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Essential patents
IPRs essential or potentially essential to the present document may have been declared to ETSI. The information pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web server (https://ipr.etsi.org).
Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become, essential to the present document.
Trademarks
The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.
[bookmark: _Toc451534849][bookmark: _Toc40223631]Foreword
This draft Harmonised European Standard (EN) has been produced by ETSI Technical Committee Electromagnetic Compatibility and Radio Spectrum Matters (ERM) and is now submitted for the combined Public Enquiry and Vote phase of the ETSI standards EN Approval Procedure.
The present document has been prepared under the Commission's standardisation request “Commission Implementing Decision C(2015) 5376” [i.2] to provide one voluntary means of conforming to the essential requirements of Directive 2014/53/EU [i.1]on the harmonisation of the laws of the Member States relating to the making available on the market of radio equipment and repealing Directive 1999/5/EC.
Once the present document is cited in the Official Journal of the European Union under that Directive, compliance with the normative clauses of the present document given in table A.1 confers, within the limits of the scope of the present document, a presumption of conformity with the corresponding essential requirements of that Directive, and associated EFTA regulations.
The present document is part 2 of a multi-part deliverable covering ground based ATC Primary Surveillance Radars (PSR), as identified below:

Part 1:  “Harmonized Standard for access to radio spectrum for Air Traffic Control (ATC) Primary Surveillance Radar sensors operating in 1215-1400 MHz frequency band (L band)”
Part 2: "Harmonized Standard for access to radio spectrum for Air Traffic Control (ATC) Primary Surveillance Radar sensors operating in 2700-3100 MHz frequency band (S band)".
Part 3: “Harmonized Standard for access to radio spectrum for Air Traffic Control (ATC) Primary Surveillance Radar sensors operating in 8500-10000 MHz frequency band (X band)”

	Proposed national transposition dates

	Date of latest announcement of this EN (doa):
	3 months after ETSI publication

	Date of latest publication of new National Standard
or endorsement of this EN (dop/e):
	
6 months after doa

	Date of withdrawal of any conflicting National Standard (dow):
	18 months after doa



[bookmark: _Toc451534850][bookmark: _Toc40223632]Modal verbs terminology
In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions).
"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.


[bookmark: _Toc451534853][bookmark: _Toc40223633]Scope
The present document specifies technical characteristics and methods of measurements for ground based monostatic ATC primary surveillance radars with the following characteristics:
· operating in the 2700 MHz to 3100 MHz frequency range
· transmitter output peak power up to 100 kW
· the transceiver-antenna connection is using a hollow metallic rectangular waveguide of type WR284/WG10/R32 according to IEC 60153-2 [i.6].
· the antenna is rotating, waveguide-based and passive
· the transceiver output is using a RF circulator
NOTE 1:	Phased array ATC primary surveillance radars are not covered by the present document.
NOTE 2:	Since at the transceiver output a RF circulator is used, it is assumed that the transceiver characteristics remain independent from the antenna, and the indirect measurement method is used at the output of the transceiver. 
NOTE 3: The relationship between the present document and essential requirements of article 3.2 of Directive 2014/53/EU [i.1]is given in Annex A. 
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References are specific, identified by date of publication and/or edition number or version number. Only the cited version applies.
Referenced documents which are not found to be publicly available in the expected location might be found at https://docbox.etsi.org/Reference/.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are necessary for the application of the present document.
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References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references, only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[bookmark: InREF_RED][i.1]	Directive 2014/53/EU of the European Parliament and of the Council of 16 April 2014 on the harmonisation of the laws of the Member States relating to the making available on the market of radio equipment and repealing Directive 1999/5/EC.  
[bookmark: InREF_EC_Decision] [i.2]	Commission Implementing Decision C(2015) 5376 final of 4.8.2015 on a standardisation request to the European Committee for Electrotechnical Standardisation and to the European Telecommunications Standards Institute as regards radio equipment in support of Directive 2014/53/EU of the European Parliament and of the Council.
[bookmark: InREF_RR][i.3]	ITU Radio Regulations (2016).	Comment by Olivier FORGEOT: May be updated after publication of 2020 version of RR

[bookmark: InREF_ITU_1541][i.4]	ITU-R Recommendation SM.1541-6 (2015) "Unwanted emissions in the out-of-band domain"
[bookmark: InREF_ITU_329][bookmark: REF_MERRILLISKOLNIK][bookmark: InREF_EG203336] [i.5]	ETSI EG 203 336 V1.1.1 (2012) "ERM) Guide for the selection of technical parameters for the production of Harmonised Standards covering article 3.1(b) and article 3.2 of Directive 2014/53/EU"
[bookmark: REF_IEC60153_2][i.6]	IEC 60 153-2 ed. 2.0 1974] (ref in 6.3.5) “Hollow metallic waveguides, Part 2: Relevant specifications for ordinary rectangular waveguides”, (Cut-off frequency).
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[bookmark: _Toc40223638]Terms
[bookmark: _Toc300911784][bookmark: _Toc339285288][bookmark: _Toc339285448][bookmark: _Toc339285833][bookmark: _Toc389039078][bookmark: _Toc389052580][bookmark: _Toc389062113][bookmark: _Toc390330239][bookmark: _Toc390348159]For the purposes of the present document, the following definition of terms and definitions apply:
Active State:  State which produces the authorised emission.
Allocated frequency band: frequency span that regionally or nationally is allocated to one or more radio services on a primary or secondary basis. 
NOTE: A table of national frequency allocations is normally available from the national radio regulatory authority for each country.
Auxiliary Receiver: radar receiver not included in radar the transceiver 
[bookmark: _Hlk3463384]Declared frequency band: frequency band or bands within which the equipment under test is declared to operate in the applicable operating modes 	Comment by Forgeot: To be check 
NOTE 1:	The declared frequency band for a given region or country is always contained within the allocated frequency band.
NOTE 2: The declared frequency band is always contained within the 2700 MHz to 3100 MHz frequency range.
Dummy load: Device connected to a waveguide or coaxial cable and matched to their impedance (typically 50 Ohms) to absorb the RF energy propagating inside. 
Equipment Under Test: device that is the subject of the specific test investigation being described
Matched filter: The matched filter is the receiver filter that matches the transmitted radar waveform, i.e.  this is the filter that maximises the signal-to-noise ratio of the received pulse.
Necessary bandwidth: 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 for a given class of emission.
NOTE 1: This definition is taken from ITU Radio Regulation[i.3]
NOTE 2: For Primary radars the necessary bandwidth BN is considered to be B-20 (20 dB bandwidth) as defined in ITU-R SM.1541-6 [i.4] 
Occupied bandwidth: 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 β/2 of the total mean power of a given emission.
NOTE 1:	This definition is taken from ITU Radio Regulation [i.3]
NOTE 2:	Unless otherwise specified in an ITU-R Recommendation for the appropriate class of emission, the value of (β/2) should be taken as 0.5%
Operating mode: predefined configuration for a given service accessible to the operator of the radar system.
NOTE 1:	Several operating modes may be available.
NOTE 2:	Changing operating mode might affect the radio characteristics of the radar system.
Operating frequency:  Frequency on which the radar is tuned to operate. 
NOTE 1:	Radar could be tuned during operation on one or many frequencies between Fmin and Fmax 
NOTE 2: The operating frequencies  are  always contained within the 2700 MHz to 3100 MHz frequency range.
Peak envelope power: average power supplied to the antenna transmission line by a transmitter during one radio frequency cycle at the crest of the modulation envelope taken under normal operating conditions
NOTE:	This definition is taken from ITU Radio Regulation [i.3]
Product configuration: hardware variant of the same typology of system under test (e.g. different power outputs, magnetrons)
Pulse duration: time between the 50 % amplitude (voltage) points 
Pulse rise time: time taken for the leading edge of the pulse to increase from 10 % to 90 % of the maximum amplitude (voltage)
Pulse fall time: time taken for the leading edge of the pulse to decrease from 90 % to 10 % of the maximum amplitude (voltage)Receiver output: output of the digital matched filter function
System coupler: directional waveguide coupler with forward and reverse port or only a forward port
NOTE:	The system coupler is inserted in the waveguide run between the circulator and the antenna but not directly located behind the antenna. Usually it is located very close behind the circulator.
Unwanted emissions: According to ITU-RR, unwanted emissions consist of spurious emissions and out-of-band emissions
[bookmark: _Toc451534859][bookmark: _Toc40223639]Symbols
For the purposes of the present document, the following symbols apply:
B-40	-40 dB bandwidth of the spectrum of the transmitted waveform.
BC	Chirp bandwidth
BN	Necessary bandwidth
Bres	3 dB resolution bandwidth of transceiver
dB/dec	dB per decade
dBpp	dB with respect to peak power
Dno spur	Detectability Factor 
fo	Operating Frequency
fIF	Intermediate Frequency
fRF	Receiver operating Frequency
fimage	Image Frequency
k 	Boltzmann's constant
fLO	Local Oscillator Frequency
Pt	Pulse power of transmission
RF	Radio Frequency
S/N 	Signal-to-Noise ratio
t	Time
TC	Pulse length (of individual chirp waveforms) in seconds
 tp	Pulse duration 
tr	Pulse rise time
tf	Pulse fall time
T0 	Temperature in Kelvin
	Wavelength

[bookmark: _Toc451534860][bookmark: _Toc40223640]Abbreviations
For the purposes of the present document, the following abbreviations apply:
AC		Alternating Current
ATC		Air Traffic Control
CW		Continuous Wave
ENR		Excess Noise Ratio 
EUT		Equipment Under Test
FAR		False Alarm Rate
FM-CW		Frequency Modulated Continuous Wave
ICAO		International Civil Aviation Organization
IF		Intermediate Frequency
ITU		International Telecommunication Union
NF		Noise Factor
na		not available
OoB		Out-of-Band
PEP		Peak Envelope Power
PRF		Pulse Repetition Frequency
ppm		parts per million 
PSR					Primary Surveillance Radar 
RF		Radio Frequency
WG		Waveguide

[bookmark: _Toc451534861]

[bookmark: _Toc40223641]Technical requirements specifications
[bookmark: _Toc451534862][bookmark: _Toc40223642]Environmental profile
The technical requirements of the present document apply under the environmental profile for operation of the equipment, which shall be declared by the manufacturer, but as a minimum, shall be that specified in the test conditions contained in the present document. The equipment shall comply with all the technical requirements of the present document at all times when operating within the boundary limits of the declared operational environmental profile.
[bookmark: _Toc40223643]Conformance Requirements
[bookmark: _Toc455640245][bookmark: _Toc40223644]Transmitter requirements
[bookmark: _Toc455638618][bookmark: _Toc455638777][bookmark: _Toc455638936][bookmark: _Toc455639088][bookmark: _Toc455639240][bookmark: _Toc455639391][bookmark: _Toc455639679][bookmark: _Toc455639824][bookmark: _Toc455639970][bookmark: _Toc455640110][bookmark: _Toc455640250][bookmark: _Ref499909699][bookmark: _Ref499909733][bookmark: _Toc40223645]Maximum frequency deviation
[bookmark: _Toc455567171][bookmark: _Toc455569101][bookmark: _Toc455569331][bookmark: _Toc455569530][bookmark: _Toc455569642][bookmark: _Toc455571187][bookmark: _Toc455571300][bookmark: _Toc455638620][bookmark: _Toc455638779][bookmark: _Toc455638938][bookmark: _Toc455639090][bookmark: _Toc455639242][bookmark: _Toc455639393][bookmark: _Toc455639681][bookmark: _Toc455639826][bookmark: _Toc455639972][bookmark: _Toc455640112][bookmark: _Toc455640252][bookmark: _Toc455640253][bookmark: _Toc40223646]Definition
The maximum frequency deviation is the maximum allowed departure from the  operating frequency  
[bookmark: _Toc455640254][bookmark: _Ref499909777][bookmark: _Toc40223647]Limits
The maximum frequency deviation of ATC radar systems at the defined operating frequency shall not exceed 1 250 ppm.
NOTE: This value is specified in Appendix 2 of the ITU Radio Regulations [i.3].
[bookmark: _Toc455567179][bookmark: _Toc455569109][bookmark: _Toc455569339][bookmark: _Toc455569538][bookmark: _Toc455569650][bookmark: _Toc455571195][bookmark: _Toc455571308][bookmark: _Toc455638628][bookmark: _Toc455638787][bookmark: _Toc455638946][bookmark: _Toc455639098][bookmark: _Toc455639249][bookmark: _Toc455639400][bookmark: _Toc455639688][bookmark: _Toc455639833][bookmark: _Toc455639979][bookmark: _Toc455640119][bookmark: _Toc455640259][bookmark: _Toc455567180][bookmark: _Toc455569110][bookmark: _Toc455569340][bookmark: _Toc455569539][bookmark: _Toc455569651][bookmark: _Toc455571196][bookmark: _Toc455571309][bookmark: _Toc455638629][bookmark: _Toc455638788][bookmark: _Toc455638947][bookmark: _Toc455639099][bookmark: _Toc455639250][bookmark: _Toc455639401][bookmark: _Toc455639689][bookmark: _Toc455639834][bookmark: _Toc455639980][bookmark: _Toc455640120][bookmark: _Toc455640260][bookmark: _Toc455640261][bookmark: _Toc40223648]Conformance
The conformance tests are specified in clause 5.4.1.1.
The results obtained shall not exceed the limits specified in clause 4.2.1.1.2

[bookmark: _Ref529800413][bookmark: _Toc529884432][bookmark: _Toc40223649]Transmitter output power
[bookmark: _Toc529884433][bookmark: _Toc40223650]Definition
The transmitter power is considered to be the peak value of the transmitter pulse power during the transmission pulse (PEP).
NOTE: The transmitter power is measured at the output port of the transceiver.
[bookmark: _Ref529800315][bookmark: _Toc529884434][bookmark: _Toc40223651]Limits
The transmitter peak power shall not exceed 100 kW (i.e. 80 dBm).
[bookmark: _Ref529800261][bookmark: _Toc529884435][bookmark: _Toc40223652]Conformance
The conformance tests are specified in clause 5.4.1.2.
The results obtained shall not exceed the limit specified in clause 4.2.1.2.2.

[bookmark: _Toc40223653]Measured B-40 bandwidth
[bookmark: _Toc40223654]Definition
The measured -40 dB bandwidth (B-40) is the measured bandwidth of the emissions 40 dB below the measured PEP.
[bookmark: _Toc40223655]Limits
The transmitted bandwidth measured at B-40 below PEP shall be always contained within the 2700-3100 MHz frequency band. 	Comment by Forgeot: To be further discussed
[bookmark: _Toc40223656]Conformance
The conformance tests are specified in clause 5.4.1.3.
The results obtained shall not exceed the limit specified in clause 4.2.1.3.2
[bookmark: _Ref515450306][bookmark: _Toc40223657]Unwanted emissions
[bookmark: _Toc40223658]Unwanted emissions general requirements
The Out-of-Band emission limits and the spurious emission limits shall be based on the calculated B-40 bandwidth as defined in Annex B. The OoB and Spurious domain boundaries are defined in clause 5.4.1.5.



Figure 1: Definition of OoB and spurious emission domains (case of a single operating frequency) 
(Not to scale) 



[bookmark: _Toc455638631][bookmark: _Toc455638790][bookmark: _Toc455638949][bookmark: _Toc455639101][bookmark: _Toc455639252][bookmark: _Toc455639403][bookmark: _Toc455639691][bookmark: _Toc455639836][bookmark: _Toc455639982][bookmark: _Toc455640122][bookmark: _Toc455640262][bookmark: _Toc455638632][bookmark: _Toc455638791][bookmark: _Toc455638950][bookmark: _Toc455639102][bookmark: _Toc455639253][bookmark: _Toc455639404][bookmark: _Toc455639692][bookmark: _Toc455639837][bookmark: _Toc455639983][bookmark: _Toc455640123][bookmark: _Toc455640263][bookmark: _Toc455638633][bookmark: _Toc455638792][bookmark: _Toc455638951][bookmark: _Toc455639103][bookmark: _Toc455639254][bookmark: _Toc455639405][bookmark: _Toc455639693][bookmark: _Toc455639838][bookmark: _Toc455639984][bookmark: _Toc455640124][bookmark: _Toc455640264][bookmark: _Toc455638634][bookmark: _Toc455638793][bookmark: _Toc455638952][bookmark: _Toc455639104][bookmark: _Toc455639255][bookmark: _Toc455639406][bookmark: _Toc455639694][bookmark: _Toc455639839][bookmark: _Toc455639985][bookmark: _Toc455640125][bookmark: _Toc455640265][bookmark: _Toc455638635][bookmark: _Toc455638794][bookmark: _Toc455638953][bookmark: _Toc455639105][bookmark: _Toc455639256][bookmark: _Toc455639407][bookmark: _Toc455639695][bookmark: _Toc455639840][bookmark: _Toc455639986][bookmark: _Toc455640126][bookmark: _Toc455640266][bookmark: _Toc455638636][bookmark: _Toc455638795][bookmark: _Toc455638954][bookmark: _Toc455639106][bookmark: _Toc455639257][bookmark: _Toc455639408][bookmark: _Toc455639696][bookmark: _Toc455639841][bookmark: _Toc455639987][bookmark: _Toc455640127][bookmark: _Toc455640267][bookmark: _Toc455638637][bookmark: _Toc455638796][bookmark: _Toc455638955][bookmark: _Toc455639107][bookmark: _Toc455639258][bookmark: _Toc455639409][bookmark: _Toc455639697][bookmark: _Toc455639842][bookmark: _Toc455639988][bookmark: _Toc455640128][bookmark: _Toc455640268][bookmark: _Toc455638638][bookmark: _Toc455638797][bookmark: _Toc455638956][bookmark: _Toc455639108][bookmark: _Toc455639259][bookmark: _Toc455639410][bookmark: _Toc455639698][bookmark: _Toc455639843][bookmark: _Toc455639989][bookmark: _Toc455640129][bookmark: _Toc455640269][bookmark: _Toc455638639][bookmark: _Toc455638798][bookmark: _Toc455638957][bookmark: _Toc455639109][bookmark: _Toc455639260][bookmark: _Toc455639411][bookmark: _Toc455639699][bookmark: _Toc455639844][bookmark: _Toc455639990][bookmark: _Toc455640130][bookmark: _Toc455640270][bookmark: _Toc455638640][bookmark: _Toc455638799][bookmark: _Toc455638958][bookmark: _Toc455639110][bookmark: _Toc455639261][bookmark: _Toc455639412][bookmark: _Toc455639700][bookmark: _Toc455639845][bookmark: _Toc455639991][bookmark: _Toc455640131][bookmark: _Toc455640271][bookmark: _Toc455638641][bookmark: _Toc455638800][bookmark: _Toc455638959][bookmark: _Toc455639111][bookmark: _Toc455639262][bookmark: _Toc455639413][bookmark: _Toc455639701][bookmark: _Toc455639846][bookmark: _Toc455639992][bookmark: _Toc455640132][bookmark: _Toc455640272][bookmark: _Toc455638642][bookmark: _Toc455638801][bookmark: _Toc455638960][bookmark: _Toc455639112][bookmark: _Toc455639263][bookmark: _Toc455639414][bookmark: _Toc455639702][bookmark: _Toc455639847][bookmark: _Toc455639993][bookmark: _Toc455640133][bookmark: _Toc455640273][bookmark: _Toc455638643][bookmark: _Toc455638802][bookmark: _Toc455638961][bookmark: _Toc455639113][bookmark: _Toc455639264][bookmark: _Toc455639415][bookmark: _Toc455639703][bookmark: _Toc455639848][bookmark: _Toc455639994][bookmark: _Toc455640134][bookmark: _Toc455640274][bookmark: _Toc455569117][bookmark: _Toc455569347][bookmark: _Toc455569546][bookmark: _Toc455569658][bookmark: _Toc455571203][bookmark: _Toc455571316][bookmark: _Toc455638644][bookmark: _Toc455638803][bookmark: _Toc455638962][bookmark: _Toc455639114][bookmark: _Toc455639265][bookmark: _Toc455639416][bookmark: _Toc455639704][bookmark: _Toc455639849][bookmark: _Toc455639995][bookmark: _Toc455640135][bookmark: _Toc455640275][bookmark: _Ref499738001][bookmark: _Toc40223659]Emissions in the Out-of-Band domain
[bookmark: _Toc455640277][bookmark: _Toc40223660]Definition
Out-of-Band emissions refer to emissions in the region between the calculated B-40 and the spurious
Domain.
[bookmark: _Toc473553386][bookmark: _Toc451868146][bookmark: _Ref532294926][bookmark: _Ref532294933][bookmark: _Toc40223661]Limits
The limits of emissions in the OoB domain shall be as specified in Annex 2 of ECC/Recommendation (02)05 [1] also shown in Table 1 (for single frequency radars) and Table 2 (for multiple frequency radars) below.
[bookmark: _Ref11421378]Table 1: Limits for emissions in the OoB domain for single frequency radars
	Frequency offset
relative to B-40
	Limit
dBpp
	Slope
dB/decade

	0,5 to 5
	-40 to -70
	-30

	 5 to 15,8
	-70 to -100 / -30 dBm (See note 1)
	-60

	NOTE 1: from -70 to -100 or -30 dBm whichever is less stringent
NOTE 2: Frequency offset is a multiplicative factor of B-40 value



Table 2: Limits for emissions in the OoB domain for multiple frequency radars
	Frequency offset
relative to B-40
	Limit
dBpp
	Slope
dB/decade

	0,5 to 2.3
	-40 to -43 - 10*log(PEP) / -60 (see note 1)
	-30

	NOTE1: from -40 to -43 - 10*log(PEP) or -60 dBpp whichever is less stringent
NOTE 2: Frequency offset is a multiplicative factor of B-40 value
NOTE 3: PEP unit is Watt



For radars using with multiple pulse waveforms, the emission mask shall be calculated for each individual pulse and the widest mask shall be considered. 
For radars with multiple operating frequencies, if two or more B-40 overlap, the emissions in the OoB and spurious domains shall be measured taking into account the overall B-40.  Whenever the PEP related to two adjacent operating frequencies are different, the combined B-40 shall be related to the higher PEP value.

[bookmark: _Toc473553387][bookmark: _Toc451868147][bookmark: _Toc40223662]Conformance
The conformance tests are specified in clause 5.4.1.5.1.
The results obtained shall not exceed the limits specified in clause 4.2.1.4.2.2.

[bookmark: _Toc40223663]Emissions in the spurious domain
[bookmark: _Toc40223664]Definition
Spurious emissions are unwanted emissions in the spurious domain. They include:
· harmonic emissions (i.e. whole multiples of the operating frequency),
· parasitic emissions,
· emissions from intermodulation products (e.g. between oscillator and operating frequency, or between oscillator and harmonics),
· emissions from frequency conversion products.
For active transmitters, the spurious domain is all frequencies outside the OoB domain.
[bookmark: _Toc473553390][bookmark: _Toc451868150][bookmark: _Ref532295571][bookmark: _Toc40223665]Limits
The spurious emissions limits are related to the PEP and shall be as specified in ERC/Recommendation 74-01 [2] Annex 5 also shown in Table 3 below. 
Table 3 - Limits for emissions in the spurious domain

	Radar type
	Limits (see note 1)

	Single frequency 
	100 dB or -30 dBm 

	Multi-frequency 
	43 + 10*log(PEP) or 60 dB whichever is less stringent

	NOTE 1: Absolute levels (dBm in PEP in the reference bandwidth) or attenuation
(dB) below the power (PEP) supplied to the antenna port 



[bookmark: _Toc473553391][bookmark: _Toc451868151]

[bookmark: _Toc40223666]Conformance
The conformance tests are specified in clause 5.4.1.5.2.
The results obtained shall not exceed the limits specified in clause 4.2.1.4.3.2.
[bookmark: _Toc40223667][bookmark: _Hlk525816609]Stand-by mode emissions
[bookmark: _Toc473302821][bookmark: _Toc482372479][bookmark: _Toc40223668]Definition
Stand-by mode emissions are residual emissions at the transceiver output when the transmitter is in stand-by mode. In this mode, the transmitter is available for operation, but is not in the active state.
[bookmark: _Toc473302822][bookmark: _Toc482372480][bookmark: _Ref512421479][bookmark: _Ref512421514][bookmark: _Toc40223669]Limits
The stand-by mode emissions for each operating frequency shall be not exceed -47 dBm as specified in Table 15 of ERC/Recommendation 74-01 [2] apart from  ±250% of the measured necessary bandwidth BN where no limits are specified. 
The radars covered by the present document use WR284/WG10/R32 waveguides to transfer power between the transmitter and the antenna and the waveguide cut-off frequency is 2 077 MHz. Therefore, measurements below this frequency are not required since the waveguide is unable to support power transfer along its length below the cut-off frequency. 


[bookmark: _Toc473302823][bookmark: _Toc482372481][bookmark: _Toc40223670]Conformance
The conformance tests for this requirement shall be as defined in clause 5.4.1.5.3.
The results obtained shall not exceed the limit in clause 4.2.1.4.4.2.
[bookmark: _Toc40223671]Examples of limits
Figures 3 and 4 below show examples of the emissions limits (half of the mask above the operating frequency is shown) in the OoB and Spurious domain for the radar systems above mentioned.

[image: ]
Figure 3: Example of emission limits in the OoB and Spurious domains in case of a single operating frequency radar with PEP> 10kW 




Figure 4: Example of emissions limits in the OoB and Spurious domains in case of a multiple operating frequencies radar (considering only one operating with PEP> 50W)   
[bookmark: _Toc455640287][bookmark: _Toc40223672][bookmark: _Toc451534863]Receiver requirements
[bookmark: _Toc40223673]General requirement
The S-band ATC radars use RF receiver inside the transceiver function and may use RF receivers connected to the radar antenna receiving beams patterns. The receiver requirements shall be tested for all the receivers of the radar.
[bookmark: _Toc40223674]Noise Figure
[bookmark: _Toc480797175][bookmark: _Toc40223675]Definition
The Noise Figure is the noise factor as defined below expressed in dB.  
The noise factor is the ratio of noise power measured at the output of the receiver to the noise power which would be present at the output if the thermal noise due to the resistive component of the source impedance were the only source of noise in the system; both noise powers are determined at an absolute temperature of the source equal to T = 293 K;
NOTE: 	The definition of noise factor is taken from Recommend 2 of ITU-R Radio Recommendation ITU-R SM.331-4 [i.7] 
[bookmark: _Toc40223676][bookmark: _Toc480797176][bookmark: _Ref534899040]	Limits
The Noise Figure shall not exceed 6dB.
[bookmark: _Toc480797177][bookmark: _Toc40223677]Conformance
The conformance tests are specified in clause 5.4.2.1
The result obtained shall not exceed the limits specified in clause 4.2.2.2.2.
[bookmark: _Toc40223678][bookmark: _Toc480797178]Receiver Compression Level
[bookmark: _Toc40223679]Definition
The compression level is defined as the level of the input signal at which one of the receiver stages becomes non-linear thereby causing distortion and other non-linear effects that prevent proper operation of the receiver itself.
The receiver compression level is defined as the input power when the receiver gain is reduced by 1 dB (i.e. when the receiver output is 1 dB into compression) as shown in figure 5.


Figure 5: Illustration of finding the receiver 1dB compression point

[bookmark: _Ref532285696][bookmark: _Toc40223680]Limits
The receiver input compression level of the radar shall be at least -40 dBm. 
[bookmark: _Toc40223681]Conformance
The conformance tests are specified in clause 5.4.2.2.
The result obtained shall not exceed the limits specified in clause 4.2.2.3.2.
[bookmark: _Ref2533575][bookmark: _Toc40223682]Receiver selectivity
[bookmark: _Toc40223683][bookmark: _Toc451868154][bookmark: _Toc480797179]Definition
The radar receiver selectivity is a measure of its ability to discriminate between a wanted signal to which the
receiver is tuned and unwanted signals.
NOTE 1:	The definition of selectivity is taken from Recommendation ITU-R SM.332-4 [i.9]
NOTE 2:	 Radar receiver selectivity refers to effects measured within the linear range of the receiver to transpose at its output the radar desired signal and to reject unwanted perturbing signals located outside the B-40 bandwidth.
[bookmark: _Hlk503353134]NOTE 3: 	Unwanted signals inside the B-40 bandwidth are not considered for the receiver selectivity since they fall into the desired frequency range for the reception of wanted signals. 
NOTE 4: The selectivity curve is the rejection of an unwanted CW signal for a range of frequencies.
[bookmark: _Ref525568041][bookmark: _Toc40223684]Limit
The required input selectivity characteristic of the radar receiver is based on the receiver B-40 bandwidth (see Annex B). 
The selectivity of a receiver tuned at an operating frequency fo shall be verified in the following frequency ranges:
fo - B-40 /2 - 500 MHz ≤  f  ≤fo - B-40 /2
fo + B-40 /2   ≤ f ≤  fo + B-40 /2 + 500 MHz

If the image frequencies, as calculated in formula (1) below, are not covered by the frequency ranges defined above, the selectivity measurement shall be done also on the following frequency range: 
fimage - B-40 /2   ≤  f  ≤ fimage + B-40 /2
to cover the image frequencies susceptibility.
		(1)
The receiver selectivity mask shall be as defined in Table 4.  An illustration is shown in figure 6.
 
[bookmark: _Ref11421388][bookmark: _Ref11421352]Table 4: Receiver selectivity mask 
	Frequency offset relative to fo by multiple of  the 
B-40 bandwidth 
	Relative rejection 
in dB referenced to in-band level
	Slope 
dB/decade

	0 to 0,5
	 0
	

	0,5
	-40
	-

	0,5 to 2.3
	-40 to -60 
	-30

	2.3 to 
	-60 dB
	0




[bookmark: _Ref25681618][bookmark: _Ref25681602]
Figure 6: Example of receiver selectivity mask (not to scale)
[bookmark: _Toc486489480][bookmark: _Toc40223685]Conformance
The conformance tests are specified in clause 5.4.2.3.
The results obtained shall not exceed the limits of the selectivity mask specified in clause 4.2.2.4.2. 
[bookmark: _Toc455569135][bookmark: _Toc455569365][bookmark: _Toc455569564][bookmark: _Toc455569676][bookmark: _Toc455571221][bookmark: _Toc455571334][bookmark: _Toc455638664][bookmark: _Toc455638823][bookmark: _Toc455638982][bookmark: _Toc455639134][bookmark: _Toc455639285][bookmark: _Toc455639436][bookmark: _Toc455639724][bookmark: _Toc455639869][bookmark: _Toc455640015][bookmark: _Toc455640155][bookmark: _Toc455640295][bookmark: _Toc455569149][bookmark: _Toc455569379][bookmark: _Toc455569578][bookmark: _Toc455569690][bookmark: _Toc455571235][bookmark: _Toc455571348][bookmark: _Toc455638678][bookmark: _Toc455638837][bookmark: _Toc455638996][bookmark: _Toc455639148][bookmark: _Toc455639299][bookmark: _Toc455639449][bookmark: _Toc455639737][bookmark: _Toc455639882][bookmark: _Toc455640028][bookmark: _Toc455640168][bookmark: _Toc455640308][bookmark: _Toc455569151][bookmark: _Toc455569381][bookmark: _Toc455569580][bookmark: _Toc455569692][bookmark: _Toc455571237][bookmark: _Toc455571350][bookmark: _Toc455638680][bookmark: _Toc455638839][bookmark: _Toc455638998][bookmark: _Toc455639150][bookmark: _Toc455639301][bookmark: _Toc455639451][bookmark: _Toc455639739][bookmark: _Toc455639884][bookmark: _Toc455640030][bookmark: _Toc455640170][bookmark: _Toc455640310][bookmark: _Toc455638681][bookmark: _Toc455638840][bookmark: _Toc455638999][bookmark: _Toc455639151][bookmark: _Toc455639302][bookmark: _Toc455639452][bookmark: _Toc455639740][bookmark: _Toc455639885][bookmark: _Toc455640031][bookmark: _Toc455640171][bookmark: _Toc455640311]

[bookmark: _Toc40223686]Testing for compliance with technical requirements 
[bookmark: _Toc40223687]General requirements
The manufacturer shall ensure that all operating modes and product configurations are in compliance with the technical requirements in the present document. 
[bookmark: _Toc451534864][bookmark: _Toc40223688]Environmental conditions for testing
[bookmark: _Toc40223689]General requirements
The technical requirements of the present document apply under the environmental profile for operation of the equipment, which shall be declared by the manufacturer, but as a minimum, shall be that specified in the test conditions contained in the present document. The equipment shall comply with all the technical requirements of the present document at all times when operating within the boundary limits of the declared operational environmental profile.
[bookmark: _Toc455640321][bookmark: _Toc409079901][bookmark: _Toc428884721][bookmark: _Toc40223690]Normal temperature and humidity
The temperature and humidity conditions for tests shall be a combination of temperature and humidity within the following ranges:
1. temperature:	+15 oC to +35 oC;
1. relative humidity:	not exceeding 75 %.
[bookmark: _Toc455640322][bookmark: _Toc409079902][bookmark: _Toc428884722][bookmark: _Toc40223691]Normal test power supply
The AC voltage to supply the EUT shall be as declared by the Manufacturer, with ±10 % tolerance. The voltage frequency used for the test shall be 50 Hz ± 1 Hz.  
[bookmark: _Toc451534865][bookmark: _Toc40223692]Interpretation of the measurement results
The interpretation of the results recorded in a test report for the measurements described in the present document shall be as follows:
the measured value related to the corresponding limit will be used to decide whether an equipment meets the requirements of the present document;
the value of the measurement uncertainty for the measurement of each parameter shall be included in the test report;
[bookmark: _Hlk787011]Recommended values for the maximum measurements uncertainty figures can be found in Annex F.
[bookmark: _Toc40223693]Radio test suites
[bookmark: _Toc455640326][bookmark: _Toc447652945][bookmark: _Toc40223694][bookmark: _Toc447652946][bookmark: _Ref409077957][bookmark: _Toc409079905][bookmark: _Toc428884725]Transmitter test specification
[bookmark: _Toc451868166][bookmark: _Toc480797191][bookmark: _Ref485744359][bookmark: _Ref505875802][bookmark: _Toc40223695]Maximum frequency deviation
[bookmark: _Hlk525827831]The measurement set-up shall be as described in Annex C.
To measure the frequency deviation a spectrum analyser shall be used. 
The frequency measurements shall be performed with the combination of pulse lengths and PRF in order to achieve the minimum and maximum duty cycles.
A spectrum analyser shall be used to display the frequency spectrum in order to obtain the centre between the highest and lowest frequencies measured at B-20.	Comment by Olivier FORGEOT: To be checked 

[bookmark: _Hlk525827874]The frequency deviation shall be measured at least at the lowest and highest operating frequency. 
The value of the measured operating frequencies shall be noted in the test report.

[bookmark: _Toc451868167][bookmark: _Toc480797192][bookmark: _Ref531851805][bookmark: _Toc40223696]Transmitter output power
[bookmark: _Hlk525828008]The measurement set-up shall be as described in Annex C.
The transmitter power shall be referenced with respect to the output port of the radar transceiver. 
The PEP shall be measured at least at the lowest and highest operating frequency.
If the transmitter output power is varied over the azimuth coverage, the highest PEP value set shall be considered. The value of the measured PEP shall be noted in the test report.

[bookmark: _Ref499891303][bookmark: _Toc40223697][bookmark: _Hlk525828410][bookmark: _Toc451868168][bookmark: _Toc480797193][bookmark: _Ref486525181][bookmark: _Ref486525215][bookmark: _Ref486525287]Measured B-40 bandwidth
The measurement setup shall be as described in Annex C.
The bandwidth of the emissions 40 dB below PEP shall be measured.
The measurements of the B-40 bandwidth shall be performed with the same settings as in clause 5.4.1.5 (Unwanted emissions). 
The lower and upper frequencies of the B-40 bandwidth shall be measured for the lowest  and the highest selectable operating frequencies (Fmin and Fmax).
The values of the measured lower and upper frequencies of the B-40 bandwidth shall be noted in the test report.

[bookmark: _Ref532299419][bookmark: _Toc40223698]Measured B-20 bandwidth
[bookmark: _Hlk39703514]The measurement setup shall be as described in Annex C.
The bandwidth of the emissions 20 dB below PEP shall be measured.
The measurements of the B-20 bandwidth shall be performed with the same settings as in clause 5.4.1.5 (Unwanted emissions). 
The B-20 bandwidth shall be measured for the lowest and the highest selectable operating frequencies (Fmin and Fmax).
The value(s) of the measured B-20 bandwidth shall be noted in the test report.

[bookmark: _Ref512619087][bookmark: _Ref512619119][bookmark: _Ref512619132][bookmark: _Ref531215427][bookmark: _Ref531215441][bookmark: _Toc40223699]Unwanted emissions
[bookmark: _Ref499893607][bookmark: _Toc40223700]Out-of-Band-emissions
The measurement set-up shall be as described in Annex C.
The Out-of-Band power emissions of the transmitter shall be measured at the output port of the transceiver at least at the lowest and highest selectable operating frequencies (Fmin and Fmax).
For single operating frequency radars, the Out-of-Band power emissions shall be measured in the frequency range given in Table 5. For multi operating frequencies radars, the Out-of-Band power emissions shall be measured in the frequency range given in Table 6. 
. 

[bookmark: _Ref532294725][bookmark: _Ref512421658][bookmark: _Ref512421351]Table 5: Out-of-Band emissions boundaries for single operating frequency
	Lower OoB measurement limit
	Upper OoB measurement limit

	Maximum value between  
(Operating frequency - 15,8 x B-40  )  
and ( 2 077 MHz )
	Operating frequency + 15,8 x B-40

	
NOTE1: 2 077 MHz corresponds to the cut-off frequency of the  output waveguide
NOTE2: B-40 is calculated using the formulae in Annex B



[bookmark: _Ref532294746]Table 6: Out-of-Band emissions boundaries for multiple operating frequencies 

	Lower OoB measurement limit
	Upper OoB measurement limit

	Maximum value between  
(Operating frequency - 2,3 x B-40 ) 
and 2 077 MHz 
	Operating frequency + 2,3 x B-40

	
NOTE1: 2 077 MHz corresponds to the cut-off frequency of the output waveguide 
NOTE2: B-40 is calculated from the formulae in Annex B



The radars covered by the present document use WR284/WG10/R32 waveguides to transfer power between the transmitter and the antenna and the waveguide cut-off frequency is 2 077 MHz. Therefore, measurements below this frequency do not provide valid results since the waveguide is unable to support power transfer along its length below the cut-off frequency.
All measurements of Out-of-Band emissions shall be made with a reference bandwidth of 1 MHz.
NOTE: The reference bandwidth is defined in Annex 2 of Recommendation ITU-R 1177-4 [i.8].
The resolution bandwidth of the measurement equipment shall be in accordance of Annex 2 of Recommendation ITU-R 1177-4 [i.8].
EXAMPLE :	Considering the case of a radar with a single operating frequency  at 2,8 GHz, a pulse duration of t = 100 µs and a rise time of tr = 200 ns, the 40 dB bandwidth calculated applying the equation given at Appendix B is of the order of 10MHz depending on the modulation bandwidth. This leads to OoB boundaries at 100 dB below peak power of the operating frequency which are 15,8 × 10 MHz = 158 MHz away from the operating frequency. For this example, the absolute boundaries between out-of-band emissions and spurious emissions are: 2,8 GHz – 0,158 GHz = 2,642 GHz and 2,8 GHz + 0,158 GHz = 2,958 GHz.
The measurements of Out-of-band emissions shall be noted in the test report. 

[bookmark: _Toc451868169][bookmark: _Toc480797194][bookmark: _Ref499897126][bookmark: _Ref499897163][bookmark: _Ref499897164][bookmark: _Ref499897172][bookmark: _Ref499897173][bookmark: _Ref499897174][bookmark: _Ref499897751][bookmark: _Toc40223701]Spurious emissions
The measurement set-up shall be as described in Annex D.
The spurious emissions of the transmitter shall be measured at the output port of the transceiver tuned at the operating frequency of the radar.
For multi frequency radar the test shall be executed for the lowest and highest selectable operating frequency. 
The spurious emissions shall be measured in frequency ranges outside the Out-of-Band emissions boundaries as defined in Table 7.  
All measurements of spurious emissions shall be made with a reference bandwidth of 1 MHz according to ERC/Recommendation 74-01 [2].

[bookmark: _Ref512421853][bookmark: _Ref532295184]Table 7: Spurious emissions measurement bands 
	Lower band measurement limits
	Upper band measurement limits

	From 2077 MHz 
to the lower OoB boundary
	From the upper OoB boundary
To 5th harmonic of the operating frequency 


	NOTE 1: the lower frequency corresponds to the cut-off frequency for ATC radars output waveguide WR-284/R32/WG10 waveguide as defined in IEC 60153-2 [i.6].

NOTE 2: For fo= 3 100 MHz,  this 5th harmonic is equal to 15,5 GHz. 



The radars covered by the present document use WR284/WG10/R32 waveguides to transfer power between the transmitter and the antenna and the waveguide cut-off frequency is 2 077MHz. Therefore, measurements below this frequency do not provide valid results since the waveguide is unable to support power transfer along its length below the cut-off frequency. 
The measurements of the spurious emissions shall be noted in the test report.

[bookmark: _Ref505877338][bookmark: _Toc40223702][bookmark: _Toc455640335]Stand-by mode emissions
The measurement set-up shall be as described in Annex D.
The radar system shall be placed in stand-by mode.
The standby mode emissions shall be measured in the frequency ranges outside ± 2,5 times the measured necessary bandwidth aside the operating frequency. 
The standby mode emissions shall be measured at the output port of the transceiver tuned at the operating frequency of the radar.
For multi frequency radar the test shall be executed for the lowest and highest selectable operating frequency. 
The radars covered by the present document use WR284/WG10/R32 waveguides to transfer power between the transmitter and the antenna and the waveguide cut-off frequency is 2 077 MHz. Therefore, measurements below this frequency do not provide valid results since the waveguide is unable to support power transfer along its length below the cut-off frequency. 
All measurements of stand-by mode emissions shall be made as indicated in Table 8 where:
· f is the measurement frequency.
· fm1 = fo - 2,5 x BN  where BN is the measured Necessary Bandwidth, i.e. the B-20 bandwidth measured in clause 5.4.1.4
· fm2 = fo + 2,5 x BN  .
· if 2 operating frequencies are close to each other so that the Necessary Bandwidths related to the 2 operating frequencies overlap, then fm1 = fo1-2,5 x BN1  and fm2 = fo2+2,5 x BN2  where BN1 is the Necessary Bandwidth of fo1 and BN2 is the Necessary Bandwidth of fo2
[bookmark: _Ref532297741]Table 8: Frequency range for measurement and Reference Bandwidths 
	Frequency Range
	Reference Bandwidth

	2,077 GHz ≤ f < fm1
	1 MHz 

	fm2 ≤ f ≤ 5th harmonic of the operating frequency fo
 
	1 MHz

	NOTE 1: The Out-of-Band Domain is defined in clause 4.2.1.4.2
NOTE 2: 2,077 GHz correspond to the cut-off frequency of the WR-284/R32/WG10 waveguide as defined in IEC 60153-2 [i.6]
NOTE 3: The upper band measurement limit corresponds to the 5th harmonic of the upper limit of the operating frequency band as defined in ERC Recommendation 74-01 [2],  Table 1. For fo= 3 100 MHz,  the 5th harmonic is equal to 15,5 GHz.



The measurements of stand-by mode emissions shall be noted in the test report.
[bookmark: _Toc40223703]Receiver test specification
[bookmark: _Toc40223704][bookmark: _Toc451868171]Noise Figure
The measurement set-up shall be as described in Annex E.

The noise figure shall be measured at the input port of the receiver tuned at the operating frequency of the radar.
For multi frequency radar the measurement shall be executed for the lowest and highest selectable operating frequency.  
The Y-factor method for the measurement of the receiver noise figure shall be used. A noise source is connected to the radar receiver input port. The receiver noise figure is then determined from the ratio between the noise power values at the output of the intermediate frequency stage with noise source on and noise source off.

The Noise Figure NF of the radar receiver is measured along the complete receiving signal chain. It shall be measured using a calibrated noise source connected to a noise figure meter.  
The receiver frequency shall be documented in the test report.
The Noise Figure value(s) shall be noted in the test report.


[bookmark: _Ref531854510][bookmark: _Toc40223705][bookmark: _Toc480797198][bookmark: _Ref492994436]Receiver Compression Level
The measurement set-up shall be as described in Annex F.
The receiver compression level shall be shall be measured at the input port of the receiver tuned at the operating frequency of the radar.
For multi frequency radar the measurement shall be executed for the lowest and highest selectable operating frequency.  
The receiver frequency shall be documented in the test report.
The method to measure the receiver compression level is to increase the power of a RF sine wave signal injected into the receiver and check linearity at the output of the receiver.
A CW test signal tuned at the operating frequency shall be injected into the radar receiver input port.
The gain response curve of the complete receiver shall be measured and the 1dB compression point shall be noted.

[bookmark: _Ref532292974][bookmark: _Ref532292988][bookmark: _Ref532293000][bookmark: _Toc40223706]Receiver selectivity
[bookmark: _Toc40223707]General setup
The measurement setup shall be as described in Annex F.
In order to determine if the receiver selectivity follows the required mask, a disturbing test signal level is applied at the radar receiver input port and the residual level of test signal is measured at the output of the matched filter of the radar receiver. 
[bookmark: _Toc40223708][bookmark: _Toc451534866]Disturbing Test Signals
The disturbing signal shall be a CW signal. The input level of the disturbing signal shall be 4 dB below the receiver compression level measured in clause 5.4.2.2 such that the receiver will not be saturated. The value of this level shall be noted (Ref_In).
A selectivity curve shall be built with a disturbing signal which spans in the frequency ranges described in 4.2.2.4.2  
For the measurement of the receiver(s) of the radar transceiver which is fed through a WG10 waveguide, the selectivity shall be tested only for frequency ranges above the cut-off frequency of 2 077 MHz.
The discrete frequency steps of the disturbing signal shall not exceed half of the bandwidth of the matched filter, or 1 MHz, whichever is smaller.

[bookmark: _Toc40223709]Measurement Procedure
Selectivity curves shall be built for the receiver tuned at the minimum and the maximum selectable operating frequencies. 
The receiver operating frequency and measurement parameters shall be documented in the test report for each measured selectivity curves. 
The measurement steps shall be as follow:
a)    Inject at the receiver’s input the disturbing CW signal with a Ref_In level and tuned at the operating frequency of the receiver. Then measure the level of the CW signal at the receiver’s output, which shall be the noted as the output reference level (Ref_Out). 
b)  for each frequency steps over the frequency range, inject the disturbing CW signal and then measure the remaining level of the CW signal at the receiver’s output. This shall be noted as the frequency dependent rejected levels P_Out(f).
c)  the difference (in dB) of P_Out(f) to the output reference leve Ref_Out  shall be recorded as the measured selectivity curve over the frequency range, and  shall be  compared to the normalized selectivity mask calculated according to the limits described in 4.2.2.4.2. The relevant diagram shall be reported in the test report. 
If spurious signals from the signal generator are present, this shall be documented in the test report. 


[bookmark: _Toc40223710]Annex A (informative):
Relationship between the present document and the essential requirements of Directive 2014/53/EU
The present document has been prepared under the Commission's standardisation request C(2015) 5376 final [i.2] to provide one voluntary means of conforming to the essential requirements of Directive 2014/53/EU on the harmonisation of the laws of the Member States relating to the making available on the market of radio equipment and repealing Directive 1999/5/EC [i.1].
Once the present document is cited in the Official Journal of the European Union under that Directive, compliance with the normative clauses of the present document given in table A.1 confers, within the limits of the scope of the present document, a presumption of conformity with the corresponding essential requirements of that Directive, and associated EFTA regulations.
Table A.1: Relationship between the present document and
the essential requirements of Directive 2014/53/EU
	Harmonised Standard ETSI EN 303 347-1

	Requirement
	Requirement Conditionality

	No
	Description
	Essential requirements of Directive
	Clause(s) of the present document
	U/C
	Condition

	1
	Maximum frequency deviation
	3.2
	4.2.1.1
	U
	

	2
	Transmitter output power
	3.2
	4.2.1.2
	U
	

	3
	Measured B-40 Bandwidth
	3.2
	4.2.1.3
	U
	

	4
	Emissions in the Out-of-Band domain
	3.2
	4.2.1.4.2
	U
	

	5
	Emissions in the spurious domain
	3.2
	4.2.1.4.3
	U
	

	6
	Stand-by Mode Emissions
	3.2
	4.2.1.4.4
	U
	

	7
	Noise Figure
	3.2
	4.2.2.2
	U
	

	8
	Receiver Compression Level
	3.2
	4.2.2.3
	U
	

	9
	Receiver Selectivity
	3.2
	4.2.2.4
	U
	


Key to columns:
Requirement:
No	A unique identifier for one row of the table which may be used to identify a requirement.
Description	A textual reference to the requirement.
Essential requirements of Directive
	Identification of article(s) defining the requirement in the Directive.
Clause(s) of the present document
	Identification of clause(s) defining the requirement in the present document unless another document is referenced explicitly.
Requirement Conditionality:
U/C	Indicates whether the requirement is unconditionally applicable (U) or is conditional upon the manufacturer's claimed functionality of the equipment (C).
Condition	Explains the conditions when the requirement is or is not applicable for a requirement which is classified "conditional".
Presumption of conformity stays valid only as long as a reference to the present document is maintained in the list published in the Official Journal of the European Union. Users of the present document should consult frequently the latest list published in the Official Journal of the European Union. 
Other Union legislation may be applicable to the product(s) falling within the scope of the present document.

[bookmark: _Toc40223711]Annex B (normative): Calculation of the B-40 bandwidth
Annex 8 of Recommendation ITU‑R SM.1541‑6 [i.4] defines B-40 for various types of waveforms (e.g. pulsed radar signals). Assuming that:
· the radar is operating in the band 2 700 MHz to 3 100 MHz;
· the pulse rise time tr is greater than 0,0094∙t, where t is the pulse duration.
For primary non-FM pulse radars B-40 is determined as follows:

	(1)
Where:
t is the pulse duration.
tr is the rise time in the case of a trapezoidal pulse.
NOTE:	For non-FM pulse PSR radars, typical values of a pulse duration of t = 1µs and a rise time of tr = 200 ns the formula above yields a ‑40 dB bandwidth value of 17 MHz.
For pulse FM radars, two formulas are specified in ITU‑R SM.1541‑6 [i.4] for B-40:
 (2)
Where:

B-40 is the -40 dB bandwidth in Hz;
BC is the bandwidth of the frequency deviation (total frequency shift during the pulse generation);
τ is the pulse length including rise & fall times;
 to account for the rise time.	(3)
to account for the fall time.	(4)
 to account for both the rise and fall times combination.		(5)
tr is the rise time in seconds;
tf is the fall time in seconds,
		(6)
Where:
· K = 7.6 and A = 0,065
NOTE:	The term A/tr adjusts the value of B−40 to account for the influence of the rise time, which is substantial when the time-bandwidth product Bc ∙ t, is small or moderate and the rise time is short.
NOTE:	For FM pulse PSR radars, typical values for a pulse duration of t = 100µs and a rise time of tr = 200 ns the formulas above yield a ‑40 dB bandwidth value of ≈10 MHz depending on the modulation bandwidth.
Equation (2) is only valid when the following conditions are both met:
1. The product BC ∙ Minimum (tr, tf) is greater than or equal to 0.10 and
1. the product of BC ∙ τ or compression ratio is greater than 10.
In all other cases, equation (6) is used.
For radars with an asymmetrical spectrum (e.g. magnetron based radars), the B-40 bandwidth can be offset from the frequency of maximum emission level, but the necessary bandwidth, BN and preferably the overall occupied bandwidth should be contained completely within the allocated band as stipulated in section 4 of Annex 8 of recommendation ITU‑R SM.1541‑6 [i.4].
The application of this rule is illustrated in figure B.1.
[image: ]
Figure B.1: Application of the offset-rule for the Out-of-Band emission limit mask

 



[bookmark: _Toc451534867][bookmark: _Toc40223712]Annex C (normative):
Frequency deviation, transmitter power, B-40, B-20  and Out-of-band emissions  measurement set-up
 
The indirect method for radio frequency measurements is performed at the waveguide output of the transceiver with dismounted connection toward the antenna system. The antenna shall be replaced by a dummy load.
A WR-284/WG10/R32 waveguide as defined in IEC 60153-2 [i.6] shall be used to connect the transceiver output. 
The method for measurement of the operation frequency, transmit power and out‑of-band emissions shown in figure C.1 shall be applied.



Figure C.1: Method for Operating frequency, transmitter power and unwanted Out-of-band emissions measurements 

The length of the WG10 waveguide between the output of the transceiver and the directional coupler shall be at least of 20cm, to avoid measurement of potential evanescent waves.   On that flange a directional coupler will be mounted with its main port terminated by the dummy load.
The coupling ratio of the waveguide directional coupler shall be added to the measurement. 
To determine the Peak Envelope Power of the pulse, a measurement equipment with direct reading of the transmitter peak power shall be used (e.g. peak power meter, spectrum analyser). 




[bookmark: _Toc40223713]Annex D (normative):
Spurious and stand-by emissions measurement set-up
 
The indirect method for radio frequency measurements is performed at the waveguide output of the transceiver with dismounted connection toward the antenna system which is replaced by a dummy load.
The method for measurement of the spurious and stand-by emissions shown in figure D.1 shall be applied.
 




Figure D.1: Method for the spurious emissions measurements
A WR-284/WG10/R32 waveguide as defined in IEC 60153-2 [i.6] shall be used to connect the transceiver output.
The technique using a wideband RF coupler inserted between the transceiver output and a dummy load shall applied.  
The frequency range of directivity port of the coupler shall be from 2,077 GHz to 15,5 GHz.
The length of the WG10 waveguide between the output of the transceiver and the coupler shall be at least of 20cm, to avoid measurement of potential evanescent waves. 
The coupling ratio from the WG10 waveguide coupler shall be added to the measurement.
NOTE:	To obtain a sufficient dynamic range, the radar signal may need to be suppressed by e.g. adding a notch filter in front the measurement equipment.





[bookmark: _Toc455639920][bookmark: _Toc455640066][bookmark: _Toc455640206][bookmark: _Toc455640346][bookmark: _Toc455639921][bookmark: _Toc455640067][bookmark: _Toc455640207][bookmark: _Toc455640347][bookmark: _Toc455638728][bookmark: _Toc455638887][bookmark: _Toc455639040][bookmark: _Toc455639192][bookmark: _Toc455639343][bookmark: _Toc455639493][bookmark: _Toc455639776][bookmark: _Toc455639922][bookmark: _Toc455640068][bookmark: _Toc455640208][bookmark: _Toc455640348][bookmark: _Toc455638737][bookmark: _Toc455638896][bookmark: _Toc455639049][bookmark: _Toc455639201][bookmark: _Toc455639352][bookmark: _Toc455639502][bookmark: _Toc455639785][bookmark: _Toc455639931][bookmark: _Toc455640077][bookmark: _Toc455640217][bookmark: _Toc455640357][bookmark: _Toc504129287][bookmark: _Toc300911793][bookmark: _Toc339285299][bookmark: _Toc339285459][bookmark: _Toc339285844][bookmark: _Toc389039092][bookmark: _Toc389052594][bookmark: _Toc389062131][bookmark: _Toc390330257][bookmark: _Toc390348177]
[bookmark: _Toc40223714]Annex E (normative): 
[bookmark: _Toc40223715]Noise figure measurement set-up
The method for the measurement of the noise figure measurement of the transceiver shown in figure E.1 shall be applied.
For the measurement of the noise figure, the noise level shall be applied using a calibrated noise source connected to the waveguide  input of the transceiver through a Coaxial/WG10  transition and measurements shall be performed at the IF output of the receiver.  



Figure E.1: Method for Noise Figure measurement of the transceiver




The method for the measurement of the noise figure measurement of the auxiliary receivers shown in figure E.2 shall be applied.
For the measurement of the noise figure, the noise level shall be applied using a calibrated noise source connected to the coaxial input of the auxiliary receiver and measurements shall be performed at the IF output of the receiver.  




Figure E.2: Method for noise figure measurement of an auxiliary receiver 




[bookmark: _Toc40223716]Annex F (normative): 
[bookmark: _Toc40223717]Compression level, and selectivity measurement set-up

[bookmark: _Toc455640360]The method for the measurements of the compression level and the receiver selectivity of the transceiver shown in figure F.1 shall be applied.  
 


Figure F.1: Method for compression level and selectivity   measurements of the transceiver
The radar transmitter shall be placed in stand-by mode. 
For the measurement of the compression level, using a RF signal generator, the test signal shall be applied to the waveguide input of the transceiver through a Coaxial/W10 transition. 
For the measurement of the selectivity, using a RF signal generator, the disturbing signal shall be applied to the waveguide input of the transceiver with alternatively the appropriate waveguides and transitions as defined below: 
WG10 for disturbing signal with a frequency between 2 200 MHz and 3 600 MHz 
WG10 if the image frequency is between 2077 MHz and 2200 MHz 
WG10, WG12, WG14 if the image frequency is between 3 600 MHz and 8 200 MHz.  The WG14 is connected to the WG12 as shown in Figure F.1 (dotted line)
The measurement equipment shall be connected at the output the digital receiver. This output shall copy the signal received after the radar matched filter function.

The method for measurements of the compression level and receiver selectivity of an auxiliary receiver shown in figure F.2 shall be applied.


Figure F.2: Method for compression level and selectivity measurements of an auxiliary receiver
The radar transmitter shall be placed in stand-by mode.  
The test signal using a RF signal generator shall be applied to the coaxial input port of the auxiliary receiver. 
The measurement equipment shall be connected at the output the digital receiver. This output shall copy the signal received after the radar matched filter function. 



[bookmark: _Toc40223718]Annex G (informative):
[bookmark: _Toc40223719]Maximum Measurement Uncertainty
Table G.1 below shows the recommended values for the maximum measurement uncertainty figures. 


Table G.1: Maximum measurement uncertainty

	Parameter
	Uncertainty

	Environment measurements

	Temperature
	1 °C

	Relative humidity
	5 %

	Transmitter measurements 

	Frequency tolerance 
	±1 ppm

	Transmitter power
	±1,5 dB

	Out-of-Band emissions
	± 4 dB 

	Spurious emissions
	± 4 dB 

	Mains Supply Voltage
	± 2 %

	Receiver measurements

	Noise Figure
	± 1dB

	Receiver Selectivity
	± 4 dB 

	Receiver Compression Level
	± 1 dB





[bookmark: _Toc37318871][bookmark: _Toc37319009][bookmark: _Toc40223720]Annex H (informative):
WR284/WG10 waveguide characteristics
The cut-off frequency (TE10) of a WR284/WG10 waveguide is 2 077 MHz. EM Fields below this frequency will not propagate through the waveguide, corresponding to a fast exponential decrease of the fields. The theoretical waveguide loss inside a waveguide will behave asymptotical at the cut off frequency as shown in Figure H.1 below.
	
[image: ]
Figure H.1: attenuation for an ideal waveguide
This is also confirmed by a practical measurement. As shown in Figure H.2 below, the measurement of a 21	0 cm long WR284/WG10 waveguide (with flanges) has produced an attenuation of at least 110 dB below the cut-off frequency. Since what is shown on the left side of Figure H.2 represents noise (thermal noise and the noise floor of the measurement instrument) the real attenuation below the cut-off frequency is greater than 110 dB. The following has to be pointed out:
1. An attenuation of 110 dB below PEP is already sufficient to fulfil the unwanted emission requirement specified in Table 15 of ERC 74-01 [2].

1. A radar system can have several meters of waveguide between the transmitter and the antenna resulting in a still higher attenuation of the emissions below the cut-off frequency.




[image: ]Exponential attenuation rise occurs at the cut-off frequency.
Below cut-off the measurement, represent only thermal noise and noise floor of the test instrument.

Figure H.2: Measured waveguide attenuation for a length of 210 cm
It can therefore be inferred that:
· A PSR radar using waveguide transmission lines to the antenna is not able to transmit any disturbances below the cut-off frequency and so cause harmful interference. The emissions below cut-off will be immeasurably low due to the strong attenuation of EM fields below the cut-off frequency.
· Any emissions below the cut-off frequency produced by the transmitter cannot be conducted to the test equipment, and so cannot even be measured. 



[bookmark: _Toc27115518][bookmark: _Toc40223721]Annex J (informative): Checklist
This annex provides in table J.1 a traceability of the technical parameters for article 3.2 of Directive 2014/53/EU [i.1] defined in ETSI EG 203 336 [i.5] with the technical requirements for conformance defined in clause 4 of the present document. If a technical parameter for article 3.2 of Directive 2014/53/EU [i.1] defined in ETSI EG 203 336 [i.5] has not been included in the present document, an explanation is provided. An explanation is also provided whenever a technical parameter defined in ETSI EG 203 336 [i.5] is covered by an alternative technical requirement. 
Some technical parameters defined in ETSI EG 203 336 [i.5] are applicable only to communication systems and not to non-cooperative radar systems such as ATC radar systems. Non-cooperative radar systems are different from radiocommunication systems since they do not communicate with a known target with known properties. They continually scan for unknown targets of any nature and do not adjust receiver or transmitter parameters according to what they detect.
Table J.1: Checklist
	Technical Parameters defined in EG 203 336 [i.5]
	Clauses of the present document
	Comments

	Transmitter Parameters

	Transmit power limits and accuracy
	4.2.1.2
	

	Transmitter Spectrum mask
	4.2.1.4
	

	Transmitter frequency stability
	4.2.1.1
	

	Transmitter Intermodulation attenuation
	na
	At the transceiver output an RF circulator is used as indicated in the Scope. This prevents an interfering signal entering from the antenna into the transmitter. 

	Unwanted emissions (OoB and spurious domains)
	4.2.1.4.1
4.2.1.4.2
4.2.1.4.3
4.2.1.4.4
	

	Transmitter  Time domain characteristics (e.g. e.g. the duty cycle, turn-on and turn-off, frequency hopping cycle, dynamic changes of
modulation scheme and others)
	na
	ATC radar systems are not able to share the occupied frequency band as commonly used with communication systems. Otherwise the reception of the echoes would not be possible if another system transmitted during its reception.

	Transmitter Transients
	4.2.1.4.2
4.2.1.4.3
	The presence of transients in time domain has its equivalent in the frequency domain which is covered by the unwanted emissions parameter in active mode.  

	Receiver Parameters

	Receiver sensitivity
	4.2.2.2
	The radar output power is not varied as a result of the received signal strength of a single target, which means that it does not affect the efficient use of the radio spectrum. Nevertheless an integral part of the receiver sensitivity is the noise figure. 

	Receiver co-channel rejection
	na
	ATC radar systems in the same location cannot operate on the same operating frequency, as it would not be possible to meet safety requirements

	

	Adjacent band/channel selectivity
	4.2.2.4
	ATC radar systems are not operating in a channelized frequency arrangement, but in accordance to national frequency plan taking into account geographical distances between all radars.  Therefore, the requirements for selectivity differ from scenarios with channelization. Adjacent band/channel selectivity for multiple signals is addressed by requiring a high compression level in the receiver  selectivity for single signals. 

	Receiver blocking
	4.2.2.3
	Receiver Blocking is addressed by requiring a high compression level in the receiver.

	Receiver spurious response rejection
	4.2.2.4
	This is covered by the selectivity test

	Receiver radio-frequency intermodulation
	na
	The intermodulation requirement is not meant for radars sharing the same band. This is due to their specific characteristics: rotating high directivity antennas, pulsed transmission schemes, gating of receiver, multi-frequency usage, digital processing, coding of signal emissions, not-co-siting, etc. then this is not considered to be an actual issues in modern radar receivers.

	Receiver unwanted emissions in the spurious domain
	4.2.1.4.3
4.3.1.4.4
	

	

	Receiver dynamic range
	4.2.2.2
4.2.2.3
	The lower end of the receiver dynamic range is addressed by the noise figure. The upper end is addressed by the receiver compression level. 

	Reciprocal mixing
	4.2.2.3
4.2.2.4
	Interference characteristics are specified in terms of selectivity and/or blocking requirements, thus removing the need for this parameter to be explicitly included, as the effects of receiver selectivity and reciprocal mixing cannot be separated.






[bookmark: _Toc40223722]Annex K (informative): Bibliography

[SM.329]	ITU-R Recommendation SM.329-12 (2012) "Unwanted emissions in the spurious domain"
[SM.1539]	ITU-R Recommendation SM.1539 Variation of the boundary between the out-of-band and spurious domains required for the application of Recommendations ITU-R SM.1541 and ITU-R SM.329
[ERM]	ETSI EG 201 399 "Electromagnetic compatibility and Radio spectrum Matters (ERM); A guide to the production of candidate Harmonized Standards for application under the RE Directive".


[bookmark: _Toc451534871][bookmark: _Toc40223723]Annex L (informative): Change history
	Document history

	V1.0.0
	December 2018
	Draft

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Frequency relative to the B-40 bandwidth
Frequency relatice to B-40 bandwidth	0.1	0.49990000000000001	0.5	2.2999999999999998	10	100	0	0	-40	-60	-60	-60	10	100	-60	-60	dBpp [dB]



ETSI
image2.emf
40 

dB

B

-40 dB

OoB domain OoB domain Spurious domain


Microsoft_Visio_2003-2010_Drawing.vsd
￼�

￼�

Ziehen Sie an den seitlichen Auswahlpunkten, um die Textblockbreite zu ändern.�


image3.emf



image4.emf
Power Input (dBm)

P

o

w

e

r

 

O

u

t

p

u

t

 

(

d

B

m

)

Ideal 

Response

Actual

Response

1 dB

1 dB compression 

point


Microsoft_Visio_2003-2010_Drawing1.vsd
Power Input (dBm)


Power Output (dBm)



image5.emf
40 

dB

B

-40 dB

60 

dB

Frequency

Output 

Level

In-band

 level

f

o

 + 2,3 x B

-40

f

o

�–�2,3 x B

-40


Microsoft_Visio_2003-2010_Drawing2.vsd
￼�

￼�

Ziehen Sie an den seitlichen Auswahlpunkten, um die Textblockbreite zu ändern.�


image6.wmf
r

t

t

B

´

=

-

6

.

7

40


oleObject1.bin

image7.png
dBpp

Frequency
>





image8.emf
dummy load

WG10 

waveguide

coupler

Fwd

Measurement 

Equipment

Transceiver

Equipment Under Test

Transceiver

RF port


Microsoft_Visio_2003-2010_Drawing3.vsd

image9.emf
 dummy load

WG10 

waveguide

wideband 

coupler

Fwd

Measurement 

Equipment

Transceiver

Equipment Under Test

Transceiver

RF port


Microsoft_Visio_2003-2010_Drawing4.vsd

image10.emf
Transceiver

IF

 Receiver

output

Receiver

Noise Figure 

Meter 

RF Front End

Equipment Under Test

Transmitter 

Transceiver

RF port

Noise 

Source

WG10

Coaxial

 transition

ON / OFF


Microsoft_Visio_2003-2010_Drawing5.vsd
Harmonic Filter


Transmitter 


IF
 Receiver
output


Receiver


Noise Figure Meter 


Equipment Under Test


RF Front End



image11.emf
IF 

receiver

output

Noise source

Auxiliary

Receiver

Noise Figure

Meter

RF Front End

Equipment Under Test

ON / OFF


Microsoft_Visio_Drawing.vsdx
IF 
receiver
output
Noise source
Auxiliary
Receiver
Noise Figure
Meter
RF Front End
Equipment Under Test
ON / OFF



image12.emf
Transceiver

WG10-

WG12 

transition

Digital 

receiver

output

Signal 

Generator

Receiver

Measurement 

Equipment

RF Front End

Equipment Under Test

WG14

Coaxial

 transition

WG12-

WG14 

transition

Transmitter 

Transceiver

RF port

WG12

Coaxial

 transition

WG10

Coaxial

 transition


Microsoft_Visio_2003-2010_Drawing6.vsd
Harmonic Filter


Transmitter 


WG10-WG12 
transition


Digital 
receiver
output


Signal Generator


�

Receiver


Measurement Equipment


Equipment Under Test


RF Front End



image13.emf
Digital 

receiver

output

Signal 

Generator

Auxiliary

Receiver

Measurement 

Equipment

RF Front End

Equipment Under Test


Microsoft_Visio_Drawing1.vsdx
Digital 
receiver
output
Signal Generator
Auxiliary
Receiver
Measurement Equipment
RF Front End
Equipment Under Test



image14.png
Loss (dB/m)

20
18
16
14
12
10

o N A~ O

Waveguide loss
(ideal, due to skin effect, pure copper)

1,5

2
Frequency (GHz)

2,5





image15.png
Tre1 E24] dBMag 20 dB/ Ref0dB  Calint

1

& M1 1454000 GHz -]14.22 dB
M2 2.077000 GHz -44.213 dB
-4 00000 GHz -.1436 dB
3
=0 —
|—-20-
|40 '%
| -80:
I -80:
[~ -100- Y
f-140 T “ H T
Chi fb Start 1GHz Pb 0dBm Stop 3 GHz

3/26/2020, 9:40 AM




image1.jpeg




