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Introduction
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. 
Current testing of EMC requirements as specified in current related standards such as TS 37.113 [1] (MSR BS) or TS 37.114 [2] (AAS BS) is increasingly complex and considers many test configurations, due to various possible RAT combinations.
In this contribution we want to present some considerations on the need for reduction of test configurations. 
Discussion
The goal of EMC testing is ensuring that any electronic or electrical device does not emit a large amount of electromagnetic interference (emissions) and that devices continue to function as intended in the presence of several electromagnetic phenomena (immunity). 
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EMC emissions testing covers both conducted and radiated emissions.  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. ETSI and 3GPP have agreed on following CISPR 32 [3] and CISPR 16 [4] standards for this purpose. Other emissions testing include harmonic and voltage fluctuations and flicker testing.
Observation 1: Conducted emission test methods and levels defined by IEC/CISPR are independent of the product (BS) characteristics and features, including the operating frequency or the Radio Access Technology (RAT).
Regarding EMC radiated emissions test, this 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 [3]. Testing and limits of emissions intentionally generated by the BS are covered by ITU-R recommendations SM.329 [5] and SM.1539 [6]. 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 [7], conforming to the test requirement in TS 38.141-2 [8]. On the other hand, other types of BS with antenna port make it possible to aisle the intentional emissions from the unintentional ones.
According to CISPR 32 [3] in section 6, the procedures to be used for measurement of emission levels depend upon several elements. These include but are not limited to:  the type of EUT,  the type of port, the types of cables used, the frequency range, and the mode of operation. Same standard defines mode of operation as the “set of operational states of all functions of an EUT during a test or measurement”. According to this definition the different RATs should be considered as different modes of operation.
CISPR 32 Annex B specifies the methods for exercising the EUT during emission measurements. Regarding MME (which typically have several different functions and numerous modes of operation associated with each function), CISPR indicates that “For each function, or group of functions selected to exercise the EUT, a number of representative modes of operation, including low power/standby mode, shall be considered for testing. The mode(s) that produce(s) the highest emissions shall be selected for the final measurements.” 
Observation 2: EUT/BS typically have several different functions and numerous modes of operation associated with each function. The mode(s) that produce(s) the highest emissions could be selected for the final measurements. 
Immunity Testing
As well as EMC emissions testing, immunity testing covers both conducted and radiated immunity. 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.
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.
Radiated immunity testing 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. ETSI EN 300 489-1 [9] defines that the test shall be in accordance with IEC 61000-4-3 [10]. Currently, the frequency range defined by IEC goes from 80 MHz to 6 GHz. 
The radiated immunity setup could be different according to the frequency operation; however, this principle does not apply for the RATs. In this case all RATs use the same setup in the chamber/shielding room. The different is the test bed which is set outside the chamber/shielding room for monitor different RATs performance.
The object of IEC 61000-4-3 [10] is to establish a common reference for evaluating the immunity of electrical and electronic equipment when subjected to radiated, radio-frequency electromagnetic fields. IEC remarks that IEC 61000-4-3 [10] is a basic EMC publication for use by product committees of the IEC. IEC Guide 107 [11] 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. 
Observation 3: Conducted immunity, ESD, EFT, Voltage dips, surges test methods and levels defined by IEC/CISPR are independent of the product (BS) characteristics and features, including the operating frequency or the Radio Access Technology (RAT). For Radiated Immunity testing the difference is in the test bed implementation outside of the chamber/shielding room used to monitor different RATs performance.
Considerations on 3GPP EMC testing for MSR BS
According to TS 37.113 [1], an MSR BS Base station is “characterized by the ability of its receiver and transmitter to process two or more carriers in common active RF components simultaneously in a declared RF bandwidth, where at least one carrier is of a different RAT than the other carrier(s).” Based on this definition, one characteristic of MSR is the use of common active RF components to process two or more carriers simultaneously.  
Observation 4: One characteristic of MSR is the use of common active RF component to process two or more carriers simultaneously.
Standards such as TS 37.113 [1] and TS 37.114 [2] define the BS test configurations that shall be used for demonstrating EMC conformance. These BS test configurations (TCs) are applied according to the declared RAT Capability Set (CS, CSA or RCSA) of the Base Station (MSR or AAS) and the Band Category of the declared operating band (i.e. BC1, BC2 or BC3). The TCs for MSR BS are defined in TS 37.141 [12], while the TCs for AAS BS are defined in TS 37.145-1 [13] and TS 37.145-2 [14]. As an example, TS 37.141[12] have defined 19 different capability sets (including 3 of single mode condition: WCDMA, LTE and NB-IoT standalone), which cover the possible RAT combinations available in a MSR BS. This makes it necessary to repeat several times testing procedures in order to cover all the possible combinations.
Observation 5: Current testing of EMC requirements as specified in standards such as TS 37.113 [1] (MSR BS) or TS 37.114 [2] (AAS BS) is increasingly complex and considers many test configurations, due to various possible RAT combinations.
Observation 6: As presented in the previous sections, EMC Testing (Conducted and Radiated, except for Radiated Emissions) is independent of the of the product (BS) characteristics and features, including the operating frequency or the Radio Access Technology (RAT). Therefore, this principle might be applied to simplify or reduce the test configurations/capability sets defined in the EMC standards for MSR BS (both AAS and non AAS BS).

Conclusion
In this contribution considerations on the EMC testing and the need for a simplification by reducing the number of capability sets have been presented. Based on our observations, we propose:
Proposal 1: Conducted emission and conducted immunity shall be tested only once irrespective of the RATs used by the BS.  3GPP RAN 4 should start working on the identification of alternatives to achieve this goal.
Proposal 2: To commit 3GPP RAN4 in reducing the test coverage over minimum amount of CS and test configurations considered for EMC testing of MSR BS (both AAS and no AAS BS).
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