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Introduction
In RAN4 meeting #84, it has been discussed what should the scope of the EMC specification. This technical discussion is still ongoing among the interested companies. In RAN4 NR#3, a way forward on EMC was approved. However, this technical discussion is still ongoing among interested companies. In this contribution, we give some further on the EMC regulatory requirements on immunity. 
Discussion
Discussion on current regulatory approach in Europe and United States
EMC is defined as the ability of equipment to function satisfactorily in its electromagnetic environment without introducing intolerable disturbances to anything in that environment. EMC requirements concern two basic concepts: emissions and immunity or susceptibility.
In Europe, the Electromagnetic Compatibility (EMC) Directive 2014/30/EU [1] ensures that electrical and electronic equipment does not generate, or is not affected by, electromagnetic disturbance. The EMC Directive limits electromagnetic emissions from equipment in order to ensure that, when used as intended, such equipment does not disturb radio and telecommunication, as well as other equipment. The Directive also governs the immunity of such equipment to interference and seeks to ensure that this equipment is not disturbed by radio emissions, when used as intended. The harmonized standard ETSI EN 301 489-1 [2] covers the essential requirements of article 3.1(b) of Directive 2014/53/EU [3] and article 6 of Directive 2014/30/EU [1] for radio equipment and associated ancillary equipment, excluding broadcast receivers, in respect of ElectroMagnetic Compatibility (EMC). ETSI EN 301 489-1 [2] specifies the applicable EMC tests, the methods of measurement, the limits and the performance criteria for radio equipment and associated ancillary equipment, together with the relevant radio technology part. With respect to BS with integral antenna, ETSI proposes EN 301 489-50 [4], which specifies technical characteristics and methods of measurements for digital cellular base station equipment, repeaters and associated ancillary equipment. European EMC standards are becoming harmonized, due to the fact that many EN standards are based on IEC and/or CISPR standards. For example, IEC 61000-4-3 [5] provides the basis on the radiated, radio-frequency, electromagnetic field immunity tests.
On the other hand, in the US the EMC compliance is regulated by the Federal Communications Commission (FCC) under Title 47 of the Code of Federal Regulations (47CFR). Part 15 of these regulations covers specific rules for radio frequency devices, including intentional transmitters (mobile phones) and non-intentional radiators (PCs and TV receivers). Part 18 of regulations covers Industrial Scientific Medical (ISM) equipment, but only those that specifically designed to generate and use radio frequency energy, similar to Group 2 equipment outlined in CISPR 11, EMC requirements for ISM equipment (EN55011 for European Union certification). There are no official requirements in the US for testing the immunity of the equipment to interference. The FCC requirements only relate to radiated and conducted emissions. There are no immunity limits, which are associated with European EMC Certification.



Immunity applicability
ETSI EN 301 489-1 [2], table 2 contains the applicability of EMC immunity measurements to the relevant ports of radio and/or associated ancillary equipment. These requirements cover the essential requirements defined in article 3.1(b) of Directive 2014/53/EU. This point is considered in TS 37.113 [6] and presented in Table 7.2-1. 
Table 7.2-1: Immunity applicability
	
Phenomenon
	
Application
	Equipment test requirement
	Reference
subclause in the present document
	Reference
Standard

	
	
	BS equipment 
	Ancillary equipment 
	
	

	RF electromagnetic field (80 - 2700 MHz)
	Enclosure
	applicable
	applicable
	9.2
	IEC 61000‑4‑3 [23]

	Electrostatic discharge
	Enclosure
	applicable
	applicable
	9.3
	IEC 61000‑4‑2 [24]

	Fast transients common mode
	Signal, telecommunications and control ports, DC and AC power input ports
	applicable
	applicable
	9.4
	IEC 61000‑4‑4 [25]

	RF common mode
0,15 - 80 MHz
	Signal, telecommunications and control ports, DC and AC power input ports
	applicable
	applicable
	9.5
	IEC 61000‑4‑6 [26]

	Voltage dips and interruptions
	AC mains power input ports
	applicable
	applicable
	9.6
	IEC 61000‑4‑11 [27]

	Surges, common and differential mode
	 AC power input ports and telecommunications port
	applicable
	applicable
	9.7
	IEC 61000‑4‑5 [28]





1.1.1 Immunity applicability
The following special conditions set out in table 7 relate to the immunity test configurations set out in ETSI EN 301 489-1 [2], clause 9.
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Immunity Tests according to ETSI EN 301 489-1 
1.1.2  Test configuration
Regarding the test configuration, ETSI EN 301 489-1 defines the following aspects: 
· the tests shall be made in the mode(s) of operation specified in clause 4 in the relevant part of the ETSI
EN 301 489 series dealing with the particular type of radio equipment;
· the tests shall be carried out at a point within the specified normal operating environmental range and at the
rated supply voltage for the equipment;
· if the equipment is part of a system, or can be connected to ancillary equipment, then it shall be acceptable to
test the equipment connected to the minimum representative configuration of ancillary equipment necessary to exercise the ports;
· where radio equipment is provided with an integral antenna, it shall be tested with the antenna fitted in a
manner typical of normal intended use, unless declared as a removable antenna;
for the immunity tests of ancillary equipment, without a separate pass/fail criteria, the receiver or transmitter
· coupled to the ancillary equipment, shall be used to judge whether the ancillary equipment passes or fails;
· if the equipment has a large number of ports, then a sufficient number shall be selected to simulate actual
operational conditions and to ensure that all the different types of termination are covered;
· ports, which in normal operation are connected, shall be connected to an ancillary equipment or to a
representative piece of cable terminated to simulate the impedance of the ancillary equipment. RF input/output
ports shall be correctly terminated;
· ports which are not connected to cables during normal intended operation, e.g. service connectors,
programming connectors, temporary connectors etc. shall not be connected to any cables for the purpose of
EMC testing. Where cables have to be connected to these ports, or interconnecting cables have to be extended
in length in order to exercise the Equipment Under Test (EUT), precautions shall be taken to ensure that the
evaluation of the EUT is not affected by the addition or extension of these cables;
· the configuration and mode of operation during the tests shall be precisely noted in the test report.
1.1.3 Radio frequency electromagnetic field (80 MHz to 6 000 MHz)
This test assesses the ability of the EUT to operate as intended in the presence of a radio frequency electromagnetic
field disturbance. The following requirements and evaluation of test results shall apply:
· the test level shall be 3 V/m (measured unmodulated). The test signal shall be amplitude modulated to a depth of 80 % by a sinusoidal audio signal of 1 000 Hz. If the wanted signal is modulated at 1 000 Hz, then an audio signal of 400 Hz shall be used;
· the test shall be performed over the frequency range 80 MHz to 6 000 MHz with the exception of the exclusion band for transmitters, receivers and duplex transceivers (see clause 4), as appropriate;
· for receivers and transmitters the stepped frequency increments shall be 1 % frequency increment of the
· momentary used frequency, unless specified otherwise in the relevant part of ETSI EN 301 489 series;
· the dwell time of the test phenomena at each frequency shall not be less than the time necessary for the EUT to be exercised and to be able to respond;

1.1.4 Electrostatic discharge
This test assesses the ability of the EUT to operate as intended in the event of an electrostatic discharge. The test method shall be in accordance with CENELEC EN 61000-4-2, clause 8. For radio equipment and ancillary equipment the following requirements and evaluation of test results shall apply. The test severity level for contact discharge shall be ±4 kV and for air discharge ±8 kV. All other details, including intermediate test levels, are contained within CENELEC EN 61000-4-2, clause 5.

Electrostatic discharges shall be applied to all exposed surfaces of the EUT except where the user documentation specifically indicates a requirement for appropriate protective measures (see CENELEC EN 61000-4-2, clauses 8.3.2 and 8.3.3).

1.1.5 Fast transients, common mode
This test assesses the ability of the EUT to operate as intended in the event of fast transients present on one of the input/output ports. Applicable - on the AC mains power port (if any) of radio equipment and ancillary equipment if the cables > 3 m
 - on DC power ports ,
 - on signal ports, telecommunication ports, control ports,

· The test method shall be in accordance with CENELEC EN 61000-4-4, clauses 7 and 8. The following requirements and evaluation of test results shall apply:
· the test level for signal ports, wired network ports (excluding xDSL), and control ports shall be 0,5 kV open
· circuit voltage at a repetition rate of 5 kHz as given in CENELEC EN 61000-4-4, clause 5;
· the test level for xDSL wired network ports shall be 0,5 kV open circuit voltage at a repetition rate of 100 kHz
as given in CENELEC EN 61000-4-4, clause 5;
· the test level for DC power input ports shall be 0,5 kV open circuit voltage at a repetition rate of 5 kHz as
· given CENELEC EN 61000-4-4, clause 5;
· the test level for AC mains power input ports shall be 1 kV open circuit voltage at a repetition rate of 5 kHz as given CENELEC EN 61000-4-4, clause 5.

1.1.6 Radio frequency, common mode
This test assesses the ability of the EUT to operate as intended in the presence of a radio frequency disturbance on the
input/output ports.  Applicable - on the AC mains power port (if any) of radio equipment and ancillary equipment if the cables > 3 m 
 - on DC power ports ,
 - on signal ports, telecommunication ports, control ports,

The test method shall be in accordance with CENELEC EN 61000-4-6, clause 8. The following requirements and evaluation of test results shall apply:
· the test level shall be severity level 2 as given in CENELEC EN 61000-4-6 , clause 5 corresponding to 3 V rms unmodulated. The test signal shall then be amplitude modulated to a depth of 80 % by a sinusoidal audio signal of 1 000 Hz. If the wanted signal is modulated at 1 000 Hz, then the test signal of 400 Hz shall be used;
· the test shall be performed over the frequency range 150 kHz to 80 MHz with the exception of an exclusion band for transmitters, and for receivers and duplex transceivers;
· for receivers and transmitters the stepped frequency increments shall be 1 % frequency increment of the momentary frequency in the frequency range 150 kHz to 80 MHz, unless specified otherwise in the part of ETSI EN 301 489 series dealing with the particular type of radio equipment; 
· the injection method to be used shall be selected according to the basic standard CENELEC EN 61000-4-6, clause 7;
· responses on receivers or receiver parts of transceivers occurring at discrete frequencies which are narrow band responses (spurious responses), are disregarded from the test (see clause 4);
· the dwell time of the test phenomena at each frequency shall not be less than the time necessary for the EUT to be exercised and to be able to respond;
· the frequencies of the immunity test signal selected and used during the test shall be recorded in the test report.

1.1.7 Voltage dips and interruptions
These tests assess the ability of the EUT to operate as intended in the event of voltage dips and interruptions present on the AC mains power input ports. This test shall be performed on the AC mains power port (if any) of radio equipment and associated ancillary equipment.

The test method shall be in accordance with CENELEC EN 61000-4-11, clause 8 or for equipment requiring a mains current of greater than 16 A CENELEC EN 61000-4-34, clause 8 shall be used. The test levels shall be:
· voltage dip: 0 % residual voltage for 0,5 cycle;
· voltage dip: 0 % residual voltage for 1 cycle;
· voltage dip: 70 % residual voltage for 25 cycles (at 50 Hz);
· voltage interruption: 0 % residual voltage for 250 cycles (at 50 Hz).
1.1.8 Surges
These tests assess the ability of the EUT to operate as intended in the event of surges present on the AC mains power
input ports and wired network ports. This test shall be performed on the AC mains power input port (if any) of radio equipment and associated ancillary equipment. This test shall be additionally performed on wired network ports (see clause 3.1), if any. The test method shall be in accordance with CENELEC EN 61000-4-5, clause 8.

1.1.8.1 Test method for wired network ports directly connected to outdoor cables

The test level for symmetrically operated, wired network ports, intended to be directly connected to wired network ports via outdoor cables, shall be 1 kV (applied lines to ground) as given in CENELEC EN 61000-4-5, clause 5. The test generator shall provide the 10/700 μs pulse as defined in CENELEC EN 61000-4-5, clause 6.2.

The test level for non-symmetrically operated wired network ports, intended to be directly connected to wired network
ports via outdoor cables, shall be 1 kV (applied line to ground, or shield to ground) and 0,5 kV (applied line to line) as given in CENELEC EN 61000-4-5, clause 5. The test generator shall provide the 1,2/50 μs pulse as defined in CENELEC EN 61000-4-5, clause 6.1. The total output impedance of the surge generator shall be in accordance with the basic standard CENELEC EN 61000-4-5, clauses 6.1 and 6.2.

1.1.8.2 Test method for wired network ports connected to indoor cables

The test level for wired network ports, intended to be connected to indoor cables (longer than 30 m) shall be 0,5 kV
(applied line to ground, or shield to ground). In this case the total output impedance of the surge generator shall be in
accordance with the basic standard CENELEC EN 61000-4-5, clause 5. The test generator shall provide the 1,2/50 μs pulse as defined in CENELEC EN 61000-4-5, clause 6.1.

1.1.8.3 Test method for mains ports

The test level for AC mains power input ports shall be 2 kV line to ground, and 1 kV line to line, with the output
impedance of the surge generator as given in CENELEC EN 61000-4-5, clause 5. In telecom centres 1 kV line to ground and 0,5 kV line to line shall be used. The test generator shall provide the 1,2/50 μs pulse as defined in CENELEC EN 61000-4-5, clause 6.1.

Conclusion
[bookmark: _GoBack]In this contribution we present a summary of the most relevant requirements on immunity levels for EMC. The goal is to highlight the importance of these requirements and set the scene for a discussion immunity consideration for for eAAS and NR EMC evaluation. 
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