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50MO PON:3040 MHz / 50MO QON:3060 MHz =+4 MHz

IREBCERBES | (70M0 VON 3050 WHz)

EhiEEN 250 W | EER% [ 24 rpm

RERKR -5 S FTYEZRE - 15m

FRER/NSA—4— a— MNILREE a5 8L R B

e e PON:3040 MHz =0 MHz PON:3040 MHz =0 MHz

KRR K QON:3060 MHz =4 MHz QON:3060 MHz =4 MHz

FR/NLATE PON:0.07us / QON:4.6 us PON:1.14us / QON:18.3us

12 YIR LERE 1860 Hz 640 Hz
KREBEAMNME =S, REMBREZECEOIZNIILRAEEZERE
CLTWS, RUWNLRIEK, FEBENERREENET TS EMD

LEE Fr—JLEREZERALEEER >TLS,
B{EAEIL, SBIEEITELT/NILR T, EE#IIFYy—TF
FDNIWATHEEL, KRRETEREHLETLS,

At GHz B~ bV L—F—

EIEZRTEREREZE | PON 3050 +/-20MHz

EhiEEN 30 kW | EER% [ 24 rpm

RERKR -5 Ze& - 1.5m

REE/NTGA—HF— 2= Bl WAV W 8= O> 5 8L R

EFED € 3041 MHz (-3MHz) 3041 MHz (-3MHz)

HEH/ILRIE PON:0.07 s PON:1.0us

2R LRELRE 2250 Hz 650 Hz

A%t : GHz HEIARRFL—F —

P 50MO PON:9410 MHz / 30MO QON:9430 MHz

REBGERBESE | (60M0 VON 9415 WHz)

EhigEN 300 W | EER% [ 24 rpm

RERKR -5 S FTYEZRE - 15m

FE/NNSA—4— a— MNILREE a5 8L R

e e PON:9410 MHz =0 MHz PON:9410 MHz =0 MHz

RARRA QON:9430 MHz =14 MHz QON: 9430 MHz =8 MHz

ER/SLRIE PON:0.084s / QON:18.3us | PON:0.57 s / QON:18.3us

2R LRELRE 2280 Hz 640 Hz
KREBEAMNME =S, REMBREZECEOIZ/NIILRAEEZERE
CLTW%, RULWNLRIEK, FEBEDERRENET TS EMD

i Fr—JEREFERALEXEEZR >TLS,

BEAEL. RIRBITRER/ LR T, REBBEFY—T&
AD/NIVATHREL, RRETEREHDE TS,
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A%t GHz <o~ OV L—5—
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RERRE -5 2845 - 1. 5m
REE/NSGA—HF— 2= Bl WAV W 8= a5 8L R
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R/ L RIE PON:0.07 i s PON:1. 2us
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B#t : 36Hz HFEARFZFL—F —
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IREBCERBESE | (60M0 VON 3050 WHz)
EhiEEN 250 W | EER%K [ 24 rpm
RERKR -5 SFT{EXE - 15m
FE/NSA—4— -l WAV W & a5 8L RE
s PON:3040 MHz =1 MHz PON:3040 MHz =1 MHz
R RS QON:3060 MHz =1 MHz QON:3060 MHz =1 MHz
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Foreword

The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the
radio-frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without
limit of frequency range on the basis of which Recommendations are adopted.

The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional
Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups.
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RECOMMENDATION ITU-R SM.1541-4*

Unwanted emissions in the out-of-band domain**

(2001-2002-2006-01/2011-09/2011)

Scope

This Recommendation provides out-of-band (OoB) domain emission limits for transmitters in the
frequency range of 9 kHz to 300 GHz.

The ITU Radiocommunication Assembly,

considering

a) that Recommendation ITU-R SM.329 — Unwanted emissions in the spurious domain,
relates to the effects, measurements and limits to be applied to unwanted emissions in the spurious
domain;

b) that Recommendations ITU-R SM.329 and ITU-R SM.1539 provide guidance for
determining the boundary between the out-of-band (OoB) and spurious domains in a transmitted
radio frequency spectrum;

C) that considerations of OoB domain and necessary bandwidths are included by necessity in
Recommendation ITU-R SM.328 — Spectra and bandwidth of emissions;

d) that unwanted emissions occur after a transmitter is brought into operation and can be
reduced by system design;

e) that OoB domain emission limits have been successfully used as national or regional
regulations in areas having a high radiocommunications density; such limits are generally designed
according to specific and detailed local needs for coexistence with other systems;

f) that nevertheless there is a need, for each service, for a limited number of a more broadly
generic ITU-R OoB domain emission limits, generally based on an envelope of the least restrictive
OoB domain emission limits described in the above considering e);

9) that where frequency assignments are provided to the Radiocommunication Bureau (BR) in
accordance with Appendix 4 of the Radio Regulations (RR), the necessary bandwidth of an
emission with a single carrier is given by the bandwidth portion of the emission designator;

h) that the necessary bandwidth, referred to in RR Appendix 4 is for a single carrier
transmission, and may not adequately cover the case of systems with multiple carriers,

recognizing
that the following terms are defined in the RR.

*

This Recommendation should be brought to the attention of Radiocommunication Study Groups 4, 5, 6
and 7.

** Although OoB emissions are generally predominant in the OoB domain, spurious emissions may also
occur in the OoB domain. It is important to note that the limits in this Recommendation apply to all the
unwanted emissions in the OoB domain, both OoB emissions and spurious emissions.
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Unwanted emissions
«1.146 unwanted emissions*: Consist of spurious emissions and out-of-band emissions.»

Spurious emission

«1.145 spurious emission*: Emission on a frequency or frequencies which are outside the
necessary bandwidth and the level of which may be reduced without affecting the corresponding
transmission of information. Spurious emissions include harmonic emissions, parasitic emissions,
intermodulation products and frequency conversion products, but exclude out-of-band emissions.»

Out-of-band emission

«1.144 out-of-band emission*: Emission on a frequency or frequencies immediately outside
the necessary bandwidth which results from the modulation process, but excluding spurious
emissions.»

Occupied bandwidth

«1.153 occupied bandwidth: The width of a frequency band such that, below the lower and
above the upper frequency limits, the mean powers emitted are each equal to a specified percentage
/2 of the total mean power of a given emission.

Unless otherwise specified in an ITU-R Recommendation for the appropriate class of
emission, the value of 3/2 should be taken as 0.5%.»
Necessary bandwidth

«1.152 necessary bandwidth: For a given class of emission, the width of the frequency band
which is just sufficient to ensure the transmission of information at the rate and with the quality
required under specified conditions.»

Assigned frequency band

«1.147 assigned frequency band: The frequency band within which the emission of a station is
authorized; the width of the band equals the necessary bandwidth plus twice the absolute value of
the frequency tolerance. Where space stations are concerned, the assigned frequency band includes
twice the maximum Doppler shift that may occur in relation to any point of the Earth’s surface.»

Assigned frequency

«1.148 assigned frequency: The centre of the frequency band assigned to a station.»
noting
a) that Recommendation ITU-R SM.1540 additionally covers cases of unwanted emissions in

the OoB domain falling into adjacent allocated bands;

b) that the studies required by Question ITU-R 222/1, approved by Radiocommunication
Assembly 2000, could have formal and substantial impact to basic definitions used in this
Recommendation. It may be necessary to revise this Recommendation in the future to reflect the
results of these studies,
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recommends

1 Terminology and definitions
that the following additional terms and definitions should be used:

1.1 Spurious domainl

(of an emission): the frequency range beyond the OoB domain in which spurious emissions
generally predominate.

1.2 OoB domain?

(of an emission): the frequency range, immediately outside the necessary bandwidth but excluding
the spurious domain, in which OoB emissions generally predominate.

1.3 dBsd and dBasd

dBsd: decibels relative to the maximum value of power spectral density (psd) within the necessary
bandwidth. The maximum value of psd of a random signal is found by determining the mean power
in the reference bandwidth when that reference bandwidth is positioned in frequency such that the
result is maximized. The reference bandwidth should be the same regardless of where it is centred
and is as specified in § 1.6.

dBasd: decibels relative to the average value of psd within the necessary bandwidth. The average
value of psd of a random signal is found by computing the mean power in the reference bandwidth
and averaging that result over the necessary bandwidth. The reference bandwidth is as specified in
§ 1.6.

14 dBc

Decibels relative to the unmodulated carrier power of the emission. In the cases which do not have a
carrier, for example in some digital modulation schemes where the carrier is not accessible for
measurement, the reference level equivalent to dBc is dB relative to the mean power P.

15 dBpp

Decibels relative to the maximum value of the peak power, measured with the reference bandwidth
within the occupied bandwidth. The in-band peak power is expressed in the same reference
bandwidth as the OoB peak power. Both the in-band and the unwanted emissions should be
evaluated in terms of peak values. For radar systems, the reference bandwidth should be selected
according to Recommendation ITU-R M.1177.

1 The terms “OoB domain” and “spurious domain” have been introduced in order to remove some
inconsistency now existing between, on one hand, the definition of the terms “out-of-band emission” and
“spurious emission” in RR Article 1 and, on the other hand, the actual use of these terms in RR
Appendix 3, as revised by World Radiocommunication Conference (Istanbul, 2000) (WRC-2000). OoB
and spurious limits apply, respectively, to all unwanted emissions in the OoB and spurious domains.
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FIGURE 1
0 dBsd reference (a) maximum value of psd

0 dBasd reference (b) average value of psd
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1.6 Reference bandwidth

The bandwidth required for uniquely defining the OoB domain emission limits. If not explicitly
given with the OoB domain emission limit, the reference bandwidth should be 1% of the necessary
bandwidth. For radar systems the reference bandwidth should be selected in line with
Recommendation ITU-R M.1177.

1.7 Measurement bandwidth

The bandwidth which is technically appropriate for the measurement of a specific system. In
common spectrum analysers this is generally referred as the resolution bandwidth.

NOTE 1 - The measurement bandwidth may differ from the reference bandwidth, provided the results can be
converted to the required reference bandwidth.
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1.8 psd
For the purpose of this Recommendation, psd is the mean power per reference bandwidth.

19 Mean power

Power integrated over a specified frequency band using measurements of the psd or an equivalent
method.

1.10  Adjacent channel mean power

Power integrated over the bandwidth of a channel adjacent to an occupied channel using measure-
ments of the psd or an equivalent method.

1.11  Peak power

Power measured with the peak detector using a filter the width and shape of which is sufficient to
accept the signal bandwidth.

1.12  Adjacent channel peak power

Peak power measured in the bandwidth of a channel adjacent to an occupied channel using a
specified channel filter.

1.13  Total assigned band

Sum of contiguous assigned bands of a system consistent with the RR Appendix 4 data provided to
the BR and as authorized by an administration.
NOTE 1 - For space services, when a system has multiple transponders/transmitters that operate in adjacent

bands separated by a guardband, the total assigned band should include the guardbands. In such cases, the
guardbands should be a small percentage of the transponder/transmitter bandwidth.

1.14  Total assigned bandwidth
The width of the total assigned band;

2 Application of definitions
that, when applying this Recommendation, guidance should be taken from the following:

2.1 OoB domain emissions

Any emission outside the necessary bandwidth which occurs in the frequency range separated from
the assigned frequency of the emission by less than 250% of the necessary bandwidth of the
emission will generally be considered an emission in the OoB domain. However, this frequency
separation may be dependent on the type of modulation, the maximum symbol rate in the case of
digital modulation, the type of transmitter, and frequency coordination factors. For example, in the
case of some digital, broadband, or pulse modulated systems, the frequency separation may need to
differ from the 250% factor.

Transmitter non-linearities may also spread in-band signal components into the frequency band of
the OoB frequency ranges described in Annex 1, 8 1.3. Further, transmitter oscillator sideband noise
also may extend into that frequency range described in Annex 1, § 1.3. Since it may not be practical
to isolate these emissions their level will tend to be included during OoB power measurements.
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2.2 Spurious domain emissions

For the purpose of this Recommendation all emissions, including intermodulation products,
conversion products and parasitic emissions, which fall at frequencies separated from the centre
frequency of the emission by 250% or more of the necessary bandwidth of the emission will
generally be considered as emissions in the spurious domain. However, this frequency separation
may be dependent on the type of modulation, the maximum symbol rate in the case of digital
modulation, the type of transmitter, and frequency coordination factors. For example, in the case of
some digital, broadband, or pulse-modulated systems, the frequency separation may need to differ
from the 250% factor.

For multichannel or multicarrier transmitters/transponders, where several carriers may be
transmitted simultaneously from a final output amplifier or an active antenna, the centre frequency
of the emission is taken to be the centre of either the assigned bandwidth of the station or of
the —3 dB bandwidth of the transmitter/transponder, using the lesser of the two bandwidths.

2.3 Necessary bandwidth and OoB domain

In the case of narrow-band or wideband emissions (as defined in Recommendation
ITU-R SM.1539), the extent of the OoB domain should be determined by using Table 1.

TABLE 1
Start and end of OoB domain
Offset (+) from the centre .
Typeof |G | of the necesary bandwicn | "R SRCTE TR
By is: O0B domain spurious boundary
Narrow-band < B (see Note 1) 0.5 By 25B,
Normal B, to By 0.5 By 2.5 By
Wideband > By 0.5By Bu + (1.5By)

NOTE 1 -When By < B, no attenuation of unwanted emissions is recommended at frequency separations
between 0.5 By t0 0.5 B,.

NOTE 2 - B, and By are given in Recommendation ITU-R SM.1539.

2.3.1 Single carrier emissions

The value of necessary bandwidth that should be used for checking whether a single carrier
emission complies with limits in the OoB domain should coincide with the value in the emission
designator provided to the BR in accordance with RR Appendix 4.

Some systems specify the OoB mask in terms of channel bandwidth or channel separation. These
may be used as a substitute for necessary bandwidth provided they are found in ITU-R Recommen-
dations or in relevant regional and national regulations.

2.3.2  Multicarrier emissions

Multicarrier transmitters/transponders are those where multiple carriers may be transmitted simul-
taneously from a final amplifier or an active antenna.

For systems with multiple carriers, the OoB domain should start at the edges of the total assigned
bandwidth. For satellite systems, the necessary bandwidth used in the OoB masks provided in
Annex 5 of this Recommendation and to determine the width of the OoB domain should be taken to
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be the lesser of 3 dB transponder bandwidth or the total assigned bandwidth (Annex 2 provides two
examples showing how to calculate the start and end of the OoB domain for multicarrier systems
with single and multiple transponders per satellite).

For space services, the above definition of necessary bandwidth applies when all or some of the
carriers are being transmitted simultaneously.

2.4 Considerations on dBsd, dBc, and dBpp

2.4.1 Positive and negative signs for dBsd, dBc, and dBpp

Since dBsd is defined as relative to some reference power spectral density, the OoB dBsd value is
expressed using a negative number (for the usual case where the OoB psd is lower than the
reference psd). However, if a term such as “dBsd below” or “Attenuation (dBsd)” is used, then the
OoB domain emission value is expressed using a positive number.

Since dBc is defined as relative to some reference power, the OoB dBc value is expressed using a
negative number. However, if a term such as “dBc below” or “Attenuation (dBc)” is used, then the
OoB domain emission value is expressed using a positive number.

Since dBpp is defined as relative to some reference peak power, the OoB dBpp value is expressed
using a negative number. However, if a term such as “dBpp below” or “Attenuation (dBpp)” is
used, then the OoB domain emission value is expressed using a positive number.

Annex 3 provides the way to label X and Y axes on dBc and dBsd masks.

2.4.2 Comparisons of dBsd and dBc

Since dBsd and dBc do not have the same 0 dB reference, the same numeric dB value may cause
dBsd emission limits that are more stringent than dBc emission limits. The chosen reference
bandwidth will affect the amount of this difference. Thus, the type of mask, reference bandwidth,
and mask values need to be established together.

2.4.3 Practical application of dBsd, dBc, and dBpp limits

dBsd may be more practical for the following applications:

- digital modulation;

- modulation formats in which measurement of the carrier is impractical.

dBc may be more practical for the following applications:
- analogue modulation;
- specific digital modulation systems;

- subsidiary limits for discrete emissions contained in the OoB domain when spectral density
is specified in dBsd values.

dBpp may be more practical for the following applications:

- specific pulsed modulation systems, e.g. radar, and certain specific analogue transmission
systems;

3 Methods to determine conformance to OoB domain emission limits

that the adjacent channel and alternate adjacent channel power method or the OoB spectrum mask
method described in Annex 1 should be used to determine conformance to OoB domain emission
requirements;
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4 OoB domain emission limits for transmitters in the range of 9 kHz to 300 GHz2

that the spectrum limits specified in this Recommendation should be regarded as generic limits,
which generally constitute the least restrictive OoB emission limits successfully used as national or
regional regulations. These are sometimes called safety net limits. They are intended for use in
bands where tighter limits are not otherwise required to protect specific applications (e.g. in areas
having a high radiocommunications density).

On this basis, the OoB domain emissions, to be applied to transmitters in the range of 9 kHz to
300 GHz, should be limited as given in Table 2.

The applicability of Recommendations ITU-R SM.1541 and ITU-R SM.1540 is described in
Annex 14.

The development of more specific OoB domain emission limits for each system and in each
frequency band should be encouraged by administrations. These limits would take into account the
actual application, modulation, filtering capabilities of the system and would take care about co-
frequency or adjacent bands operating systems, with a view to enhancing compatibility with other
radio services.

Examples of ITU-R Recommendations providing such more specific OoB emission limits for some
systems in some frequency bands are listed in Annex 4.

TABLE 2
OoB domain emission spectrum limiting curves
Service category in acc_ordance with Emission mask
RR Article 1, or equipment type
Space services (earth and space stations) See Annex 5
Broadcast television See Annex 6
Sound broadcasting See Annex 7
Radar See Annex 8
Amateur services See Annex 9
Land mobile service See Annex 10
Maritime and aeronautical mobile services See Annex 11
Fixed service See Annex 12

Compliance with emission limits contained in this Recommendation may not preclude the
occurrence of interference. Therefore, compliance with the standard does not obviate the need for
cooperation in resolving and implementing engineering solutions to harmful interference problem;

5 Adaptation of OoB masks provided in Annexes 5 to 12 in the cases of narrow-band
and wideband systems

a) that in cases where the necessary bandwidth By is less than B, as defined in Recommen-
dation ITU-R SM.1539, the OoB mask should be scaled. This can be done by replacing By
by B;

2 0oB domain emission limits apply to unwanted emissions (both OoB and spurious emissions) in the OoB
domain.
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b) in cases where the necessary bandwidth By is greater than By as defined in Recommen-
dation ITU-R SM.1539, the value of By will remain unchanged in the application of the
OoB mask but the mask should be truncated. Accordingly, the OoB mask will only be

applicable from 50% of By to (150 + 100 By /Bn)% of By;

6 Measurement methods
that the methods for measurement of OoB described in detail in Annex 13 should be used.
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Annex 8

OoB domain emission limits for primary radar systems

1 Introduction

The RR define “primary radar” as “A radiodetermination system based on the comparison of
reference signals with radio signals reflected from the position to be determined”.

Terrestrial primary radars operate in the radionavigation service (air surveillance radars and
navigation radars on aircraft and ships), the meteorological aids service (weather radars), and the
radiolocation service (most other terrestrial radars). Space-based radars include active remote
sensing satellites operating in the SRS (active) and EESS (active), and other radars in the SRS.

The following limits are not applicable inside exclusive radiodetermination and/or EESS (active)
and SRS (active) bands, but do apply at the band edges. The topic of primary radar emission limits
within these exclusive service bands will be the subject of further studies.

Several categories of primary radars are not included in the OoB emission limits defined in this
Annex. These include pulsed radars with rated peak power of 1 kW or less, non-pulsed radars with
rated average power of 40 W or less, radars operating above 40 GHz, man-portable radars,
and expendable radars on missiles. These categories of radars will also be the subject of further
studies to establish the appropriate limits.

Throughout this Annex, in all formulas, bandwidth (By, B¢, Bs, B4, B—40, Brise, Btail, Brisegsall, Br) 1S
expressed in Hertz, while pulse duration and rise/fall time are expressed in seconds, unless
otherwise noted.

2 Necessary bandwidth

Knowledge of the necessary bandwidth of a radar transmitter is required both for specifying the
OoB domain emission limits and for specifying the boundary beyond which spurious limits apply.

Recommendation ITU-R SM.1138, to which the RR makes reference, provides formulas to be used
to calculate the necessary bandwidth when required by the RR. However, the only formula
applicable to radar gives results that can vary by a factor of ten based on a constant chosen by the
user. Recommendation ITU-R SM.853, considering that the formulas in Recommendation
ITU-R SM.1138 are incomplete, recommends numerous supplemental formulas.

2.1 Un-modulated radar pulses

Recommendation ITU-R SM.853 provides guidance for determining the necessary bandwidth
(20 dB below the peak envelope value) for rectangular and trapezoidal pulses. For these systems,
the necessary bandwidth By is the smaller of:

1.79 or 6.36 (35)
tt t

BN:
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where t is the pulse duration (at half amplitude) and t, is the rise time, both in seconds3.

2.2 Other modulations

Necessary bandwidth formulas for frequency modulated pulse radars, frequency hopping radars,
and CW radars, both un-modulated and frequency modulated are presented below. For frequency
modulated pulse radars, the necessary bandwidth (20 dB bandwidth) formula exceeds the
symmetrical trapezoidal pulse case (equation (35)) by twice the frequency deviation B4

5, _ 119

The formula for frequency hopping radars has an additional term Bs, the maximum range over
which the carrier frequency will be shifted:

+ 2B, (36)

1.79

t-t

BN:

+ 2B + B (37)

Although Recommendation ITU-R SM.1138 gives no formula under the heading of “continuous
wave emission” (here meaning a carrier without modulation) a realistic value of necessary
bandwidth for un-modulated continuous wave (CW) radars depends on the frequency tolerance and
noise. For frequency modulated CW radars, the necessary bandwidth is twice By, the maximum
frequency deviation:

By = 2B, (38)

2.3 Typical values of necessary bandwidth

Table 23 shows typical necessary bandwidths, followed by the ranges of the necessary bandwidth
values, for four types of radars.

TABLE 23
Typical B
Type of radar y(pl\l/lcaz) N Range of BN
Fixed radiolocation radar 6 20 kHz to 1.3 GHz
Mobile radiolocation radar 5.75 250 kHz to 400 MHz
Airport surveillance radar 6 2.8 MHz to 15 MHz
Weather radar 1 250 kHz to 3.5 MHz

3 The pulse duration is the time, (s) between the 50% amplitude (voltage) points. For coded pulses, the
pulse duration is the interval between 50% amplitude points of one chip (sub-pulse). The rise time is the
time taken (s) for the leading edge of the pulse to increase from 10% to 90% of the maximum amplitude
on the leading edge. For coded pulses, it is the rise time of a sub-pulse; if the sub-pulse rise time is not
discernable assume that it is 40% of the time to switch from one phase or sub-pulse to the next. When the
fall time of the radar is less than the rise time, it should be used in place of the rise time in these equations.
Using the smaller of the two expressions in equation (35) avoids excessively large calculated necessary
bandwidth when the rise time is very short.

4 This value is the total frequency shift during the pulse duration.
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3 OoB domain emission limits for primary radars

A major difficulty in establishing general OoB domain emission limits for primary radars is the
diversity of systems and transmitted waveforms. OoB domain emission limits for primary radars are
based on the 40 dB bandwidth (B-40) of the spectrum of the transmitted waveform.

3.1 Formulas for the B_,o dB bandwidth

Since the ratio of the B4, dB and necessary bandwidths is not in general a constant, a formula for
the B_4o dB bandwidth is needed to relate the mask to necessary bandwidth. The following formulas
for the B_40 dB bandwidth of primary radar transmitters have been established.

For non-FM pulse radars, including spread spectrum or coded pulse radars, the bandwidth is the
lesser of:

B4 = K or 4 (39)

tt, t

where the coefficient K is 6.2 for radars with output power greater than 100 kW and 7.6 for
lower-power radars and radars operating in the radionavigation service in the 2900-3100 MHz and
9200-9500 MHz bands®. The latter expression applies if the rise time t, is less than about 0.0094t
when K is 6.2, or about 0.014t when K is 7.6.

For FM-pulse radars, the B_4 dB bandwidth is:

B_4o = 1.5{BC ++/-[In(Bc - 7)] %% [Min(Brisev Bfail Brisea fain ) + MaxX(Byise, B fail s Briseg. fail )]} (40)

where:

Brige = ——— to account for the rise time (41)

5 These coefficients, K = 6.2 or 7.6 and 64, are related to theoretical values that would prevail in the case of
constant frequency trapezoidal and rectangular pulses, respectively. Also, in the case of the trapezoidal
pulses, the coefficient K has been increased somewhat to allow for implementing output device
characteristics. For ideal rectangular pulses, the spectrum falls off at 20 dB per decade leading to a 20 dB
bandwidth of 6.4/t and a B_4, dB bandwidth ten times as large, i.e. 64/t. To discourage the use of pulses
with abrupt rise and fall times, no margin is allowed. The spectra of trapezoidal pulses fall off firstly at
20 dB per decade and then ultimately at 40 dB per decade. If the ratio of rise time to pulse width exceeds
0.008 the 40 dB points will fall on the 40 dB per decade slope, in which case the B_4¢ would be:

5.7
Jtet,

Allowance for unavoidable imperfections in implementation requires that the mask be based on values of at
least:

6.2 7.6

Jtt o Jtt

depending upon the category of radar.
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By = 1 to account for the fall time (42)

1
Byi =
rise& fall m
T: pulse length including rise and fall times
tr:  pulse rise time
tr:  pulse fall time

Bc: bandwidth of the frequency deviation (total frequency shift during the pulse
generation)

Bs: the maximum range over which the carrier frequency will be shifted, Bs equals
zero for non-frequency hopping cases.

to account for both the rise and fall times combination (43)

Equation (40) is valid only when the following conditions are met:
1. the product B, - Minimum (t,,t;) is greater than or equal to 0.10; and

2. that the product of B; -t or compression ratio must be greater than 10.

In all other cases, the following equations should be used:
K A
B 4o=—+2|B,+— 44
0 \/t'tr ( ¢ tr] ( )
where A6 is 0.105 when K = 6.2, and 0.065 when K = 7.6.

For FM-pulse radars with frequency hopping, the value of B needs to be added to the value of B_4
(equation (40) or equation (44)) for the frequency hopping radar B4 dB bandwidth?.

For unmodulated CW radars, the B_49 dB bandwidth is:
B_40 = 0.0003F, (45)

where Fc is the carrier frequency.

For frequency modulated continuous wave (FMCW) radars, two different B_4 dB bandwidth
formulas apply. These are a general formula and a frequency hopping formula.

The general B_4, dB bandwidth formula for FMCW radars is:

o 128,10 20|
—-40 <DPR nm

where Bg is the total frequency deviation and T is the chirp period. This formula is based on linear
FMCW and can also be applied to amplitude modulated linear FMCW, flyback FMCW, and
non-linear FMCW.

(46)

6 The term A/ty adjusts the value of B_4 to account for the influence of the rise time, which is substantial
when the time-bandwidth product Bct, is small or moderate and the rise time is short.

7 This yields the total composite B_4 bandwidth of frequency hopping radar as if all channels included
within B, were operating simultaneously. For frequency hopping radars, the OoB emission mask falls off
from the edge of the B_,, dB bandwidth as though the radar were a single frequency radar tuned to the
edge of the frequency hopping range.
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For FMCW radars with frequency hopping, the value of Bs needs to be added to the B_4 dB
bandwidth formula, where Bs is the maximum range over which the carrier frequency will be
shifted.

For radars with multiple pulse waveforms, the B_s dB bandwidth should be calculated for each
individual pulse type and the maximum B_4 dB bandwidth obtained shall be used to establish the
shape of the emission mask.

4 Oo0B mask

The figures below show the OoB mask for primary radars, categorized by waveform types and
specified in terms of psd and expressed in units of dBpp. The masks roll off from the B_4 dB
bandwidth to the spurious level specified in RR Appendix 38.

The B_4 dB bandwidth can be offset from the frequency of maximum emission level, but the
necessary bandwidth (RR No. 1.152) and preferably the overall occupied bandwidth
(RR No. 1.153) should be contained completely within the allocated band.

For guidance, the calculated value of the B_4, dB bandwidth should be contained completely within
the allocated band.

4.1 All waveforms listed in § 3

The roll-off for all waveforms listed in § 3, other than those listed in § 4.2, is 30 dB per decade, as
shown in Fig. 29.

FIGURE 29
OoB mask for all non-excluded radar waveforms listed in § 3
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4.2 Excluded waveforms

CW, FMCW, and phase coded waveforms are excluded from the applicability of § 4.1. The rate of
roll off for these is 20 dB per decade, as shown in Fig. 30.

8 RR Appendix 3 specifies a spurious attenuation of 43 + 10 log (PEP), or 60 dB, whichever is less
stringent. (PEP: peak envelope power.)
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This exclusion should be reviewed in the study period before the 2016 Radiocommunication
Assembly.

5 Boundary between the OoB and spurious domains

According to recommends 2.2 and RR Appendix 3, the spurious domain generally begins at
a frequency separation equal to 250% of the necessary bandwidth, with exceptions for certain kinds
of systems, including those with digital or pulsed modulation. However, it is difficult to apply the
general boundary concept of 250% of the necessary bandwidth to primary radar stations in the
radiodetermination and other services, such as the meteorological aids service, SRS and EESS.

For primary radar stations, the boundary between the OoB and spurious domains is defined as at the
frequency where the OoB domain emission limits defined herein are equal to the spurious limit
defined in Table Il of RR Appendix 3.

The boundary between the OoB and spurious domains in the case of primary radars in the
radiodetermination service and other relevant services can be defined as separated from the
assigned frequency by 2.5 o By, where o is a boundary correction factor depending on the total
system configuration, in particular the modulation waveform and modulating technique, the radar
output device, waveguide components and the antenna type and its frequency dependent
characteristics. The value of o will also depend on the way the necessary bandwidth is evaluated.

FIGURE 30
OoB mask for radars using CW, FMCW and phase coded waveforms

|:|_

[
Lo

b
[}

(3]
[}

=

Ltte imation (dBpE

L
[}

"h....!_.__s-‘

e ——

[
-

o 50100 150 200 230 300 330 400 450 500 530 a00
Frequency s patation (per cent of 40 dB bandwidthy

SML1M1-30

The values of a corresponding to the mask in Fig. 30 can be determined by setting the 60 dB point
equal to 2.5 o BN. Assuming a 20 dB per decade roll-off:

5B_40 = 25(XBN —> o = 2% (47)
N

Using the examples above, o would be about 2.0 for the linear FM pulse radar and about 8.5 for the
non-FM pulse radar. This equation does not apply to the frequency hopping case.

Assuming that the necessary bandwidth is evaluated as the 20 dB bandwidth, technical information
available so far has indicated that, for existing and planned primary radars, the value of o would
range from 1 to 10, or more.
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From the standpoint of effective use of spectrum, it can be questioned:
- whether the future primary radars will be able to meet an a value closer to 1 or not;

- whether o should be different depending on whether the boundary between the OoB and
spurious domains will be inside, outside or close to a primary radar allocated band.

Further studies need to be conducted within the ITU-R to specify the definition of the necessary
bandwidth to be used in the calculation of the boundary and to define the values of o for the
different type of radars, missions and platforms.

For non-FM pulsed radars, in a few exceptional cases where the system architecture permits the use
of filters and unusual performance trade-offs can be tolerated, the value of o may approach 1. Also,
for wideband frequency agile radars, the value of oo may be close to 1.5.

6 Design objective

The preceding sections of this annex are based on the safety-net principle of OoB domain emission
limits. It is recognized that it is desirable to reduce the levels of unwanted emissions to enhance
compatibility with other services.

The mask in Fig. 31 is the objective for the design of radar systems. The mask rolls off at 40 dB per
decade from the B_4o dB bandwidth to the spurious level specified in RR Appendix 3.

Radars should be designed to meet the requirement of the design objective mask. Where possible,
radar design should avoid the use of technologies that are not capable of meeting the design
objective.

FIGURE 31
Design objective for radar systems
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Note 1 — The feasibility of this mask is to be investigated in future studies within ITU-R, taking account of
the practical experience of its application to some types of radar systems and technical developments in radar
technology. Inputs to ITU (study periods 2003-2007 and 2007-2011) have provided evidence that
some types of radars can achieve the design objective. These include some klystron-based radars
and some radars using strapped vane magnetrons below 100 kW as the output device.
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Note 2 — OoB domain emission limits within bands allocated to the radiodetermination service on an
exclusive basis are the subject of further study. This study may result in a different design objective mask
inside these bands.

Note 3 — Some future systems may not be able to achieve the design objective taking account of such factors
as:

- radar mission (safety of life, target size to be detected, etc.);

- type and size of the platform (e.g. fixed, mobile, ship-borne, airborne, etc.);
- available technologies and their state of evolution;

- affordability.

Note 4 — The intention is that these studies will lead to the revision of this Recommendation to either replace
the OoB masks in the preceding sections with the design objective mask; or to include other appropriate
arrangements depending on the type of radar waveform by the 2016 Radiocommunication Assembly.

7 Measurement techniques

The most recent version of Recommendation ITU-R M.1177 provides guidance regarding the
methods of measuring OoB domain emissions from radar systems.
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