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2. Deployment
This section is intended to be used as a guide by the owner of the WRAN service and the individual responsible for selecting the service area of the WRAN system.
1.1 Coverage and Interference Prediction Model

Use a more precise coverage and interference model than the FCC Part 73 coverage curves or the ITU-R Recommendation P.1546 for deployment planning of WRAN systems.

1.1.1 Characteristics

Use a coverage and interference prediction model for the planning of a WRAN service that incorporates 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.

1.1.2 Statistics

Use the following statistical information when performing a coverage and interference prediction analysis:
· 802.22 coverage simulations should use 90 % and 10 % for time availability for desired and undesired signals, respectively and 50 % for location availability.
· Digital television (DTV) interference analysis should use 90 % and 10 % for time availability for desired and undesired signals, respectively and 50 % for location availability.

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

1.2.1 Selection of Deployment Location

1.2.2 Keep-Out Distance Recommendations
a. Locate WRAN devices outside the keep-out distance that is beyond co- and adjacent channel protected contours of TV stations that is specified by the local regulations.

b. Locate WRAN devices outside the regulatory required keep-out distances from translator receive sites, cable headends, fixed broadcast auxiliary service links, Private Land Moblie Radio Services/Commercial Mobile Radio Services, offshore radiotelephone services, Part 74 devices including wireless microphones, border areas, and radio astronomy services that are registered as protected services in the database service.

c. Collect specific data that would influence RF propagation, including the difference in height between transmitter and receiver, terrain, ground cover, and atmospheric characteristics for the deployment area of interest.

d. Use the data collected in Recommendation 1.2.1.c as input into an RF propagation prediction tool with the characteristics listed in Recommedation 1.1.1 to determine the necessary keep-out distances to avoid causing harmful interference.
e. Respect the greater keep-out distances between those required from Recommendation 1.2.1.a, those required from Recommendation 1.2.1.b, and those resulting from Recommendation 1.2.1.d.

f. Locate a WRAN device’s transmit antenna at a 16 m minimum distance from the closest TV receiver to avoid causing taboo and third-order intermodulation interference while operating on second adjacent channel relationships and beyond inside the protected contour.

g. Avoid 1 dB of WRAN receiver desensitization as caused by a high power TV transmission by adhering to the minimum separation distances as provided in the following table:

Table 1:  Distance from a 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

h. Maintain the necessary separation from high power TV transmitters in order to avoid saturation of the WRAN receiver.
i. Avoid a channel that is occupied by Part 74 operation, be located beyond a radius of 4 km from the Part 74 receiver, or reduce the maximum TPC limit according to the following equation:

Tapering = Path loss exponent * 10*log(actual distance (km)/4)   (dB)

where:
path loss exponent = 3.0
1.2.3 Interference Considerations
1.2.3.1 Interference into Incumbent Services

a. Do not cause harmful interference into the protected licensed services.

b. Do not allow the CPE to be located closer than the separation distance for each channel relationship provided in Table 2 from a DTV receive antenna.

	Table 2: Separation Distance between a CPE Transmit Antenna and a DTV Receive Antenna
Channel Relationship
	Separation Distance (m)


	N
	3,450


	N+/-1
	87


	N+/-2
	76


	N+/-3
	29


	N+/-4
	11


	N+/-5
	6


	N+/-6
	6


	N+/-7
	6


	N+/-8
	6


	N+/-9
	6


	N+/-10
	6


	N+/-11
	6


	N+/-12
	6


	N+/-13
	6


	N+/-14
	34


	N+/-15
	34


	All other channels
	3



c. Do not allow a CPE to operate within a DTV protected contour on any of the channel relationships where the recommended separation distance exceeds 20 m as shown in Table 2.  These channel relationships include N, N+/-1, N+/-2, N+/-3, N+/-14, N+/-15.

1.2.3.2 Interference from Incumbent Services

Plan the deployment area so that WRAN receivers are capable of operating at QPSK modulation tolerating an undesired co-channel interference signal level from licensed services that is 8 dB lower than the desired received signal level (i.e., an operating margin that is at least an 8 dB D/U ratio).

1.2.3.3 Coexistence with other Unlicensed Services

a. Avoid causing harmful interference into other services as much as possible.
b. Use the means provided in the standard for self-coexistence to coexist as much as possible with other unlicensed systems.

c. Deploy a sufficient number of CPEs about the outer edge of the coverage area to increase the probability of successful reception of coexistence beacon protocol (CBP) transmissions.
Unreliable CBP burst transmissions across overlapping WRAN cells on the same TV channel would not allow proper coexistence and would result in either interference or having to switch to different channels for operation.

d. Prevent BS interference into neighboring BSs by avoiding line of sight (LOS) and maximizing the separation distances between BSs.

3. Interference between LOS or nearby BSs operating on the same TV channel will create upstream/downstream collisions.  These collisions would be prevented by automatic techniques that are inherent to the system design but would result in less capacity.  These techniques include either a synchronization of the upstream/downstream split, a reduction of the upstream/downstream flexibility, or an allocation of different frames for each BS.  
4. Installation

After the WRAN system planner completes the suggested deployment process described above in Section 1, 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.
2.1 System

a. Install only certified 802.22 equipment.

b. Comprise the WRAN system of a BS and CPEs.

c. Do not install equipment with physical damage or loose connectors.

d. Utilize appropriate weather stripping tape to any connector that might be exposed to the outdoor environment.

2.1.1 Cable Protection

a. Install transmitting equipment at least 10 m away from cable TV equipment.
b. Check nearby TV receivers to ensure that the installed WRAN transmission does not cause interference to the TV service.

c. Ensure that metallic objects or reflectors are not close to or in the path of the WRAN transmitting antenna.

2.2 Base Station

a. Perform and inspect the installation of BSs by a trained, competent professional, such as a NARTE
 Certified EMC
 Engineer, an SBE
 Certified Professional Broadcast Engineer, or a Registered Professional Engineer.

b. Ensure that the BS does not transmit unless it has established a communication connection with the database service and has received channel availability information from the database service.

c. Configure the BS with the network address of the database service.
d. Configure the BS with the network address of the root Certificate Authority that issues the certificate to the database service.
e. Install the BS antennas in a fixed position, outdoors, and in the clear.
f. Install the BS antennas at a height that satisfies the local regulations.
2.2.1 Transmit/Receive Antenna

a. Use a BS transmit/receive antenna with at least 8 dBi of gain contributed by the vertical pattern.
b. Orient the BS transmit/receive antenna so that its polarization is orthogonal to that of the television receive antennas in the area, within a tolerance of 3 deg.

2.2.2 Sensing Antenna

a. Use a BS sensing 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.
b. If the sensing antenna provides less gain than 0 dBi in any azimuthal direction or polarization, adjust the sensing threshold to be more sensitive to account for the dB loss in antenna gain.
c. Use a BS sensing antenna that has similar gain in both horizontal and vertical polarizations.

2.3 Customer Premises Equipment (CPE)

a. Perform and inspect the installation of CPEs 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.

b. Prevent CPE transmissions absent reliable verification of the Recommendations 2.1.1.a, 2.1.1.b, 2.1.1.c, and 2.3.a.

c. Permanently install the CPE sensing antenna outdoors, in the clear, on a fixed structure, and properly aligned.

d. Verify that the CPE sensing antenna remains in the location where it was installed.
e. Employ provisions to prevent the use of antenna equipment that could impair or defeat Recommendations 2.3.a, 2.3.b, 2.3.c, and 2.3.d.

2.3.1 Transmit/Receive Antenna

a. Enforce a minimum separation distance of 3 m (see Table 2) between the CPE transmit/receive antenna and DTV receiving antennas.

b. Orient the CPE transmit/receive antenna so that it and the TV receive antenna are pointed away from each other.

c. Install the CPE transmit/receive antenna so that the TV receive antenna is not in the path between the CPE transmit/receive antenna and the BS.

d. Avoid cable leakage and impedance mismatch between the CPE transmit/receive antenna and the CPE receiver.

2.3.1.1 Installation Height

Install the CPE transmit/receive antenna outdoors at a nominal height of 10 meters above ground level and co-located with the CPE sensing antenna.

2.3.1.2 Pattern

a. Do not allow the gain differential between the transmit and receive patterns to exceed 0.5 dB.

b. Orient the CPE transmit/receive antenna toward the base station of the selected service provider.
c. Re-orient the CPE transmit/receive antenna toward the new service provider if a new service provider is selected.
d. Further adjust the CPE transmit/receive antenna to minimize the gain in the direction of an interfering source.
e. Use CPE transmit/receive antennas that are polarized orthogonally to nearby DTV receive antennas.
f. Ensure that the CPE transmit/receive antenna is oriented in the polarization plane within a tolerance of 10 deg.
g. Mount the CPE transmit/receive antenna at the same height as the nearby TV receive antenna.
2.3.2 Sensing Antenna

2.3.2.1 Installation Height

a. Install the CPE sensing antenna outdoors at a nominal height of 10 meters above ground level and co-located with the the CPE transmit/receive antenna.

b. Give special attention to the installation of the sensing antenna to make sure that the sensing capabilities of the CPE are not impacted by local obstructions.

2.3.2.2 Pattern

a. Use a CPE sensing 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.

b. Use a CPE sensing antenna that is able to receive equally on both horizontal and vertical polarizations.

Annex 1
Planning of Service Procedure Example

· Acquire the necessary tools and information.

i. WRAN BS operating parameters

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

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

· 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.

· 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.

i. Incumbent database

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

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

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

i. Propagation analysis tool

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

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

iv. 30 meter United States Geological Survey terrain data.

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

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

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

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

ix. 802.22 coverage simulations use 99.9 % time availability.

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

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

xii. 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.
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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: image5.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: image6.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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