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1 Introduction
Current testing of EMC requirements as specified in TS 37.113 [1] (MSR BS) and 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, and present an initial proposal on how to achieve the reduction of the test configurations.  
2 Discussion
3GPP standards situation
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).” 
Observation 1: One characteristic of MSR BS is the ability of receiver and transmitter to process two or more carriers in common active RF components 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 [3], and include 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.
As an example, CS19, which supports UTRA, E-UTRA and NR RATs requires for an EMC test to cover the following configurations: 
	Capability Set supported by the BS
	Supported RATs
	Supported configurations
	MR Configuration

	CS19
	UTRA, E-UTRA3, NR4
	SR UTRA (SC, MC)

SR E-UTRA3 (SC, MC, CA)

SR NR4 (SC, MC, CA)

MR UTRA + E-UTRA3

MR UTRA + NR4

MR E-UTRA3 + NR4

MR UTRA + E-UTRA3 + NR4
	WCDMA + LTE+ IoT (optional)
WCDMA + NR+ IoT (optional)
LTE + NR +  IoT (optional)
WCDMA + LTE+ NR+ IoT (optional)


Table 1. Summary of Capability Set 19 for MSR BS
A rough calculation of the testing time required for each combination would say that it takes aprox. 2 working weeks to test just one combination. If we extrapolate this value to calculate the requirement to run EMC testing for CS19 would result on 18 working weeks to complete the 9 combinations. 
Observation 2: Current testing of EMC requirements as specified in standards such as TS 37.113 [1] (MSR BS) is increasingly complex and considers many test configurations, due to various possible RAT combinations, which might lead to increasing testing costs.
Analysis of EMC Testing
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). 
2.1.1 [bookmark: _Hlk36740754]Emissions Testing
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 [4] standard for this purpose. Other emissions testing include harmonic and voltage fluctuations and flicker testing.
Observation 3: 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 [4]. 
[bookmark: _GoBack]According to CISPR 32 [4] 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 4: 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. 
2.1.2 Immunity Testing
As well as EMC emissions testing, immunity testing covers both conducted and radiated immunity. 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 [5] defines that the test shall be in accordance with IEC 61000-4-3 [6]. 
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.
Observation 5: 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.
The object of IEC 61000-4-3 [6] 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 [6] is a basic EMC publication for use by product committees of the IEC. IEC Guide 107 [7] 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 6: IEC provides a common reference for evaluating the immunity of electrical and electronic equipment. This common reference can be adapted/adjusted in terms of levels and performance criteria .
Proposal for EMC Test Configuration Reduction
In table 2 we present a summary of the different Capability Sets associated to the test configurations in TS 37.141 [3]. The table also shows a summary of the RAT combinations currently used for EMC testing.
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Table 2. Summary of Capability sets and Supported RATs combinations for MSR BS
In view of the observations presented in the previous sections, we consider a simplification in the EMC testing can be achieved by reducing the number of RAT combinations defined in some Capability Sets. As a result of this reduction, it will be possible also to reduce the number of Test Configurations considered for EMC testing in an MSR environment.
The guiding principles of our proposal consider that to test MSR the best pick is to create the “worst” case (from an EMC testing perspective) for emission and immunity tests. Currently the Capability Sets for MSR standard add a new combination when a new RATs comes in. Even though, this principle looks for an understandable follow up of technical developments, it might not be the more efficient way from an EMC testing perspective. 
The RATs technologies can be classified in two types: Narrow band and Wide band solutions. A simplification could consider this principle as a mechanism to achieve a test reduction. GSM is a RAT with a low ratio of immunity failure.  In addition, the test amplitude on receiver RX QUAL is -47 dBm (according to the standard). It can be stated that a very strong signal lead to very strong immunity, which does not represent the worst testing case. NB-IoT has narrow bandwidth but high amplitude (high power density) for emission. On the other hand, for the wideband category, WCDMA immunity is verified via RNC-sim measuring BER, BLER. This data is fault corrected in RNC-sim, which do not represent the worst-case scenario LTE is immunity verified with (the best) throughput UL/DL, which is sensitive to immunity and reacts very swift during immunity problems. It is very similar to NR. 
Observation 7: By grouping GSM and NB-IoT in the narrow band category and WCDMA and LTE in the Wide band category, we have a starting point to develop a RAT-agnostic analysis based on the aforementioned categorization.
As an example of the possibilities of this proposal in the following figures, we shared a Radiated Spurious emission results comparison between LTE+IoT+GSM+WCDMA (Figure 1) and a scenario where only LTE+IoT (Figure 2) RATs are tested. Test is applied to a dual BS operating in Bands 1 and 3.
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Figure 1. Radiated Spurious Emission result for dual band BS (LTE+IoT+GSM+WCDMA).
DL Downlink	B3: 1805 – 1880 MHz	B1: 2110 – 2170 MHz
Not defined ± 10 MHz on the downlink bands:	B3: 1795 – 1890 MHz	B1: 2100 – 2180 MHz

[image: ]
Figure 2. Radiated Spurious Emission result for dual band BS (LTE+IoT).
DL Downlink	B3: 1805 – 1880 MHz	B1: 2110 – 2170 MHz
Not defined ± 10 MHz on the downlink bands:	B3: 1795 – 1890 MHz	B1: 2100 – 2180 MHz

In the figures, it is possible to see that the spurious level is very similar. The final result for LTE+IOT+GSM+WCDMA LTE configuration is -60,19dBm while for LTE + IOT configuration is -59.92dBm. From a practical perspective there is no big difference in terms of the impact played by PA, baseband elements or DAC/ADC components. It is the RF chain the main contributor to EMC problems.
Considering both the testing results and the observations presented in this document, the EMC test simplification proposal is summarized in table 3.
	Capability Set
	CS1
	CS2
	CS3
	CS4
	CS5
	CS6
	CS7
	CS8
	CS9
	CS10
	CS11
	CS12
	CS13
	CS14
	CS15
	CS17
	CS16
	CS18
	CS19

	MR Configuration
	SR
	SR  
	WCDMA + LTE
	GSM + WCDMA
	GSM + LTE+Io (optional)
	GSM + WCDMA + LTE
GSM + WCDMA
GSM + LTE
WCDMA + LTE
	GSM + WCDMA
GSM + LTE+ IoT (optional)
LTE+ WCDMA + IoT (optional)
	SR   
	GSM + IoT
	WCDMA + IoT
	LTE + IoT
	GSM + WCDMA + IoT
GSM + IoT
WCDMA + IoT
	GSM + LTE + IoT
GSM + IoT
LTE + IoT
	WCDMA + LTE + IoT
WCDMA+ IoT
LTE + IoT
WCDMA + LTE
	GSM + WCDMA +IoT
GSM + LTE + IoT
 WCDMA + LTE + IoT
GSM + IoT
WCDMA + IoT
LTE + IoT
GSM + WCDMA
GSM + LTE
WCDMA + LTE
	LTE+ NR+ IoT 
LTE + IoT
NR + IoT
LTE+ NR+ IoT+IoT 
	LTE+ NR+ IoT (optional)
	GSM + LTE+ IoT (optional)
GSM + NR+ IoT (optional)
LTE + NR +  IoT (optional)
GSM + LTE+ NR+ IoT (optional)
	WCDMA + LTE+ IoT (optional)
WCDMA + NR+ IoT (optional)
LTE + NR +  IoT (optional)
WCDMA + LTE+ NR+ IoT (optional)

	Suggested RAT combinations
	WCDMA
	LTE
	WCDMA + LTE
	GSM + WCDMA
	LTE + IoT-IN/IG
	GSM + LTE
	LTE + IoT-IN/IG
	IoT-SA
	GSM + IoT-SA
	WCDMA + IoT-SA
	LTE + IoT-SA
	WCDMA + IoT-SA
	LTE + IoT-SA
	LTE + IoT-SA
	LTE + IoT-SA
	LTE+ NR+ IoT-SA
If support IoT standalone 
	LTE+ NR+ IoT-IG/IN
If support guard/inband IOT
	LTE+ NR+ IoT-IG/IN
	LTE+ NR+ IoT-IG/IN

	Optimization suggestions for CS/TC
	SR covered by MR
WCDMA covered by LTE
LTE tested in TC21/22
	SR covered by MR
LTE tested in TC21/22
	WCDMA covered by LTE
LTE tested in TC21/22
	GSM covered by IoT
WCDMA covered by LTE
IoT and LTE test in TC21/22 
	GSM covered by IoT
IoT and LTE tested in TC21/22
	GSM covered by IoT
IoT-IN/IG and LTE test in TC21
	GSM covered by IoT
IoT-IN/IG and LTE test in TC21
	SR covered by MR
IoT-SA test in TC22
	GSM covered by IoT
IoT-SA tested in TC22
	WCDMA covered by LTE
IoT-SA and LTE tested in TC22
	LTE + IoT-SA test in TC22
	GSM covered by IoT
WCDMA covered by LTE
IoT-SA and LTE tested in TC22
	GSM covered by IoT
LTE + IoT-SA  test in TC22
	WCDMA covered by LTE
IoT-SA and LTE tested in TC22
	GSM covered by IoT
WCDMA covered by LTE
IoT-SA and LTE tested in TC22
	TC22
	TC21
	GSM covered by IoT
 IoT-IG/IN and LTE tested in TC21
	WCDMA covered by LTE
 IoT-IG/IN and LTE tested in TC21

	Optimization suggestions
	Covered by TC21/22
	Covered by TC21/22
	Covered by TC21/22
	Covered by TC21/22
	Covered by TC21/22
	Covered by TC21/22
	Covered by TC21
	Covered by TC22
	Covered by TC22
	Covered by TC22
	Covered by TC22
	Covered by TC22
	Covered by TC22
	Covered by TC22
	Covered by TC 22
	Test
(Cover CS1,2,3,4,5,6,18,19)
	Test
(Cover CS1,2,3,4,5,6,7,8,9,10,11,12,13,14,15)
	Covered by TC21
	Covered by TC21


Table 3. Proposal for EMC Test Configuration Reduction
Applying the simplification in the RAT combinations considered for EMC testing, it is possible to reduce the consider Capability sets to CS17 and CS18, which corresponds to use TC21 and TC 22 for EMC testing. It worth to mention that these TCs (21 and 22) are already defined in TS 37.141 [3]. Therefore, our goal is to reach a simplification by using existing TCs and not creating a new TC. In addition, our proposal covers at least one wideband and one narrowband active RF chain. 
3 Conclusion
In this contribution a proposal on EMC Test Configuration reduction is presented. Based on our observations, we propose:
Proposal 1: To agree in using only TC 21 and 22 defined in TS 37.141 [3] for EMC testing of MSR BS as presented in this contribution. 
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Capability Set CS1 CS2 CS3 CS4 CS5 CS6 CS7

CS8 CS9 CS10 CS11 CS12 CS13 CS14 CS15 CS17

CS16 CS18 CS19

MR Configuration SR SR  

WCDMA + 

LTE

GSM + 

WCDMA

GSM + 

LTE+Io 

(optional)

GSM + 

WCDMA + 

LTE

GSM + 

WCDMA

GSM + LTE

WCDMA + 

LTE

GSM + 

WCDMA

GSM + LTE+ 

IoT (optional)

LTE+ 

WCDMA + 

IoT (optional)



SR    GSM + IoT

WCDMA + 

IoT

LTE + IoT

GSM + 

WCDMA + 

IoT

GSM + IoT

WCDMA + 

IoT

GSM + LTE + 

IoT

GSM + IoT

LTE + IoT

WCDMA + 

LTE + IoT

WCDMA+ IoT

LTE + IoT

WCDMA + 

LTE

GSM + 

WCDMA +IoT

GSM + LTE + 

IoT

 WCDMA + 

LTE + IoT

GSM + IoT

WCDMA + 

IoT

LTE + IoT

GSM + 

WCDMA

GSM + LTE

WCDMA + 

LTE



LTE+ NR+ 

IoT 

LTE + IoT

NR + IoT

LTE+ NR+ 

IoT+IoT 

LTE+ NR+ 

IoT (optional)

GSM + LTE+ 

IoT (optional)

GSM + NR+ 

IoT (optional)

LTE + NR +  

IoT (optional)

GSM + LTE+ 

NR+ IoT 

(optional)



WCDMA + 

LTE+ IoT 

(optional)

WCDMA + 

NR+ IoT 

(optional)

LTE + NR +  

IoT (optional)

WCDMA + 

LTE+ NR+ 

IoT (optional)

SR UTRA 

(SC, MC)



SR E-UTRA3 

(SC, MC, 

CA)



SR NR4 (SC, 

MC, CA)



MR UTRA + 

E-UTRA3



MR UTRA + 

NR4



MR E-UTRA3 

+ NR4



MR GSM + E 

UTRA + NB-

IoT 

standalone



SR GSM 

(MCBTS)



SR E-UTRA 

(SC, MC, 

CA)



SR NB-IoT 

standalone 

(SC, MC)



MR GSM +

NB-IoT 

standalone

MR UTRA + 

E-UTRA + 

NB-IoT 

standalone



SR UTRA 

(SC, MC)



SR E-UTRA 

(SC, MC, 

CA)



SR NB-IoT 

standalone 

(SC, MC)



MR UTRA +

NB-IoT 

standalone

MR GSM + 

UTRA2 + NB 

IoT 

standalone



MR GSM + E 

UTRA + NB-

IoT 

standalone



MR UTRA2 + 

E-UTRA + 

NB-IoT 

standalone



MR GSM +

NB-IoT 

standalone



MR E-UTRA3 

+ NR



SR NR

(SC, MC, 

CA)



SR E-UTRA3 

(SC, MC, 

CA)



SR NB-IoT 

standalone 

(SC, MC)



MR E-UTRA3 

+ NB-IoT 

standalone

MR E-UTRA3 

+ NR4



SR NR4 

(SC, MC, 

CA)



SR E-UTRA3 

(SC, MC, 

CA)

SR E-UTRA3 

(SC, MC, 

CA)



SR NR4 (SC, 

MC, CA)



MR GSM + E-

UTRA3



MR GSM + 

NR4



MR E-UTRA3 

+ NR4



MR GSM+ E-

UTRA3 + 

NR4

MR GSM + 

UTRA2



MR GSM + E-

UTRA3



MR E-UTRA3 

+ UTRA2



SR UTRA 

(SC, MC)2



SR E-UTRA3 

(SC, MC)

SR NB-IoT 

standalone 

(SC, MC)

MR GSM + 

NB-IoT 

standalone



SR GSM 

(MCBTS)



SR NB-IoT 

standalone 

(SC, MC)

MR UTRA +

NB-IoT 

standalone



SR UTRA 

(SC, MC)



SR NB-IoT 

standalone 

(SC, MC)

MR E-UTRA 

+ NB-IoT 

standalone



SR E-UTRA 

(SC, MC, 

CA)



SR NB-IoT 

standalone 

(SC, MC)

MR GSM + 

UTRA + NB 

IoT 

standalone



SR GSM 

(MCBTS)



SR UTRA 

(SC, MC)



SR NB-IoT 

standalone 

(SC, MC)



MR GSM +

NB-IoT 

standalone



NR4, E-

UTRA3

GSM, E-

UTRA3, NR4

UTRA, E-

UTRA3, NR4

Supported 

configurations

SR UTRA 

(SC, MC)

SR 

E-UTRA3 

(SC, MC, 

CA)

MR UTRA + 

E-UTRA3



SR UTRA 

(SC, MC)



SR E-UTRA3 

(SC, MC, 

CA)

MR GSM + 

UTRA



SR GSM 

(MCBTS)



SR UTRA 

(SC, MC)

MR GSM + E-

UTRA3



SR GSM 

(MCBTS)



SR E-UTRA3 

(SC, MC, 

CA)

MR GSM + 

UTRA + 

E-UTRA



MR GSM + 

UTRA



MR GSM + E-

UTRA



MR UTRA + 

E-UTRA



SR GSM 

(MCBTS)



SR UTRA 

(SC, MC)



UTRA, 

E-UTRA3

GSM, UTRA

GSM, E-

UTRA3

GSM, UTRA, 

E-UTRA

GSM, UTRA, 

E-UTRA3

NB-IoT 

standalone

GSM, E 

UTRA, 

NB-IoT 

UTRA, E 

UTRA,

NB-IoT 

GSM, UTRA, 

E-UTRA, 

NB-IoT 

NR6, E-

UTRA3, NB-

IoT 

GSM,

NB-IoT 

standalone

UTRA, 

NB-IoT 

standalone

E-UTRA, 

NB-IoT 

standalone

GSM, UTRA,

NB-IoT 

standalone

Supported RATs

UTRA

(MC)

E-UTRA

(MC)3
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