		VoIP, T1 / E1

		rtPS		MPEG video streaming

		nrtPS		FTP

		BE		E-mail

		Contention		BW request etc.

























*
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IEEE 802.22

Cognitive Node: Reference Architecture



IEEE 802.22 Provides Three Mechanisms for Incumbent Protection

		Sensing

		Database Access

		Specially Designed Beacon



Security Sub-layers are introduced to protect non-cognitive as well as cognitive functions 

Cognitive Plane is used to control the Cognitive Radio Operation. Security Sublayer 2 is introduced for protection against Cognitive Threats



*











*



IEEE 802.22 – Cognitive Radio Capability

Spectrum Manager

Policies

Incumbent Database Service

Incumbent

Database

Spectrum Sensing

Channel Set Management

Subscriber Station Registration and Tracking



Self Co-existence

Geo-location













*









time



Cell 1



Cell 2



Cell 3



Cell 2



Cell 1



Cell 1



Cell 3



Cell 1



Cell 2



Cell 3



Super-frame N (16 Frames)



Super-frame N+1 (16 Frames)



…



…



…



Coexistence Beacon Windows



Data Frames



TV Channel X
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IEEE 802.22 – Spectrum Sensing

Wireless Microphone Protection Using Beacon

		Many studies have suggested that FCC R&O target for wireless microphones is not sufficient to protect wearable microphones (where body attenuation of as much as 27dB is possible according to the manufacturers)

		802.22 has designed a beacon signal which will be transmitted from wireless microphone operations with up to 250 mW (as compared to 10 mW for microphones). These beacon signals consist of repeated pseudo-noise (PN) sequences and occupy a bandwidth of 78 kHz. 

		Security features are provided for beacon authentication



TV and Wireless Microphone Protection Using Spectrum Sensing- Several blind and signal specific feature-based sensing schemes have been proposed and thoroughly evaluated using TV Broadcaster supplied over-the-air collected signals  

		Spectral correlation based sensing,

Time domain cyclostationarity,

Eigen value based sensing,

FFT – based pilot sensing,

Higher order statistics based sensing, etc.



DTV Detection Results based Cyclostationary Feature Detection

Pd = >99%, Pfa = 10%, -20dB

Wireless Microphone Beacon Sensing Results

-114 dBm
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IEEE 802.22 – Geo-location

Satellite-based geo-location

		Requires GPS antenna at each terminal

		NMEA 0183 data string used to report to BS





Terrestrially-based geo-location: 

		A new scheme has been included in the 802.22 Standard requiring no additional hardware and using the characteristics and capabilities of the 802.22 standard. 

		Normal BS-CPE ranging process: provides coarse ranging to an accuracy of 147.8 ns (44.3 m)

		Extended ranging process: augments the accuracy of the ranging process to 1 ns (0.3 m) by a more accurate scheme using the complex channel impulse response

		Off-line geo-location calculation: All the information acquired at the CPEs is transmitted to the BS which can delegate the calculation of the CPE geo-location to a server.  Calculation is based on usual triangulation using some CPEs as waypoints.



Signal Processing Flow for the Terrestrial Geo-location
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IEEE 802.22 – Self Co-existence



Spectrum Etiquette

(Enough channels available)



On Demand Frame Contention

(Two or more cells need to co-exist on the same channel)





Number x – represents operating channel

Number y – represents backup channel

Number z (double underline) – represents candidate channel

Primary user appears

Requires that information on operating, backup and candidate channels of each cell is shared amongst WRAN cells: exchanged by CBP bursts.

Self-coexistence window (SCW) does not have to be allocated at each frame.
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Coexistence among WRAN systems

		WRAN frame structure needs to be synchronized among co-channel and adjacent channel overlapping WRAN cells

		Self coexistence windows will be scheduled at the end of some frames for inter-cell signaling

		Spectrum etiquette will first be applied: try to assign a different channel for each WRAN system

		If the same channel needs to be used, TDM will then be established based on on-demand frame contention amongst the co-channel WRANs to assign different frames to different WRANs



Coexistence MAC schemes for channel capacity sharing
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Coexistence among WRAN systems

		Inter-cell communication mechanism to keep BSs aware of the other nearby WRAN cell operation:

		Coexistence beacon

		Transmitted during the self-coexistence windows by the BS and/or some designated CPEs

		Monitored by BSs and other CPEs from same and different cells



Coexistence Beacon Protocol (CBP) burst
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Coexistence capacity allocation



bc







*

Outline

IEEE 802.22

The 802.22 WRAN Standard

Opportunistic use of the TV White Space

Overview of the 802.22 Standard

WRAN Industry Alliance

Conclusions



*











*

Formation of the Whitespace Regional Area Networks (WRAN) Alliance

		A specification alone does not create RoI 

		Need stake in the ground for other companies to rally around

		Ecosystem ‘brand’ is required:

		802.11 >> WiFi

		802.15.4 >> ZigBee

		802.16 >> WiMAX

		Brand is formed and developed by multiple industry participants to commercialize 802.22 specs and accelerate commercial realization 

		Collaboration across technical, business and marketing fronts

		Solutions Development, awareness, outreach, marketing, education

		Brand provides rapid realization of returns from 802.22 R&D investment 

		IEEE 802.22 Member Companies have formed Whitespace Regional Area Networks (WRAN) Alliance



R. Maley, WRAN Alliance Overview
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WRAN Alliance Activites

Create and launch ‘WRAN Alliance’

		Name, logos, website, platform to drive engagement by the 802.22 value chain and stakeholders



Work/Liaise with other Companies, Alliances and Task Groups to fill technology gaps 

		e. g. Access to the incumbent database



Create use cases and guidelines for the deployment of 802.22 systems

		Create a directory of use cases and installation instructions to garner optimum performance and ensure incumbent protection in various scenarios 



Develop certification, conformance and interoperability testing plans/programs

		Work with the regulators to create test plan for 802.22 White Space Device

		Schedule 802.22 plug fests for inter-operability testing



Perform outreach, awareness, and market education 

		Today, more than half the population in the world (i. e. 3 Billion people) reside in rural areas.

		There is a tremendous potential for IEEE 802.22 to be deployed in continents such as Africa, Asia and South America.

		An industry alliance will drive ecosystem growth and increase adoption of 802.22 globally



Work with other country regulators to ensure rule-makings that favor WRAN deployment

		An industry alliance will ensure that we can correspond with regulators more freely. 



R. Maley - WRAN Alliance Overview
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Conclusions

		IEEE 802.22 is the First IEEE Standard for operation in Television Whitespaces

		IEEE 802.22 is the First IEEE Standard that is specifically designed for rural and regional area broadband access aimed at removing the digital divide

		IEEE 802.22 is the First IEEE Standard that has all the Cognitive Radio features

		Emerging Breakthrough Technology: IEEE 802.22 Working Group is expected to be the recipient of the 2011 IEEE SA Emerging Technology of the Year Award
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