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Abstract

This document presents the selection criteria for IEEE 802.22.3 Spectrum Characterization and Occupancy Sensing.


1. Overview
The 802.22.3 Standard shall be developed in accordance with the P802.22.3 Project Authorization Request (PAR) [1] and its Criteria for Standards Development (CSD) [2].
The 802.22.3 shall be a new standard. The resulting standard shall fit within the following scope:
“This Standard defines a Spectrum Characterization and Occupancy Sensing (SCOS) System. It specifies measurement parameters and device behaviors. It includes protocols for reporting measurement information that enable coalescing the results from multiple such devices. The standard leverages interfaces and primitives that are derived from IEEE Std. 802.22-2011, and uses any on-line transport mechanism available to achieve the control and management of the system. Interfaces and primitives are provided for conveying value added sensing information to various spectrum sharing database services. This standard specifies a device operating in the bands below 1 GHz and a second device operating from 2.7 GHz to 3.7 GHz.”
The functional requirements are presented as following.
2. Definition of Words
Shall: These words or the adjective "REQUIRED" means that the item is an absolute requirement.
Should: This word or the adjective “RECOMMENDED” means that there may exist valid reasons in particular circumstances to ignore this item, but the full implications should be understood and the case carefully weighed before choosing a different course.
May: This word or the adjective “OPTIONAL” means that this item is truly optional. One implementation may include the item because the target marketplace requires it or because it enhances the product, for example; another implementation may omit the same item
3. Functional Requirements
3.1 Introduction

Recently, Federal Communications Commission (FCC), National Telecommunications and Information Administration (NTIA) in the United States and other regulators such as OfCom UK, have broadened their horizons for cooperative spectrum sharing approaches in order to optimize spectrum utilization. For example see the PCAST Report [4]. FCC/ NTIA are in the process of opening new spectrum bands which specifically require multi-levels of regulated users (e. g. primary, opportunistic etc.) to share the spectrum. There is emphasis on greater spectrum efficiencies, spectrum sharing and spectrum utilization, which requires not only database driven configuration of the radios, but systems that can provide spectrum occupancy at a particular location and at a particular time. 

This standard will help fulfil this need by creating a Spectrum Characterization and Occupancy Sensing (SCOS) System. This will enable improved spectrum utilization and support for other shared spectrum applications, hence benefitting the regulators and users alike. 

The Spectrum Occupancy Sensing (SCOS) System has many applications which include: 

1. On-demand spectrum survey and report 

2. Collaborative spectrum measurement and calibration 

3. Labeling of systems using the spectrum 

4. Spectrum planning 

5. Spectrum mapping 

6. Coverage analysis for wireless deployment 

7. Terrain and topology - shadowing and fading analysis 

8. Quantification of the available spectrum through spectrum observatories [2, 13], 

9. Complement the database access for spectrum sharing by adding in-situ awareness and faster decision making. 

10. Space-Time-Frequency spectrum hole identification and prediction where non-time-sensitive tasks can be performed at certain times and at certain locations, when the spectrum use is sparse or non-existent 

11. Identification and geolocation of interference sources. 

The Spectrum Characterization Occupancy Sensing (SCOS) systems may be deployed to characterize many bands such as VHF/ UHF, L, S, C and X bands.
3.2 Managed objects 
The plan for developing a definition of managed objects. The plan shall specify one of the following: 

a) The definitions will be part of this project. 

b) The definitions will be part of a different project and provide the plan for that project or anticipated future project. 

c) The definitions will not be developed and explain why such definitions are not needed. 

Ans: a) The definitions will be part of this project. 

3.3 Coexistence 
A WG proposing a wireless project shall demonstrate coexistence through the preparation of a Coexistence Assurance (CA) document unless it is not applicable. 

a) Will the WG create a CA document as part of the WG balloting process as described in Clause 13? (yes/no) 

b) If not, explain why the CA document is not applicable. 

The CA document will not be provided. It is not applicable in this case. Spectrum Characterization and Occupancy Sensing devices do not transmit.
3.4 Regulartory requirements

This amendment should provide mechanisms to meet the regulatory requirements. e.g, FCC, Ofcom, etc. on spectrum sensing. For example, in the FCC for the VHF/ UHF TV Bands, FCC requires a spectrum sensing detection accuracy as specified by the Table 3.4.1.  

Table 3.4.1—Channel sensing

	Regulatory domain
	Type of signal
	Sensing detection threshold

(in dBm)
	Data fusion rule for distributed sensinga
	Monitoring requirements

	USA
	ATSC 
	–114

(averaged over 6 MHz)
	“OR” rule
	Detection threshold referenced to an omni-directional receive antenna with a gain of 0 dBi 

	USA
	NTSC
	–114

(averaged over 100 kHz)
	“OR” rule
	Detection threshold referenced to an omni-directional receive antenna with a gain of 0 dBi

	USA
	Wireless microphone
	–107

(averaged over 200 kHz)
	“OR” rule
	Detection threshold referenced to an omni-directional receive antenna with a gain of 0 dBi


aThe value “1” indicates detection.

Other requirements for the 2.7 GHz to 3.7 GHz band shall be defined based on the evolving regulations. For example, the spectrum sensing devices in the 2.7 GHz to 3.7 GHz can sense for Radar Signals and provide that information to the Spectrum Access System (SAS) that is being defined in thse bands. 
3.5 Device classes and complexity

Following device categories may be considered: 

· Energy Efficient Devices: This standard should provide mechanisms of energy efficient operations, eg. Solar Powered or Battery operated Spectrum Sensors for monitoring applications. 
· Small form factor devices: Devices that can fit the spectrum sensing function within a small form factor (e. g. a USB dongle, cell phone etc.)  
· Advanced Spectrum Sensing Devices:  Advanced Spectrum Sensing Devices with capable Radio Frequency Front Ends (RFFE) and dedicated resources for spectrum sensing may be considered.
3.6 Number of devices

This standard shall support at least One Sensing Device to cover a regional area network in some monitoring applications. 

3.7 Network Topology
The network topology will be Point to Multi-point, where thre could be some Spectrum Sensing aggregation entity (e. g. Spectrum Manager as defined in the IEEE Std. 802.22-2011) and there could be client Sensing Devices which have Spectrum Sensing Funtion (SSF)

3.8 Real-time applications
The sensing devices will be performing spectrum sensing functions in real time, based on the demand from the Spectrum Manager as well as autonomously. However, the spectrum sensing reporting may be carried out on a Best Effort (BE) basis, since the SCOS System uses any available transport mechanism (e. g. 802.11, 802.22, Ethernet, Cable, Cellular etc.). 
The SCOS system will benefit if sensing reports from various sensors are provided on a reasonable time-scales (e. g. minutes) so that the information is not stale. However, this is not a mandatory requirement. Also, the messaging format may be defined such that it does not produce excessive overhead penalty on the transport layer being used. 
3.9 Security
This standard may provide enhancement to exsiting or alternate cognitive security mechanisms which are enabled as a result of spectrum sensing. This may result in additional information to the database which includes enhanced situational awareness, as well as authentication of the protected devices. 
Since this standard uses any available transport mechanism, it will not recommend its own security mechanisms, but will use the existing security mechanisms of the transport mechanism being used (e. g. 802.11 using Transmission Layer Security). 
This Standard shall not support mechanisms to go into the internals of the signals. For example, any kind of demodulation of the signals that may interfere with the privacy of the users shall not be not be supported. However, the SCOS system shall support sophisticated spectrum sensing methods such as cyclostationary processing that can detect signals and characterize their modulation. This could complment the database service by providing value added in situ awareness of the spectrum occupancy in that location. 

3.10 Channelization

This standard may specify a Spectrum Manager entity that can command various sensors to go and sense in certain bands, or it may even specify the spectrum sensors to ignore certain bands from sensing. 

This standard may provide one primary channelization map for all the spectrum sensors (e. g. 5 MHz).

3.11 Reporting to the Database Service

This standard may define interfaces from the Spectrum Manager entity to the Database Service to provide value added information back to the database on spectrum sensing. 
3.12 Sensor Location
The SCOS System should convey the location of the sensors to the aggregarion entity such as the Spectrum Manager or the Local Database. This feature allows the SM or the aggregation entity to localize the proximity of the signal source location allowing more efficient spectrum management. 

4. Selection Criteria for the Proposals

Below are the selection criteria for the proposals submitted towards the IEEE 802.22.3 Standard. Any proposal submitted for inclusion in the IEEE 802.22.3 Specification shall meet the criteria specified below: 

	
	Requirement
	Value
	Description

	Spectrum Characterization and Occupancy Sensing System
	
	
	

	
	Networked Spectrum Sensing 
	-
	The SCOS system should be able to conduct Networked Spectrum Sensing

	
	Number of Devices Supported
	SCOS Systems shall have at least one Spectrum Sensing Device
	At least One Spectrum Sensing Device will be supported by the SCOS System. Typically multiple SSDs are likely to be deployed for each SCOS System. 

	
	Time Logging
	Yes
	SCOS System should be capable of logging the time when sensing was conducted

	
	Location of the Devices
	Yes
	The SCOS System should have the mechanism to report the locations of the SSDs

	
	Sensing Periodicity
	Yes
	*A SCOS System should have at least one device that meets the Sensing Periodicity requirement for a particular signal type in a particular regulatory regime.

	Spectrum Manager
	
	
	

	Defines an Application that Polls Spectrum Sensing Devices for Sensing Information
	Number of Devices Suspported
	≥ 1
	SM should be able to support at least One Spectrum Sensing Device

	
	Connectivity to Database
	Yes
	SM should specify mechanisms to connect to a database to convey the aggregated  spectrum sensing information

	Spectrum Sensing Device (SSD)
	
	
	

	
	Frequency Band of Operation
	< 1 GHz

Or 2.7 GHz – 3.7 GHz
	The Spectrum Sensing Device shall support operation < 1 GHz or operation from 2.7 GHz – 3.7 GHz

	
	Spectrum Sensing Duration 
	>100 uS
	The spectrum sensing device shall be capable of sensing for at least 100 micro seconds

	
	Sensitivity
	At least down to 0 dB Signal to Noise Ratio
	The sensing device shall be capable of detecting signals at least down to 0 dB Signal to Noise Ratio however, SNR sensitivity below 0 dB is encouraged. 

*A SCOS System should have at least one device that meets the spectrum sensing requirement for a particular signal type in a particular regulatory regime.

	
	Channelization 
	Multiples of 5 MHz
	The SSD should provide spectrum sensing in multiples of 5 MHz
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