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PREFACE

A spectrum survey often depends upon significant efforts by personnel not directly involved in
the measurements. We wish to thank the following people and organizations who made the
spectrum survey at San Francisco, California, a success. Watson Communications, who allowed
us to use their site on Grizzly Peak as a measurement location; the U.S. Coast Guard, who
allowed us to use their facilities on Yerba Buena Island as a measurement location; and the
California State Parks Department, and Mr. James Burke of that Department, who allowed us to
use the summit of Angel Island as a measurement location.

Certain commercial equipment and software are identified in this report to adequately describe
the measurements. In no case does such identification imply recommendation or endorsement
by the National Telecommunications and Information Administration (NTIA), nor does it imply
that the equipment or software identified are necessarily the best available for the application.

This report is available on the World Wide Web through the Institute for Telecommunication
Sciences (ITS) home page. The ITS home page address is: http://www.its.bldrdoc.gov.
Descriptions and availability of other NTIA reports are found on the ITS publications page. The
publications page address is. http://www.its.bldrdoc.gov/pub/pubs.html.
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BROADBAND SPECTRUM SURVEY AT
SAN FRANCISCO, CALIFORNIA
MAY-JUNE 1995

Frank H. Sanders, Bradley J. Ramsey, and Vincent S. Lawrence'

The National Telecommunications and Information Administration (NTIA) is
responsible for managing the Federa Government’s use of the radio spectrum. In
discharging this responsibility, NTIA funds the Institute for Telecommunication
Sciences (ITS) radio spectrum measurement system to collect data for spectrum
utilization assessments. This report details such a data collection effort spanning all
of the spectrum from 108 MHz to 19.7 GHz in the metropolitan area of San Francisco,
California, during May and June 1995.

Key words:  land mobileradio (LMR); radar emission spectrum; radio frequency environment;
radio spectrum measurement system (RSMS); spectrum resource assessment;
spectrum survey.

1. INTRODUCTION
1.1 Background

The National Telecommunications and Information Administration (NTIA) is responsible for
managing the Federal Government’s use of the radio spectrum. Part of this responsibility is to
establish policies concerning spectrum assignment, allocation, and use; and to provide the various
departments and agencies with guidance to ensure that their conduct of telecommunications
activities is consistent with these policies [1, part 8.3]. In discharging this responsibility, NTIA
(1) assesses spectrum utilization, (2) identifies existing and/or potential compatibility problems
among the telecommunication systems that belong to various departments and agencies,
(3) provides recommendations for resolving any compatibility conflicts that may exist in the use
of the frequency spectrum, and (4) recommends changes to promote spectrum efficiency and
improve spectrum management procedures.

Since 1973, NTIA has been collecting data on Federal use of the radio frequency spectrum in
support of the NTIA Spectrum Analysis Program. The radio spectrum measurement System
(RSMS) is used by NTIA to provide technical support for severa programs, such as,
(1) Spectrum Resource Assessments (SRAS), (2) U.S. participation in the International
Telecommunication Union (ITU) conferences and ITU Radiocommunication Sector (ITU-R)
activities, (3) analysis of electromagnetic compatibility (EMC) conflicts, (4) interference
resolution, and (5) systems review activity related to new Federa Government systems.

The authors are with the I nstitute for Telecommuni cation Sciences, National Telecommunications
and Information Administration, U.S. Department of Commerce, Boulder, CO 80303-3328.



1.2 Authority

The RSMS is under the administrative control of the Director of ITS. The Deputy Associate
Administrator of the Office of Spectrum Management (OSM) is responsible for meeting the
spectrum management requirements of NTIA, as transmitted to him by the Associate
Administrator of OSM. RSMS measurement activities are authorized by the Deputy Associate
Administrator of OSM in consultation with the Director of ITS. Federal agencies with spectrum
management needs can request support of the RSMS through the Deputy Associate Administrator
of OSM.

1.3 Purpose

Under Departmental Organizational Order 25-7, issued October 5, 1992, and amended
December 3, 1993, the Office of Spectrum Management is responsible for identifying and
conducting measurements necessary to provide NTIA and the various departments and agencies
with information to ensure effective and efficient use of the spectrum. As part of this NTIA
measurement program, spectrum occupancy measurements are conducted using the RSMS. The
spectrum occupancy data presented in this report do not include identification of specific emitters.
The measured data are provided for the spectrum management community to:

» enable a better understanding of how telecommunication systems use the allocated
spectrum;

»  provide timely information on variations in frequency band usage, e.g., identify
frequency bands becoming heavily used;

» support the NTIA system review process by providing information on the
availability of spectrum for new systems; and

» assess the feasibility of promoting alternative types of services or systems that
result in more effective and efficient use of the spectrum.

1.4 Extrapolation of Spectrum Occupancy Data

The spectrum survey measurements contained in this report cannot be used solely to assess the
feasibility of using alternate services or systems in a band. Extrapolation of data in this report

to general spectrum occupancy for alternative spectrum uses requires consideration of additional
factors. These include spectrum management procedures, types of missions performed in the
bands, and new spectrum requirements in the development and procurement stages. (See
Appendix A for a broader discussion of systems that are not normally expected to appear in
RSMS measurement data.) Also, measurement area, measurement site, and measurement system
parameters should be considered.



The area chosen for a spectrum survey will affect measured spectrum occupancy. For example,
measurements made in Denver, Colorado [2] are probably representative of metropolitan areas
that do not have any maritime radionavigation or extensive military activity. A coastal city, such
as San Diego, California [3] with major naval installations, will show higher levels of usage in
bands that support such activities.

Choice of measurement site within an area also can affect measured spectrum occupancy. An
area such as Seattle-Tacoma, Washington (rough terrain, heavy forestation, and widely dispersed
transmitters) may require multiple measurement sites to adequately characterize usage.

Spectrum management procedures (such as band allotments for functions and missions) also
affect spectrum utilization. For example, channels used for taxi dispatch might show heavy use
whereas channels allocated for law enforcement or public safety may show less use. Regardless
of usage, dedicated channels for these safety-of-life functions remain a spectrum requirement.
Special events such as natural disasters, Olympic games, and Presidential inaugurations may also
create unique spectrum requirements.

Spectrum measurements provide data on expected signal levels and probability of occurrences
that are essential for assessing alternate uses of the spectrum. Such information is difficult to
obtain from band allocation databases or an understanding of spectrum management procedures.

2. SAN FRANCISCO SPECTRUM SURVEY
2.1 Introduction

This section (1) describes the measurement sites selected for the San Francisco, California,
spectrum survey, (2) briefly describes the data processing used to characterize spectrum
occupancy across the 108-MHz to 19.7-GHz frequency range, (3) presents the measured data, and
(4) provides band-by-band commentary on the survey results. Appendix A contains a thorough
description of the spectrum survey measurement procedure. Appendix B provides details for
interpretation of data presented in this report. Appendices C and D provide descriptions of the
RSMS hardware and software used to make the measurements.

2.2 Measurement Site Description

The San Francisco metropolitan area is centered on, and largely surrounds, the San Francisco
Bay, an estuarine body of water, measuring about 100 km north-to-south and about 30 km east-
to-west, that is almost completely land-locked. A high ridge separates the west side of the bay
from the ocean, and another high ridge occurs on the east side of the bay. The land around the
south part of the bay is low-lying. Urban development in the area is especially dense on the
west, south, and east sides of the bay, and it is this area that is targeted by the RSMS spectrum
survey effort.



If topology were the only concern, the most desirable measurement location for the survey would
be a high point on the west ridge, such as Mt. Sutro. Unfortunately, all topologically desirable
measurement locations on the west ridge are already occupied by high-power transmitters, such
as for television broadcast services, rendering these locations unusable for the purposes of RSMS
broadband spectrum survey measurements. (See section A.2 for detailed requirements of RSMS
spectrum survey measurement locations.) On the east side of the bay, the high ground affords
excellent line-of-sight coverage of the bay area, but again the topologically desirable locations
tend to already be occupied by high-power transmitters. A third possibility for RSMS
measurement location would be an island in the bay, preferably one with a high summit not
already occupied by high-power transmitters.

A detailed area reconnaissance suggested three strong candidates for measurement locations:
Grizzly Peak, on the east ridge, Yerba Buena Island, in the middle of the bay, and Angel Island,
about 32 km northwest of Yerba Buena Island. All three locations presented advantages and
disadvantages for RSMS measurements, as shown in Table 1.

Table 1. Factors Considered in the Selection of Measurement Locations for the San Francisco
Broadband Spectrum Survey.

L ocation Advantages Disadvantages

Some nearby land mobile radio base
stations present potential for overload of]
the RSMS receiver in some bands

Excellent line-of-sight coverage of the
metropolitan area

Grizzly Peak

Yerba Buena Island
(summit)

Moderately good line-of-sight coverage
of the metropolitan area; no land mobi
radio base station overload potential

emight mask other x-band emissions;

X-band surface search radar at the sum

heavy vehicular traffic in the vicinity

might generate substantial radio noise in
VHF-UHF bands

Moderately good line-of-sight coverage; More logistical problems, such as limited
only one low-power UHF transmitter o access to adequate commercial power;
the summit State Parks Department prefers that
RSMS not stay on the summit for more
than a few days

Angel Island
(summit)

Because each of the three candidate measurement locations presented possible problems that
would make spectrum measurements difficult in one or more bands, a final determination was
made to perform measurements in most bands at more than one site. The data could be
subsequently analyzed to extract usable data for every band from at least one measurement
location. Except for fixed-terrestrial point-to-point microwave band measurements, all bands
between 108 MHz and 19.7 GHz were measured at both Grizzly Peak and Yerba Buena Island.
The measurements of the fixed point-to-point microwave bands were reserved for Angel Island,
because that location provided the least-obstructed horizon (crucial for good azimuth-scan
measurements), and the measurements could be done within the time constraints imposed for that
location.



When all data were collected and analyzed, it became apparent that, although some overload had
occurred in some bands, all three sites had yielded measurements that were presentable as final
data. Additionally, it became apparent that the duplication of measurements at the Grizzly Peak
and Yerba Buena Island locations had provided necessary data for determining the answer to a
persistent question regarding the validity of RSMS broadband spectrum survey data: To what
extent are measurement results for a given band at a given location representative of the spectrum
occupancy in that band for an entire metropolitan area? The results of this spectrum survey, as
described at length in the conclusions (Section 3), indicate in general that measured usage
patterns were representative of the entire metropolitan area.

It was also apparent by the end of the measurements that the Angel Island location was probably
the best location for a San Francisco broadband spectrum occupancy measurement survey,
because of the lack of transmitters on the summit and the relatively good line-of-sight coverage
of the metropolitan area. If future spectrum surveys are performed in San Francisco, it would
be worth extraordinary effort to overcome the logistic problems and to obtain permission to keep
the RSMS on the Angel Island summit long enough to complete a broadband spectrum survey.

The three San Francisco measurement locations are shown in Figure 1. The Grizzly Peak
location was a fenced enclosure at 707 Sky Valley Drive in Berkeley, California. The property
was owned by Watson Communications. Measurement site coordinates were 3MNg822
122.2328 W, and the site base altitude was 527 m MSL. Figure 2 shows areas that were line-of-
sight (white areas) to the RSMS from 2 m above ground (typical mobile antenna height) and
those areas that were obstructed (shaded with plus (+) signs in the Figure) from the RSMS due
to terrain. The Grizzly Peak measurement location afforded the most extensive line-of-sight
coverage of the San Francisco area.

The Yerba Buena Island location was at the summit of the island, within a Coast Guard
communications facility. The site coordinates were 37.819,1122.3650 W, and the site base
altitude was 104 m MSL. Figure 3 shows areas that were line-of-sight to the RSMS and those
areas that were obstructed from the RSMS due to terrain, in the same manner as Figure 2. The
Yerba Buena Island measurement location afforded moderately good line-of-sight coverage of
the San Francisco area.

The Angel Island location was at the summit of Mt. Caroline Livermore, part of the Angel Island
State Park facility. The site coordinates were 37.8G47 122.4298 W, and the site base
altitude was 238 m MSL. Figure 4 shows line-of-sight coverage for this site. This location
afforded good coverage of the San Francisco area.

2.3 Data Considerations

The San Francisco spectrum survey, with the following few exceptions, was performed as
described in Appendix A. For spectrum surveys, the RSMS is configured as two measurement
systems operating simultaneously: one, identified as "System-1," for frequency measurements
below 1 GHz; and the other, "System-2" for measurements above 1 GHz. All System-1
frequency bands were measured with a 100-MHz to 1-GHz log-periodic antenna (LPA) mounted
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at a 45 angle for slant polarization and aimed toward the downtown San Francisco area. This
improved RSMS detection of emissions from the most densely developed part of San Francisco.
The System-2 frequencies were measured with a 500-MHz to 18-GHz slant polarized biconical
omni antenna, except for azimuth-scamédnds that were measured with a rotating dish
antenna (1-m parabolic reflector with dual horizontal and vertical feeds).

As detailed in Section 2.5 and Section 3, most bands were measured at two locations to
determine the extent to which measured usage patterns were representative of usage patterns
across the entire metropolitan area.

Some broadcast signals were received at sufficiently high levels at both the Grizzly Peak and

Yerba Buena Island measurement locations to cause some frontend overload in the RSMS
receiver. For the most part, these overload effects were mitigated by the use of rf attenuation

in the bands occupied by these signals. Band-by-band comments on measurement results
(Section 2.5.1) include discussion of overload effects in the three bands (108 to 114, 174 to 216,

and 490 to 612 MHz) where rf attenuation was used.

All measured data, except the azimuth-scanning measurements, underwent a postmeasurement
cumulative processing (cuming) step before being displayed. Every frequency data point
recorded was cumulated (cumed) according to the measurement alganitkeohto collect the

data. Swept and stepped measurements were cumed such that the graphed data points (received
signal levels; RSLs) showed the maximum, mean, and minimum RSLs of all scans. Swept/m3
data already contained this information, so cuming resulted in graphs showing maximum of
maximum RSLs, mean of mean RSLs, and minimum of minimum RSLs. Azimuth-scan data
were not cumed, but horizontally and vertically polarized scans were combined in postmeasure-
ment processing so the graphed data show only one resultant single-line curve.

2.4 Measured Data

Each survey band of measured data is displayed graphically on a single page along with
corresponding frequency allocation information (Figures 5-75). Each survey band figure has an
identical format. The survey band graph in the middle of the page shows frequency in megahertz
on the x-axis vs. received signal level marked at 5-dBm increments on the y-axis. Noise level

tick marks on the y-axis of some graphs (e.g., "max sample noise," "mean sample noise" and
"min sample noise" on Figure 5) show measurement system noise limits. Measurement system
response to different types of signals and system noise limits are described in Appendix B. The
figure caption includes the survey location and principle measurement parameters.

*The azimuth-scanning measurement routine is an operator-interactive technique using a rotating
dish antenna with a swept measurement algorithm. See Section B.8 in Appendix B for more
information about azimuth-scanning.

3Appendix B contains operational descriptions of the RSMS measurement algorithms, including
swept, stepped, and swept/m3.
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Note: Concerning 108-114 MHz attenuated data, see comments in Table 2 of Section 2.5.

AERONAUTICAL MOBILE. Private aircraft.
123.1 MHz: SAR (search and rescue) scene-of-action communications.

1.

2.

3.  AERONAUTICAL MOBILE.
Figure 5.

Frequency (MHz)

4.

SPACE OPERATION (space-to-Earth), METEOROLOGICAL-SATELLITE (space-to-Earth), SPACE
RESEARCH (space-to-Earth), 137-137.025 MHz and 137.175-137.825 MHz:

137.025-137.175 MHz and 137.825-138: Mobile-Satellite.
Government use includes TIROS downlinks; non-Government includes nongeostationary nonvoice mobile

satellite systems (Little LEOS).

swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Francisco (Grizzly Peak), CA, 1995.

MOBILE-SATELLITE,

NTIA spectrum survey graph summarizing 4,600 sweeps across the 108-138 MHz range (System-1, band event 11,
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GOVERNMENT AERONAUTICAL RADIONAVIGATION. AERONAUTICAL AERONAUTICAL MOBILE. AERONAUTICAL 4.
ALLOCATIONS: MOBILE. MOBILE.
NON-GOVERNMENT AERONAUTICAL RADIONAVIGATION. AERONAUTICAL 1 AERONAUTICAL MOBILE. 3. AERONAUTICAL 3. 4.
ALLOCATIONS: MOBILE. MOBILE.
GENERAL VHF Omnidirectional Range (VOR). Differential-Global- Air Traffic Control. 1 Air Traffic Control (ATC). 2. Air Traffic Control. 5.
UTILIZATION: Positioning-System (DGPS), government only.
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Note: Concerning 108-114 MHz attenuated data, see comments in Table 2 of Section 2.5.

1. AERONAUTICAL MOBILE. Private aircraft.

2. 1231 MHz:

SAR (search and rescue) operations.

3. AERONAUTICAL MOBILE.

NTIA spectrum survey graph summarizing 5,800 sweeps across the 108-138 MHz range (System-1, band event 11,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Francisco (Y erba Buena), CA, 1995.

Figure 6.

Frequency (MHz)

4.

SPACE OPERATION (space-to-Earth), METEOROLOGICAL-SATELLITE (space-to-Earth), SPACE
RESEARCH (space-to-Earth), 137-137.025 MHz and 137.175-137.825 MHz: MOBILE-SATELLITE,
137.025-137.175 MHz and 137.825-138: Mobile-Satellite.

Government use includes TIROS downlinks; non-Government includes nongeostationary nonvoice mobile
satellite systems (Little LEOS).
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GOVERNMENT FIXED, MOBILE. FIXED, 5,6. 8.
ALLOCATIONS: MOBILE, 3.
NON-GOVERNMENT AMATEUR, | AMATEUR. | 3. 5. LAND MOBILE. 9. LAND MOBILE, 10.
ALLOCATIONS: 2.
GENERAL Non-tactical military land mobile 4. 7. Land transportation, public safety, Land transportation, public
UTILIZATION: communications. 1. industrial, Earth telecommand, etc. safety, industrial, etc.
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143.75 MHz and 143.9 MHz: Civil Air Patrol.
AMATEUR-SATELLITE.

MOBILE-SATELLITE (Earth-to-space).
Nontactical military land mobile communications. 148.15 MHz: Civil Air Patrol. Government use

includes TIROS command links and NASA satellite operations. Non-Government use includes
nongeostationary nonvoice mobile satellite systems (Little LEOS).
5. 149.9-150.05 MHz: RADIONAVIGATION-SATELLITE, MOBILE-SATELLITE (Earth-to-space).

NTIA spectrum survey graph summarizing 4,600 sweeps across the 138-162 MHz range (System-1, band event 11,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Francisco (Grizzly Peak), CA, 1995.

Figure 7.

Frequency (MHZz)

=

9.

10.

150.05-150.8 MHz: FIXED, MOBILE.
Government use includes military nontactical mobile and fixed communications and TRANSIT-SAT

downlinks. Non-Government use includes "Little LEOS."
157.0375-157.1875 MHz: MARITIME MOBILE, VHF distress systems communications.

156.2475-157.0375 MHz: MARITIME MOBILE.
157.1875-157.45 MHz, 161.575-161.625 MHz, and 161.775-162.0125 MHz: MARITIME MOBILE.
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GOVERNMENT FIXED, MOBILE. FIXED, 5,6. 8.
ALLOCATIONS: MOBILE, 3.
NON-GOVERNMENT AMATEUR, | AMATEUR. | 3. 5. LAND MOBILE. 9. LAND MOBILE, 10.
ALLOCATIONS: 2.
GENERAL Non-tactical military land mobile 4. 7. Land transportation, public safety, Land transportation, public
UTILIZATION: communications. 1. industrial, Earth telecommand, etc. safety, industrial, etc.
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Frequency (MHZz)

1. 14375 MHz and 143.9 MHz: Civil Air Patrol.
2. AMATEUR-SATELLITE. 6.  150.05-150.8 MHz: FIXED, MOBILE.
3. MOBILE-SATELLITE (Earth-to-space). 7. Government use includes military nontactical mobile and fixed communications and TRANSIT-SAT
4. Nontactica military land mobile communications. 148.15 MHz: Civil Air Patrol. Government use downlinks. Non-Government use includes "Little LEOS."
includes TIROS command links and NASA satellite operations. Non-Government use includes 8. 157.0375-157.1875 MHz: MARITIME MOBILE, VHF distress systems communications.

9.  156.2475-157.0375 MHz: MARITIME MOBILE.

nongeostationary nonvoice mobile satellite systems (Little LEOS).
157.1875-157.45 MHz, 161.575-161.625 MHz, and 161.775-162.0125 MHz: MARITIME MOBILE.

5. 149.9-150.05 MHz: RADIONAVIGATION-SATELLITE, MOBILE-SATELLITE (Earth-to-space). 10.

Figure 8. NTIA spectrum survey graph summarizing 5,700 sweeps across the 138-162 MHz range (System-1, band event 11,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Francisco (Y erba Buena), CA, 1995.
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GOVERNMENT FIXED, MOBILE
ALLOCATIONS:
NON-GOVERNMENT 1.
ALLOCATIONS:
GENERAL Land Mobile Radio (LMR) including weather radio, public safety, and law enforcement. 2.
UTILIZATION:
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