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Introduction
This contribution aims at providing elements to the discussion on the EMC discussion for 7-24 GHz frequency range. 
Discussion
EMC (ElectroMagnetic Compatibility) testing exists to ensure that electronic or electrical device does not emit a large amount of electromagnetic interference (radiated and conducted emissions) and that devices continue to function as intended in the presence of several electromagnetic phenomena (immunity). There is a concerted effort to standardize EMC testing requirements across the world, led primarily by the IEC (International Electrotechnical Commission). The IEC generate standards that can be transposed by countries into their local standards and in theory this standardizes the EMC requirements across all the regions that adopt IEC standards. While in Europe both emissions and immunity testing are mandated, countries such as US and Canada currently require emissions testing. 
Emission Testing
The goal of this test is measuring radiated and conducted emissions to verify that a product cannot cause harmful interference with other electrical or electronic equipment and communication networks.
2.1.1. Radiated Emissions Testing
EMC Radiated emissions testing involves measuring the electromagnetic field strength of the emissions that are unintentionally generated by a product (a BS in this case). Emissions are inherent to the switching voltages and currents within any digital circuit. In this case, the radiated emission requirements as well as the test methods that apply are defined by IEC and CISPR subcommittee in the Standard CISPR 32 [1]. Both ETSI and 3GPP have used IEC/CISPR standards in the definition of their test methods and levels. 
Testing and limits of emissions intentionally generated by the BS are covered by ITU-R recommendations SM.329 [2] and SM.1539 [3]. One of the methods of measurement of spurious domain emissions (Method 2) in SM 329 is described in CISPR 16 [4].
During measurements the Equipment Under Test (EUT) is rotated and antenna height is scanned to find the maximum Radiated Emission levels. To increase accuracy, the ground is covered with an electromagnetically reflective surface and this ground plane must be relatively flat. The distance between the antenna and the equipment under test (EUT) is typically 3m, 10m or 30m. However, for BS testing 3m and 30 m are the only considered distances. There are two primary types of test sites that are used for measuring radiated emissions: Open Area Test Site (OATS) and anechoic chamber. CISPR 32 also considers the use of reverberation chambers as alternative method, however CISPR recognizes that limits for reverberation chambers are still under evaluation and therefore the proposed limits can be changed in a future amendment to CISPR 32. The general considerations for measurements in a reverberation chamber are contained in IEC 61000-4-21 [5]. 
.
Observation 1: 3GPP has agreed that for BS type 1-O and BS type 2-O, the radiated emission is covered by radiated spurious emission requirement in TS 38.104 [6], conforming to the test requirement in TS 38.141-2 [7]. Same approach, based on the architecture and the existence of antenna ports should be followed in the new frequency range.
2.1.2. Conducted Emissions Testing
EMC Conducted Emission testing is performed to assess the electromagnetic energy levels versus frequency conducted by product cables (power lines, network cables, etc). Test labs measure these emissions (usually from 150 kHz - 30 MHz and verify that they comply with specified limits. Conducted emissions testing is usually performed on devices that connect to an AC power supply while some standards also define limits on devices that operate from a DC power supply. ETSI and 3GPP have agreed on following CISPR 32 and 16 standards for this purpose.
2.1.3. Other emissions Testing
Harmonic and voltage fluctuations and flicker testing are other type of emissions testing. These EMC tests are performed following the IEC 61000-3-2 [9] and IEC 61000-3-3 [10] standards respectively and apply to almost all types of electronic or electrical equipment that enter the EU.
Observation 2: Conducted emission test methods and levels defined by IEC/CISPR are independent of the product (BS) characteristics and features, including the operating frequency.
Immunity Testing
Immunity testing is carried out on devices, equipment, or systems to test performance degradation in the presence of an electromagnetic disturbance. Immunity testing involves subjecting the BS to electromagnetic phenomena. EMC immunity tests can measure the impact of continuous (usually modulated) and transient phenomena (short bursts). The continuous tests are applied the product over a period (minutes to hours). The transient phenomena may have come and gone in a matter of microseconds.
2.2.1. Radiated Immunity test
The theory behind the radiated immunity test is the device will encounter many different types of electric field disturbances in normal usage. This test is intended to see how well a device performs when it is subjected to an electric field of a specified amplitude (measured in volts/meter) across a range of frequencies. During the test a signal generator feeds a modulated sine wave to a broadband RF power amplifier. The output of the amplifier is connected to a transducer (an antenna), which turns the varying conducted voltage into a varying radiated electric field. The field is usually modulated at 80% with a 1 kHz sine wave. For some standards, the modulation frequency and depth are different. ETSI EN 300 489-1 [11] defines that the test shall be in accordance with IEC 61000-4-3 [12]. Currently, the frequency range defined by IEC goes from 80 MHz to 6 GHz. Same standard affirms that the frequencies or frequency ranges to be selected for testing by product committees may be limited to those where intentional RF emitting devices actually operate. On the other hand, both 3GPP and ETSI have considered a set of exclusion bands over which no test of radiated immunity is made.
Observation 3: Current frequency range defined by IEC only considers FR1.
The object of IEC 61000-4-3 [12] is to establish a common reference for evaluating the immunity of electrical and electronic equipment when subjected to radiated, radio-frequency electromagnetic fields. The test method documented in this part of IEC 61000 describes a consistent method to assess the immunity of an equipment or system against a defined phenomenon. IEC remarks that IEC 61000-4-3 [12] is a basic EMC publication for use by product committees of the IEC. IEC also states that the IEC product committees are responsible for determining whether this immunity test standard should be applied or not, and if applied, they are responsible for determining the appropriate test levels and performance criteria. IEC and its sub-committees are prepared to co-operate with product committees in the evaluation of the value of immunity tests for their products. 
Observation 4: IEC and its sub-committees are prepared to co-operate with product committees in the evaluation of the value of immunity tests for their products.
2.2.2. Conducted Immunity (RF Common mode)
Conducted immunity testing is used to simulate the normal voltage and current environment of external power and signal cables. When cables are bundled together they can have both capacitive and inductive coupling. This test simulates adjacent cabling by injecting a common mode disturbance into the cabling using a transducer. Conducted immunity testing is used to simulate the normal voltage and current environment of external power and signal cables. According to ETSI EN 300 489-1 [11] and 3GPP TS 38.113 [8], the test method and levels shall be in accordance with IEC 61000-4-6 [13]. 
2.2.3. Electrostatic Discharge (ESD)
This test assesses the ability of electronic equipment to withstand ESD generated from a human body or metal objects with a built up static charge.  Both test method and levels are defined in IEC 61000-4-2 [14] and incorporated by ETSI and 3GPP in their EMC standards for BS. The standard assumes that the source is an electrified human body discharge, and testing simulates the current waveform generated in those conditions.
2.2.4. Electrical Fast Transient (EFT)
This test assesses the ability of electronic equipment to resist ESD generated from a human body or metal objects with a built up static charge.  Both test method and levels are defined in IEC 61000-4-4 [15] and incorporated by ETSI and 3GPP in their EMC standards for BS. The standard assumes that the source is an electrified human body discharge, and testing simulates the current waveform generated in those conditions.
2.2.5. Voltage Dips
This EMC test simulates voltage dips and short brownouts on AC or DC power supplies, ensuring that the equipment functions properly with power supply fluctuations. In this case, ETSI and 3GPP rely on IEC 61000-4-11 [16] to set the test method and levels.
2.2.6. Surges
The surge immunity test is designed to simulate low frequency power surges. Surge is usually applied to AC (or DC) power input ports, but in some standards, it is also to be applied to signal ports. Standard follow by ETSI and 3GPP to define test method and levels is IEC 61000-4-5 [17].
Observation 5: Conducted immunity, ESD, EFT, Voltage dips and surges test methods and levels defined by IEC/CISPR are independent of the product (BS) characteristics and features, including the operating frequency.
Observation 6: For both emission and immunity ETSI and 3GPP rely on CISPR and IEC standards to define the test methods and levels in the TS and harmonized standards.

Conclusion
In this contribution considerations on the EMC conformance tests 7-24 GHz frequency range have been presented. Based on our observations, we propose:
Proposal 1: To reuse EMC requirements defined in NR BS specification TS 38.113 in the frequency range 7-24 GHz.

References
[bookmark: _Hlk489447754][bookmark: _GoBack]
CISPR 32. Electromagnetic compatibility of multimedia equipment - Emission requirements
Recommendation ITU-R SM.329-12: "Unwanted emissions in the spurious domain 
Recommendation ITU-R SM.1539-1: "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"
CISPR 16. Specification for radio disturbance and immunity measuring apparatus and methods.
IEC 61000-4-21. Electromagnetic compatibility (EMC) - Part 4-21: Testing and measurement techniques - Reverberation chamber test methods.
3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception".
3GPP TS 38.141-2: "NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing"
3GPP TS 38.113. “Base Station (BS) ElectroMagnetic Compatibility (EMC)”
IEC 61000-3-2: "Electromagnetic compatibility (EMC) - Part 3: Limits - Section 2: Limits for harmonic current emissions (equipment input current ≤ 16 A)"
IEC 61000-3-3: "Electromagnetic compatibility (EMC) - Part 3: Limits - Section 3: Limitation of voltage fluctuations and flicker in low-voltage supply systems for equipment with rated current ≤ 16 A"
ETSI EN 301 489-1, ElectroMagnetic Compatibility (EMC) standard for radio equipment and services; Part 1: Common technical  requirements; Harmonised Standard covering the essential requirements of article 3.1(b) of Directive 2014/53/EU and the essential requirements of article 6 of Directive 2014/30/EU.
IEC 61000-4-3: "Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 3: Radiated, radio-frequency electromagnetic field immunity test"
IEC 61000-4-6: "Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 6: Immunity to contacted disturbances, induced by radio frequency fields"
IEC 61000-4-2: "Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 2: Electrostatic discharge immunity test"
IEC 61000-4-4: "Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 4: Electrical fast transient/burst immunity test"
IEC 61000-4-11: "Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 11: Voltage dips, short interruptions and voltage variations. Immunity tests".
IEC 61000-4-5: "Electromagnetic compatibility (EMC) - Part 4: Testing and measurement techniques - Section 5: Surge immunity test"

