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ABSTRACT

This report provides a feasibility assessment of accommodating the Broadcast Sateliite
(Sound) Service and a Mobile Satellite Service uplink in the 2300-2450 MHz range. The
assessment is based upon measurements by the Institute for Telecommunication Sciences of
microwave oven and radio environment characteristics.  Projected characteristics of the
proposed services are considered.
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SECTION 1

INTRODUCTION

BACKGROUND

In preparing for the 1992 World Administrative Radio Conference (WARC-92), the United
States considéred allocating spectrum in the frequency range 2300-2410 MHz to the Broadcast
Satellite (Sound) Service (BSS) and allocating spectrum in the frequency range 2390-2450 MHz
to a Mobile Satellite Service (MSS) uplink. A concern in implementing these allocations is the
operation near 2450 MHz of approximately 80 million microwave ovens in the United States and
200 million worldwide. Therefore, the United States has proposed that 2310-2360 MHz be
allocated to BSS and 2390-2430 MHz be allocated to the MSS uplink.

The frequency 2450 MHz + 50 MHz is designated for use by industrial, scientific, and
medical (ISM) applications. ISM devices use radio frequency (RF) energy for purposes other
than communications. Though consumer microwave ovens are not the only ISM devices in this
band, they are by far the most prevalent. Outside the ISM band, Federal Communications
Commission (FCC) regulations require that ISM emissions be suppressed below 25 yV/m at
300 meters. Inside the ISM band, their emissions are unrestricted.

Oven manufacturers have described their devices as efficient from a size, and cooking
capability standpoint, and necessarily inexpensive for marketing to consumers. All of the ovens
are built using magnetrons (predominantly built in Japan and Korea), which, in order to achieve
certain design objectives and as a consequence of varied operating conditions, produce a
relatively broad RF emission spectrum. The varied cooking depth produced by a range of
frequencies is important to even cooking. The emission spectrum varies with such factors as
the characteristics and location of the cooked load and the presence of built-in auxiliary devices,
such as mode-stirrers. Though the oven cabinet substantially reduces emissions, external signal
levels are considerable.

The designs for the proposed radio services are still under consideration, but preliminary
characteristics have been discussed. A European prototype has been built for the BSS, and
development is proceeding within the United States on a separate design. A variety of concepts
for MSS have been proposed.

In order to determine the feasibility of the proposed allocation options, NTIA performed

measurements in the 2300-2500 MHz range, and an analysis of the possible effects of the
existing RF environment on the BSS and MSS systems.
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OBJECTIVE

The objective of this task was to determine the feasibility of accommodating BSS
between 2300 and 2410 MHz and MSS between 2390 and 2450 MHz.

APPROACH '

Characteristics of the proposed BSS equipment were drawn from information provided
by a representative of the French system developer, and the International Radio Consuitative
Committee (CCIR). These characteristics were used to determine the interference threshold of
the BSS receivers. This threshold was then compared with the signal level generated by the
microwave ovens as measured by the Institute for Telecommunication Sciences (ITS) under the
following scenarios.

1. BSS receiver within 3 meters of a single microwave oven. This scenario simulates the
potential interference to a radio receiver located in the kitchan, and can also be used to
simulate conditions inside a single family house.

2. BSS receiver inside an apartment. This scenario simulates the potential interference
to a radio from microwave ovens in nearby apartments.

3. BSS receiver outside, within a residential area. This scenario simulates the potential
interference to a radio in a vehicle on the street.

MSS characteristics were estimated based upon ongoing discussion of system design
proposals. Measured data of the aggregate environment signal levels in the band were collected
on two hilltops overlooking Boulder, CO. The data were extrapolated to approximate the
equivalent isotropic radiated power (EIRP) of the city as a single source and then to approximate
the EIRP of a large metropolitan region. The carrier-to-interference ratio at the satellite receiver
input was then estimated.
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SECTION 2

CONCLUSIONS

INTRODUCTION

‘This report provides an assessment of the feasibility of accommodating BSS at 2300-
2410 MHz and the MSS uplink at 2390-2450 MHz. The assessment is based upon
measurements of individual microwave oven characteristics, the measured RF environment in
the Boulder, CO area, and projected characteristics of the proposed services.

The following conclusions are based on the analysis contained in this report.

GENERAL CONCLUSIONS .

Microwave ovens radiate signais outside their designated band (2450 + 50 MHz) . The
out-of-band emissions are characteristic of the oven magnetron, but also vary with thes load
Position, the load moisture content, and the incorporation of mode stirrers or turntables in the
oven design. Measurements indicated that the aggregate signal from ISM sources beczomes
more impulsive the farther the frequency from 2450 MHz, thereby increasing the poteniial for
accommodation of the proposed services with frequency separation.

Designs for proposed BSS and MSS systems are being developed for an envirosnment
of severe multipath and fading. Digital processing, error correction techniques, and power
budgets employed by these services need to account for the presence of microwave: oven
signals, when Operating in this frequency band, recognizing that the level of these s.ignals
decreases with the separation from 2450 MHz. There is no conclusive evidence that, given
adequate consideration of the RF environment, these services cannot be accommodate: d.

The competition for spectrum by new and innovative services makes the existeince of
Out-of-band microwave oven signals a subject of increasing importance. By reducin g and
FOHfining the out-of-band signals, the adjacent bands could be made more compatible to the
!mroduction of new telecommunications services. The extended timeframe inherent to the
;’:Loguction of new services could complement the redesign, development of new product’ lines,

he naturaj replacement of the existing ovens.

The following provides more specific conclusions.
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Microwave Oven Emission Characteristics

1. The maximum emission levels of microwave ovens occur at 2450 MHz. The ovens
emit pulses approximately 8 milliseconds in duration with a 50% duty cycle. However, due to
the combination of the magnetron output characteristics and of the absorption characteristics
ot the cooked substances, the ovens radiate pulses across a wide range of frequencies.

2. The amplitude and probability of occurrence of microwave oven puises generally
decrease as the frequency separation from 2450 MHz increases, with the exception of a
secondary peak characteristic of most of the ovens tested somewhere between 2350 and
2380 MHz. Therefore, aggregate emissions from the ovens produce receiver responses of a
noise-like nature near 2450 MHz, becoming increasingly impuisive below 2430 MHz. The ovens
emit significant levels of RF energy below the 2400-2500 MHz ISM band. The emission levels
above 2450 MHz fall off much more rapidly, dropping sharply above 2480 MHz for all ovens
tested.

3. Below 2400 MHz and down to 2360 MHz, the microwave oven emissions may still
produce receiver amplitude responses for the entire puise duration at low signal levels. Below
2360 MHz, receiver responses show impulse spikes coincident with the beginning and ending
of each pulse. However, in some cases, the impulse responses broaden at their base to

1-2 milliseconds duration.

4. The radiation patterns of microwave ovens are generally omnidirectional.

Proposed Radio Service Design Characteristics

1. The BSS and MSS technologies are still being specified, tested, and developed,
including their interference protection capabilities.

2. BSS and MSS system developers will have to account for the environment of
multipath, fading, and interference through sophisticated signal processing and error correction
techniques. Also, careful consideration of system power buidgets will be essential in service
planning.

ACCOMMODATION OF BSS
1. Atthe frequency 2360 MHz and higher, the BSS re«ceiver may not be able to operate
unless regulatory action is taken to reduce the microwave oven out-of-band emissions. In that

frequency range, in the current environment, the probability is high that the BSS receiver will
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detect microwave oven pulses in any of its intended operating scenarios. The recesiver response
may often include oven pulses of 8 millisecond duration and near 50% duty factor.

2. Below 2360 MHz, pulses occur less frequently, are lower in amplitude, and usually
produce the leading and trailing edge impulses responses in the receiver. Howewer, peaks are
stil above the thresholds calculated using CCIR Report 955-2 and CC#R Document
JIWP92/115-E." Sophisticated signal processing techniques, such as time aund frequency
interleaving and forward error correction, presently being implemented to mitig ate difficulties
related to fading and multipath, could provide adequate receiver performance in the presence
of these narrow pulses.

3. In an era of increasing spectrum use, implementation of new and innovative
radiocommunications services, such as BSS, can also be facilitated through imprcaved spectrum
efficiency of existing systems and the mitigation of interference. In this case, the reduction of
out-of-band emissions from ISM equipment could make the 2300-2400 MHz band ¥more *friendly”
to innovative uses. The period required to bring about such improvements in mi.crowave oven
design through the regulatory process may coincide with the time needed to develop and
implement a BSS system.

4. CCIR specifications found in CCIR Report 955-2 and CCIR Document JiIWP92/115-E
reflect a system performance with no margin for external interference, and limited margin for
intra-system interference.

5. Increasing satellite transmitter power and decreasing antenna bea.mwidths may
provide adequate performance improvement; however, limits exist to the total s atellite power.
Increasing power per channel will decrease the number of usable channels.

ACCOMMODATION OF MSS

1. Since, above 2430 MHz, the aggregate emissions appear noise-like, a nd population
within satellite beamwidths will produce additive increases in interfering signal level,
accommodation of this service near 2450 MHz will be difficult.

1 CCIR Report 955-2, Satellite Sound Broadcasting with Portable Receivers .and Receivers

in Automobiles, CCIR Plenary Assembly, Dusseldorf, 1990; CCIR Document J IWP92/115-E,
Section 5.1 of Document JIWPS2/115, CCIR Joint Interim Working Party WARC-€32, Geneva, 4-
15 March 1991:
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2. Below 2430 MHz, the increasingly impulsive characteristic of the aggregate noise witi
make its effects less additive. Therefore, adequate performance of the MSS system could be
possible.

3. The task of determining the feasibility of MSS accommodation is hindered by the lack
of defined system parameters and protection ratios. Also, the characterization of the east coas?,
based upon an extrapolation from the Boulder, CO environment has inherent risks. Though
aggregate measurements can account for the variables associated with single emitters, tha
aggregate environment of Boulder, a "high tech®, research, and university oriented city, may b
significantly different from an industrial city. Furthermore, the measurements, though taken o
hilltops, may still not adequately represent the emission levels in a more vertical direction.

4. The EIRP limitations associated with the use of handheld transmitters may be th:
primary limitation. Higher EIRPs associated with vehicle mounted transmitters and antenna:
may provide the needed margin. Other techniques may also lower the required carrier-tc-
interference ratio requirements.




