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2.5. 

2. Interference

Interference into Incument Services

Interference from Incumbent Services

Interference with other Services


Do not do willful interference.
IEEE 802.22 is a standard designed to accommodate unlicensed operation in the TV bands.  A WRAN device will therefore operate in a frequency bands that are also allocated to established primary and secondary licensed services.  Since the WRAN device operates unlicensed, it must not cause harmful interference into the protected licensed services.  The WRAN device must accept and be capable of tolerating any and all interference that is caused by the licensed services.  A description of the kinds of interference that can be caused and experienced by WRAN devices is described in this section.
Interference can occur in several different situations.  Interference can occur in the channel when transmissions exceed the desired-to-undesired ratio of power received.  Interference can also be experienced in the form of overload when an unintentional transmission is received at a high power in any channel.  If a transmission is not adequately filtered outside of its intended channel, energy can leak into the adjacent channel and cause interference from out-of-band emissions.  Transmissions outside of the channel on which the receiver is tuned can cause intermodulation interference this signal distorts the intended transmission due to the non-linear reponse of the mixer in the receiver.  Each of these interference mechanisms are described in the floowing sections.
2.1. Overload

2.2. Co-Channel

2.3. Out-of-Band Emissions

It is assumed that the level of out-of-band emissions from a WRAN CPE is such that it will result in a TV receiver desensitization of no more than 1 dB in the most demanding receiving condition - at the edge of the protected contour.  A 41 dB(uV/m) field strength as required for DTV reception at the noise limited contour corresponds to a signal level of –83.9 dBm at the input of the DTV receiver (depends on numerous factors – need to be more specific /Winston/ based on the OET 69 Planning Factors).  With a required SNR of 15.2 dB and a margin of 5.9 dB to limit the impact to 1 dB desensitization, this results in a level of –105 dBm.   A 4 W CPE using vertical polarization and located at 10 m from a DTV receiving installation produces a –18 dBm at the input of the DTV receiver.  1 dB receiver desensitization will be achieved with a –18 – 105 = 87 dB out-of-band suppression at the output of the CPE.

Since the minimum field strength at the Grade B contour of the NTSC coverage is 64 dB(uV/m), the out-of-band rejection requirement necessary for DTV will be the driving factor.

Values are needed for other TV systems. [This section may not be necessary.  We do not need to justify the emissions mask in the standard.  If this section is needed, a methodology to calculate may be more appropriate.  This section might be attempting to state the necessary out-of-band rejection of a CPE to operate.]

2.4. Third-Order Intermodulation

Special attention will be needed from the WRAN operator to avoid third-order intermodulation products from two  signals present at the TV receiver that fall in the selected channel due to non-linearities in the TV receiver front-end.  From the geolocation capabilities of the WRAN system, the availability of the incumbent database and the results of RF sensing, the WRAN operator will be in a position to know within which protected contours each of his CPEs are located.  A simple calculation considering the ‘2A-B’ intermodulation scenario will indicate which channels would generate an intermod component falling on a protected channel at the nearby TV receivers.  The use of these channels should be avoided for the given CPE.  If the CPE needs to use the channel because of the lack of other available channels, an additional 15 dB [tbd] reduction in the maximum EIRP level of the TPC range will need to be applied.  A representative diagram might help demonstrate.

3. Coexistence

1.1. Coexistence

1.1.1 Coexistence Policy

4. Deployment

This section is intended to be used as a guide by the owner of the WRAN service and the surveyor who selects the area of deployment for the WRAN system.
The WRAN systems are to provide broadband access services while protecting the incumbent services in the TV bands from interference.  Although WRAN systems employ interference mitigation techniques such as geo-location technology paired with an incumbent database containing TV station, Part 74, and WRAN information, sensing, and dynamic frequency selection (DFS), careful planning of the service will be needed to avoid excessive future service disruption.  Protection margins should be used in the planning of the systems to avoid future unexpected situations.  Service continuity and reliability will indeed depend on the quality of this initial planning.
4.1. Coverage and Interference Prediction Model

Although the original FCC coverage curves contained in Part 73 are used to define the TV protected contours and the Recommendation ITU-R P.1546 propagation model was used in the system studies for the development of the 802.22 standard, a more precise coverage and interference model should be used in the deployment planning of WRAN systems.  More precise coverage computer predictions will result in accurate coverage areas and will identify complex interference situations that need to be avoided.

4.1.1 Characteristics

The coverage and interference prediction model that should be utilized in the planning of a WRAN service should incorporate at least the following:

· Point-to-point propagation model.

· Desired to undesired protection ratios (D/U) for the various channel relationships considered should be selected from a scientific reference that provides results from analysis examining the specific modulations used by both the desired and undesired signals. 
· Transmitting and receive antenna pattern characteristics for the incumbent, BS, and CPEs.

· Height of the transmitting antenna Above Ground Level (AGL).

· 30 meter terrain data.

· Population from current census data.

· K-factor and other atmospheric effects on signal fading.

· Ground cover (wetlands, desert, tropical, etc)

· Ground clutter (trees, urban buildings, etc).

· Long term fading effects, such as those described in Environmental Science Services Administration (ESSA) Technical Report ESSA Research Laboratories 79-Institute for Telecommunication Sciences 67.

· Surface of the Earth electrical characteristics, such as those described in the Recommendation ITU-R P.527-3.

4.1.2 Statistics

All coverage and interference prediction is a statistical exercise.  Depending on the statistics, the coverage and interference prediction model will return different results.  Coverage and interference prediction is statistically multidimensional and is typically represented in terms of percent of locations and in percent of time.  When performing coverage and interference prediction, a system planner should use the following statistical information.
· 802.22 coverage simulations should use 99.9 % time availability.

· Digital television (DTV) interference analysis should use 90 % and 10 % for time availability for desired and undesired signals, respectively.

· Analog interference analysis desired and undesired signals use 50 % and 10 %, respectively for time availability.

The protected contours are defined by 50% of locations and 90% of time.
4.2. Selection of Deployment Location

Proposers should be mindful in terms of system architectural considerations that, in the interest of coexistence and avoidance of interference to incumbent TV operations, WRAN BSs will have to be located outside the keep-out distance that is beyond co- and adjacent channel protected contours of TV stations as specified in Section 2.  The keep-out distances that have been provided in this document are calculated by making certain assumptions.  Because of these assumptions, deploying a WRAN system according to the specified keep-out distance will neither guarantee avoidance of interference to incumbents nor from incumbents into the WRAN.  Fortunately, during the planning stage of the system, there is an opportunity to identify a set of areas of interest for potential deployment.  Specific data that would influence RF propagation, including the difference in height between transmitter and receiver, terrain, ground cover, and atmospheric characteristics, could be collected for one of these deployment areas of interest.  A system planner should utilize an RF propagation prediction tool (as described in section 4.1.1.1) that accounts for this specific data that more accurately describes the characteristics of an interested deployment area.  Proper engineering utilizing a more accurate RF propagation prediction tool might result in keep-out distances that are larger than the values given in Section 2.  The system planner should respect the larger keep-out distance to avoid causing interference to an incumbent receiver located inside of a protected contour.
In the case where the WRAN system is to operate on second adjacent channel relationships or beyond relative to a local TV operation, the WRAN BS and CPEs will be allowed to operate inside the protected contour.  The BS will need to be located at some minimum distance from the closest TV receiver to avoid interference.  The reference minimum distance from a TV receiver is assumed to be 16 m for the CPEs, which is based on the reference minimum separation for an outdoor transmitter as stated by US regulations.  The allowed maximum EIRP of the WRAN transmit devices will also need to be scaled according to the EIRP profile as defined in section 3 to avoid taboo channel and third-order intermodulation interference.
It should be realized that, although the keep-out distances for co-channel and adjacent channel operation were calculated from the consideration of interference for the WRAN terminals into DTV or analog TV reception, the interference in the reverse direction will also need to be considered by the WRAN system planner.
To demonstrate the implications of receiving harmful interference by a TV station, Table 11 gives the minimum distances that will result in a 1 dB WRAN receiver desensitization.  

Table 11:  Distance for the DTV transmit station

	DTV into WRAN 
	Desens.
	CPE
	BS

	Co-channel, N
	1 dB
	406 km
	TBD for 75m

	Adjacent channels, N±1
	1 dB
	91.2 km
	TBD for 75 m

	N±2 and beyond
	1 dB
	6.6 km
	TBD for 75 m


Note: ITU-R Rec. P.1546, 1 MW ERP and 300 m HAAT DTV station

As can be seen from the large distances in comparison to the values given in section 2, the co-channel interference from the DTV signal into WRAN reception is much more severe than in the WRAN into DTV direction due to the larger power of the DTV transmitter.  Because an incumbent transmitter can transmit at such a high power, it may cause hamful interference into a WRAN system over a radius of about 400 km or greater.  However, the WRAN system planner may decide to reduce the extent of his WRAN coverage and allow his receivers to suffer more than the assumed 1 dB desensitization.  BS and CPEs could then be located closer than the distances given in Table 11. Nonetheless, the system planner will still have to meet the keep-out distances specified in Section 2.

In the case of the adjacent channel, the WRAN interference into DTV reception might be the constraining case.  The minimum distance needed to prevent DTV interference into the WRAN service may be less than the distance to the protected contour depending on the relative selectivity of the WRAN receiver.  Table 12 (missing table) also indicates that CPEs and BSs operating on N+/-2 and beyond that are located too close to a TV transmitter may suffer desensitization from the out-of-band emissions from the TV transmissions.  Again, the WRAN system planner may decide to reduce the extent of his WRAN coverage and allow his receivers to suffer more that the 1 dB desensitization.  The BS and CPEs could then be located closer than the minimum distances given in Table 12 (missing table).  It is likely, however, that considering the extent of the out-of-band rejection of the DTV transmitter in these alternate channels, the WRAN receivers will be saturated long before this desensitization due to the DTV out-of-band signal take place.  [some more calculations needed here.] 

The coupling between WRAN and TV reception for alternate channel operation should be considered in terms of absolute levels of power at the input of the TV receiver rather than an additional discrimination to be added to the TV receive antenna gain since there will be a tendency for the TV receiving installation to use a lower gain receive antenna when the local TV signal field strength is higher.  The important point is to keep the WRAN power level at the input of the TV receiver below the saturation level of the TV receiver. Comes from Docs. 230, 231, 232

Once Part 74 operation and its location has been identified 4 Watt CPEs will have to avoid the occupied channel, be located beyond a radius of 4 km from the Part 74 receiver, or reduce their maximum TPC limit accordingly.  The amount of tapering in dB from the maximum allowed EIRP will be defined as follows from the fraction of the actual distance to the [protected contour (have to find a new term relating to Part 74)] to the distance indicated in the table:

Tapering = Path loss exponent * 10*log(actual distance/distance in the table)   (dB)

where:
path loss exponent = 3.0   [tbd]

5. Installation

After the WRAN system planner completes the suggested deployment process described above in Section 7, the professional installer should follow the suggestions provided in this section for a proper installation.  This section also describes the characteristics of the WRAN system devices that should be installed.    The 802.22 standard was designed while assuming the WRAN system characteristics provided in this section.
5.1. System
The WRAN system is comprised of a BS and CPEs.

The installer should not install equipment with physical damage or loose connectors.
The installer should utilize appropriate weather stripping tape to any connector that might be exposed to the outdoor environment.

5.1.1. 




5.1.2. Cable Protection




The installer should install transmitting equipment at least 10 m away from cable TV equipment.
The installer should check nearby TV receivers to ensure that the installed WRAN transmission does not cause interference to the TV service.

The installer should ensure that metallic objects or reflectors are not close to or in the path of the WRAN transmitting antenna.
5.2. Base Station

It is an IEEE 802.22 requirement that BSs shall be professionally installed and maintained.

"Professional installation" means that the installation must be supervised or inspected by a trained, competent professional, such as e.g. a NARTE
 Certified EMC
 Engineer, an SBE
 Certified Professional Broadcast Engineer, or a Registered Professional Engineer.

It is a regulated requirement that the professional installer should ensure that the BS does not transmit unless communication between the BS and the database is established.

5.2.1. 
The BS antennas are required to be installed in a fixed position, outdoor, and in the clear.  The installer should install the BS antenna at a height that siatisfies the local regulations.
5.2.2. Transmit/Receive Antenna

It is recommended that the BS transmit/receive antenna is Omni-directional with 8 dBi of elevation gain.
It is recommended that the antenna is oriented orthogonal to the orientation of the nominal television receive antennas in the area in the polarization plane within a tolerance of 3 deg.  In other words, if the TV receiver antenna uses horizontal polarization, the BS transmit/receive antenna should use vertical polarization.
5.2.3. Sensing Antenna

The BS shall sense licensed transmissions using a sense antenna with a gain of 0 dBi or greater (where all losses between the antenna and the input to the receiver are included) in any azimuthal direction and polarization.  If the sensing antenna provides less gain than 0 dBi in any azimuthal direction or polarization, the sensing threshold must be adjusted to be more sensitive to account for the dB loss in antenna gain.
For effective sensing capability, the antenna has to have similar gain in both horizontal and vertical polarizations.

5.3. Customer Premises Equipment (CPE)

It is an IEEE 802.22 requirement that CPEs shall be professionally installed and maintained.  Proper CPE installations shall be verifiable.  Means may be provided to allow verification of proper CPE installation remotely from the base station. Automatic system verification of correct installation is beneficial.  CPEs shall not transmit absent reliable verification.  In the absence of any automated verification method, visual verification of proper installation will be necessary.

The required sensing thresholds are -116 dBm for the DTV service, -94 dBm for the analog TV service, and -107 dBm for wireless microphones and are based on the assumptions that the CPE antennas are permanently installed outdoors, in the clear, on a fixed structure, and are properly aligned.

Verification that the CPE antennas are permanently installed outdoors on a fixed structure and are properly aligned is required.

Verification that the CPE antennas remain in the location where they were installed is required.
Provisions should be employed to prevent the use of antenna equipment that could impair or defeat the recommendations on antenna installation given in the above paragraphs.

5.3.1. Transmit/Receive Antenna

A minimum separation distance of 10 m between the CPE transmit/receive antenna and DTV receiving antennas is required.

5.3.1.1. Installation Height

The CPE transmit/receive antenna is assumed to be installed outdoors at a nominal height of 10 meters above ground level and co-located with the sense antenna.

The CPE transmit/receive antenna needs to be installed outside to minimize the blockage, minimize the TPC level and maximize the transmit capacity (since more efficient modulation can be used) as much as possible.

5.3.1.2. Pattern

The transmit/receive antenna of the CPE will most likely use a directional antenna pattern.  Main beam coupling may exist between the antennas for channels N±2 and beyond inside the noise-limited protected contour.

The gain differential between the transmit and receive patterns should not exceed 0.5 dB.

The antenna needs to be oriented toward the base station of the selected service provider.  It is possible that if a new service provider is selected for technical or other reasons, it is assumed that antenna will be re-oriented toward the new service provider antenna.
Verification that the CPE transmit/receive antenna is oriented properly to minimize the CPE transmit power resulting from the use of local TPC is required.  Proper orientation will allow the TPC level to be kept to its minimum and or maximize the transmit capacity (since more efficient modulation can be used).  Some further adjustment of the antenna may be needed to minimize the gain in the direction of an interfering source.  This further adjustment to minimize interference may trade off gain in the direction of the service provider BS.
In the case of co-channel and first adjacent channel operation, the CPE transmit/receive antenna and the TV receive antenna are assumed to be looking away from each other since the BS has to be located at a certain distance outside the noise-limited protected contour of the TV station.  In this case, the back-lobe rejection of both antennas will lower the potential of interference.

WRAN CPE transmit/receive antennas should be polarized orthogonally to nearby DTV receive antennas to provide additional isolation through cross-polarization discrimination.  For channels N±2 and beyond, polarization discrimination is the only way to increase isolation because the front-to-back rejection might not be available.  The antenna has to be oriented vertically in the polarization plane within a tolerance of 10 deg.
In order to maximize the polarization discrimination toward a nearby TV receiving installation, it is preferable to mount the antenna at the same height as the nearby TV receive antenna.
5.3.1.3. 

5.3.2. Sensing Antenna

5.3.2.1. Installation Height

The CPE sensing antenna is assumed to be installed outdoors at a nominal height of 10 meters above ground level and co-located with the transmit/receive antenna.

Special attention should be given to the installation of the outdoor antenna to make sure that the sensing capabilities of the CPE are not impacted by local obstructions.

5.3.2.2. Pattern

It is an IEEE 802.22 requirement that the CPEs shall sense licensed transmissions using an antenna with 0 dBi gain or greater (where all losses between the antenna and the input to the receiver are included) in any azimuthal direction and polarization.  Therefore, the sensing antenna gain has to be at least 0 dBi. 

The sensing antenna needs to receive equally on both polarizations for TV sensing and Part 74 wireless microphones.

5.3.2.3. 

6. Operation

6.1. System

6.1.1. Continuous Monitoring

6.1.2. Software

Devices must include features to ensure that only software that is approved with a device can be loaded into this device, and the software may not allow the user to operate the device with parameters outside those that were approved.  “Software” in this context includes the software that selects a device’s operating frequency, determines a device’s geographic location, identifies TV channels that are vacant, and accesses information in a related database.

6.1.3. Distributed Sensing

Sensing reliability may be improved by the collaborative sensing from a number of well selected CPEs.  Information  on the geo-location of the CPE relative to the presumed origin of the signal will be available at the BS.  [We are hoping for text from A. Mody and R. Reddy.]

6.2. Base Station

Different classes of BSs with different conditions of operation such as transmit power levels, etc., are supported where permitted by regulatory domains.

6.2.1. Requests to the CPE

The BS SHALL be able to request local interference sensing and channel scanning from a CPE at any time.  When a new CPE attempts to register with a BS,, the BS shall verify that the local interference potential from the CPE would allow the CPE to access the network.

6.2.2. Maximum Effective Isotropic Radiated Power (EIRP)

The default class of base station SHALL operate at a maximum of 4 W EIRP.

6.2.3. Duty Cycle

Base stations SHALL support 100% transmit duty cycle at rated power.

6.2.4. Monitoring

The BS or its operator SHALL periodically access a TV channel availability database derived from current FCC data and computational software to ensure that occupied channels by TV remain unused.

6.2.4.1 Manual Monitoring

6.2.4.2 Automatic Monitoring

Information will be sent and collated at the base station where mapping of the interference situation will be made based on the sensing information from the CPEs and according to their respective geographic coordinates.  Solutions to avoid interference will be deduced at the base station and measures will be signalled to the CPEs such as channel change or power reduction.

Sensing reliability is improved by the collaborative sensing from a number of well selected CPEs based on their geo-location relative to the presumed origin of the signal since all this information will be available at the base station.  The sensing scheme needs to be considered more as a component of a more complex distributed sensing system than an independent device that, on its own, needs to meet the sensing requirement.[This is redundant].

6.3. Customer Premises Equipment

6.3.1. Maximum Effective Isotropic Radiated Power

4 Watt maximum CPE transmit EIRP.
Accordingly, the maximum transmitted CPE EIRP will have to be limited (by capping the TPC range) to a value that is related to the channel separation between WRAN and TV operations.

6.3.2. 

6.3.3. Monitoring

The BS or its operator SHALL periodically access a TV channel availability database derived from current FCC data and computational software to ensure that occupied channels by TV remain unused.

6.3.3.1 Manual Monitoring

6.3.3.2 Automatic Monitoring

Note that the information acquired from the local WRAN base stations through the CHO-UPD MAC message during initialization could be used to skip the channels where presence of WRAN or incumbent operation is known. However, since time is less critical at initialization, it may be useful that the CPE carries out the above detection and sensing process to confirm the local presence of WRAN or incumbent operation as indicated in the CHO-UPD MAC message.

Annex 1

Planning of Service Procedure Example [Need to also describe a simpler methodology for deployment also (involving a simpler propagation model, F(50,50) and separation distances).***]

1. Acquire the necessary tools and information.

· WRAN BS operating parameters

i. Antenna characteristics (OMNI-directional dipole is assumed)

ii. Intended height of the center of radiation (AGL) (75 m is assumed)

iii. Operating channel

· Incumbent receiver characteristics

Table : Incumbent Receiver Characteristics

	
	Low VHF
	High VHF
	UHF

	Lead in loss (dB)
	1
	2
	4

	Front to back ratio (dB)
	10
	12
	14

	Antenna gain (dBi)
	6.15
	8.15
	12.15


i. Receivers are outdoors at 9 m height.

ii. Receiver antenna patterns use a cosine exponent equal to 4.  If the azimuth offset between the WRAN transmission and the main lobe of the receiver antenna azimuth pattern is less than 90 degrees, the pattern contribution returned is the maximum of either the cosine of the azimuth offset raised by the pattern exponent or the front-to-back ratio.  If the azimuth offset is greater than 90 degrees, the pattern contribution is equal to the front-to-back ratio.

· Incumbent database

i. TV transmitter operating parameters are from the 12/20/06 FCC CDBS database.

ii. Only co-channel and adjacent channel interference was considered (“taboo” channel relationships were not considered).

iii. Only high power TV stations were considered (low power or “class A” TV stations were not considered).

· Propagation analysis tool

i. 8-Vestigial Side-Band (8-VSB) Advanced Television Systems Committee modulation for 802.22 systems.

ii. Desired to undesired ratios (D/U) from the Federal Communications Commission (FCC) Office of Engineering and Technology Bulletin 69.

iii. 30 meter United States Geological Survey terrain data.

iv. Population from 2000 Topographically Integrated Geographic Encoding and Referencing system census data.

v. Terrain Integrated Rough Earth Model propagation prediction model (TIREM).

vi. Long Term Fading, Environmental Science Services Administration (ESSA) Technical Report ESSA Research Laboratories 79-Institute for Telecommunication Sciences 67.

vii. Surface of the Earth Electrical Characteristics from International Telecommunication Union Recommendation 527-3.

viii. 802.22 coverage simulations use 99.9 % time availability.

ix. Digital television (DTV) interference analysis, desired and undesired signals use 90 % and 10 %, respectively for time availability.

x. Analog interference analysis desired and undesired signals use 50 % and 10 %, respectively for time availability.

xi. Other assumptions regarding transmitter and receiver parameters for link budgets are from 802.22 document number 22-04-0002-10-0000.

2. Identify the area of interest to deploy the WRAN service.

In this example, a location in Linden, TN was chosen (35.37°, -87.50°)

3. Determine a useable channel by plotting the co- and adjacent channel incumbent service noise-limited contours in the area of interest.

	
[image: image3]
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Note: The figures above do not accurately represent final post-transition DTV service or associated service contours.

Current co- and adjacent channel DTV noise-limited contours were plotted in the Linden, TN area for channels 25 through 30.  In the figures above, the black circle is a 40 km radius circle with center at a site in Linden, TN of high terrain elevation.  The red contours are the co- and adjacent channel DTV noise-limited contours.  It can be seen in the figures above that channels 26 through 28 are unusable for the Linden, TN site.  It appears that channels 25, 29, and 30 are possible because the selected site would not be contained within either a co- or adjacent channel DTV noise-limited contour.

For this example channel 30 is selected.

4. Analyze the coverage achieved by the WRAN system.

[image: image7.wmf]
Note: The figure above is still being developed.  Coverage shown may not be accurate.

The 4 W transmission from the WRAN BS does a good job serving the 40 km circle with a -102 dBm signal or greater.  Hovever the interference caused to this transmission from the nearby co- and adjacent channel higher power DTV transmissions is significant.  The interference is represented by the gray color in the figure above.

5. Analyze the interference potential into the planned WRAN system from the nearby DTV service.

[image: image8.wmf]
Note: The figure above is still being developed.  The interference shown may not be accurate.

The co- and adjacent channel interference into the WRAN BS from the nearby DTV transmissions is once again depicted in the figure above.  In this figure the interference is color coded to indicate the particular station that is causing the particular interference.
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Abstract


This document will serve as the working document toward the draft 802.22.2 Recommended Practice.
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