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1. Introduction

RAN4 has defined a requirement to measure radiated emissions in a range of 9 kHz to the 2nd harmonic of the intentional frequency in terms of total radiated power (“TRP”), radiated emissions measurements below 30 MHz for transmitters, and receiver spurious emissions that are challenging for measurement systems.  This contribution proposes to change TRP requirement to EIRP for frequencies below 12.75 GHz, remove the radiated emissions requirement for frequencies below 30 MHz in transmit mode, and revisit the radiated receiver spurious emissions limit.
2. Discussion
38.101-2 Spurious Emission Limit Definition
As shown in Table 6.5.3.1-2 from in 38.101-2 V1.0.0 and the introduction in section 6.5.3, spurious emissions measurement with a total radiated power (“TRP”) are defined for frequencies 9 kHz to the 2nd harmonic of the UL operating band.

From 38.101-2 V1.0.0 Section 6.5.4:

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. The spurious emission limits are specified in terms of general requirements in line with SM.329 [7] and NR operating band requirement to address UE co-existence. Spurious emissions are measured as TRP.
38.101-2 V1.0.0 Table 6.5.3.1-2: Spurious emissions limits (Transmitter)
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz  f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz  f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz  f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 2nd  harmonic of the upper frequency edge of the UL operating band in GHz
	-13 dBm
	1 MHz
	


From 38.101-2 V1.0.0 Section 7.9:

The spurious emissions power is the power of emissions generated or amplified in a receiver. The spurious emissions power level is measured as TRP.
38.101-2 V1.0.0  Table 7.9.1-1: General receiver spurious emission requirements

	Frequency band
	Measurement

bandwidth
	Maximum level
	NOTE

	30MHz ( f < 1GHz
	[100 kHz]
	[-57 dBm]
	1

	1GHz ( f ( 2nd harmonic of the upper frequency edge of the DL operating band in GHz
	[1 MHz]
	[-47 dBm]
	

	NOTE 1:
Unused PDCCH resources are padded with resource element groups with power level given by PDCCH_RA/RB as defined in [Annex C.3.1].


TRP Measurement Applicability for Spurious Emissions
TRP measurements are meaningful for frequencies where beamform occurs and legacy 3GPP emissions limits must be offset to account for array gain.  TRP measurements for lower frequencies below the mmWave UL, however, become less meaningful for two primary reasons:

1) Radiated emissions measurement uncertainty increases at lower frequencies

2) FR2 millimeter antenna arrays are not efficient radiators at lower frequencies so any detected emissions at lower frequency ranges are often sourced from “cabinet radiation” rather than “antenna port” sources
Radiated spurious emissions are often measured in chambers that provide a 3 meter or greater separation distance between the measurement antenna and equipment under test (EUT).  These chambers are carefully designed and utilize both RF absorber and ferrite materials to address reflections and resonances in the chambers at lower frequencies.  Related to the chamber characteristics, the measurement uncertain for radiated emissions at lower frequencies relative to higher frequencies.  For example, the radiated emissions measurement uncertainty from the standard ETSI EN 301 908-1 [5] and 3GPP 36.124 [2], used for UMTS and LTE radiated emissions, is +/-6dB for the range of 30-180 MHz versus +/3dB 180 MHz to 12.75 GHz.  A TRP measurement thus becomes less meaningful as the measurement uncertainty accumulates with the large number of measurement points required.
Observation 1: Measurement uncertainties increase for radiated emissions at lower frequencies making TRP measurements of questionable value in 38.101-2

Radiated emissions sourced from circuits other than the antenna, such as cables, shields, PWB traces and components, are referenced as “cabinet” radiation and are evaluated in terms of EIRP or electric field strength limits in both industry and regulatory requirements.  For millimetre wave, radiated measurements are being specified since conducted RF port measurements are not feasible.  
The radiated measurements thus include both antenna and cabinet radiation sources.  The wavelength at frequencies below 12.75 GHz is 2.4cm whereas the array elements in a UE are likely much smaller than thus it would be expected that the antenna itself would not be an efficient radiator.  Taking these factors into consideration, radiated emissions from the UE would be dominated by “cabinet” source radiation vs. antenna sourced.
Observation 2: Emissions below 12.75 GHz are not expected to beamform with array gain levels observed at the UL frequencies
Therefore, it would be appropriate to measure radiated emissions on frequencies less than 12.75 GHz using an EIRP metric instead of TRP.
Proposal 1: Change spurious emissions from TRP to EIRP in the frequency range 30 MHz to 12.75 GHz for both transmitter and receiver spurious emissions requirements
Transmitter Measurements Below 30 MHz
The 38.101 section 6.5.3 spurious emission transmitter frequency measurement range requirement is consistent with spurious emissions requirements defined for conducted RF port measurements in many industry and regulatory standards such as ITU-R SM329-1, 3GPP 36.101 and 3GPP 25.101.

These standards all have the common characteristic that the spurious emissions are defined for conducted RF measurements where a RF test port is typically readily available for measurements.  Radiated emissions requirements below 30 MHz are not specifically defined in any of these previously mention standards.

For regulatory and EMC requirements of WWAN devices, frequencies below 30 MHz are usually evaluated with respect to AC/DC port conducted emissions in standards such as EN 301 489-1 in Europe, 47CFR Part 15 Subpart B in the United States, or 3GPP 36.124.  For these EMC test cases, conducted measurements are generally applied from 9kHz to 30 MHz (power line and I/O) as a practical matter given the challenges with measurement radiated emissions below 30MHz (i.e. large chambers and absorbers to minimize reflections).  

When required, measurements of radiated emissions at frequencies below 30 MHz utilize alternate test equipment to measure magnetic fields or electric field.  These measurements are typically completed in measurement ranges that provide at least a 3-meter separation distance between the measurement antennas and equipment under test.  

Ultimately radiated emissions are the parameter of interest to regulators to control interference to out of band services.  At frequencies below 30 MHz, the wavelength is large (λ=10m @ 30 MHz) so radiated emissions are sourced from a UE are low as the small UE is not an efficient radiator and thus a low risk interference threat to out of band radio services.  Additionally, conducted spurious emissions are meant to identified emissions sourced from the transmitter output rather than “cabinet” radiation from other radiation points of the device as discussed earlier in this document. 
Observation 3: FR2 devices are not efficient radiators below 30 MHz and radiated measurements below 30 MHz are uncommon
Proposal 2: Remove radiated emissions measurement requirements 9kHz to 30 MHz

It should also be noted that the 38.101-2 receiver spurious emissions requirements do not include frequencies less than 30 MHz.

Given the low risk of emissions and knowledge that the UE will completed radiated emissions if required for a regulatory requirement, transmitter radiated emissions below 30 MHz are not required in 38.101-2.
3. Receiver Spurious Emission Limit Discussion
38.101 section 7.9 defines radiated receiver spurious emissions requirements.

The limits below 1GHz are consistent with long established regulatory radiated emissions limits.  It should be noted that as discussed earlier in this contribution, the radiated measurement will include cabinet radiated emissions contributions and therefor non-RF transceiver emissions may be observed.  For example, unintentional radiation from application processes, memory circuits, power switching supplies, and external UE power supplies may contribute to a large amount of emission frequencies that require investigation.   For this reason, it should be recommended that frequencies with some level of margin do require EIRP maximization or TRP evaluation.
Observation 4: Cabinet radiation will potentially result in a large number of frequencies to investigate below 1 GHz for receiver spurious emissions

Although the limit above 1 GHz is consistent with some regulatory limits such as EN 301 908-1, the frequency range extending above 12.75 GHz is a concern with respect to the ability for labs to measure radiated emissions below the amplitude of -47 dBm EIRP (or TRP as currently defined).

Proposal 3: Advise RAN4 to include a measurement procedure to reduce investigation of low level receiver spurious emissions that are not close to the limit

At frequencies above 12.75 GHz, the dynamic range of the measurement system becomes a limiting factor and it is not clear that this level of protection for interference is required at these higher frequencies.  

Observation 5: Measurements against a -47dBm limit at frequencies above 12.75 GHz is difficult.

Proposal 4: RAN4 measurement uncertainty group study a feasible receiver spurious emissions limit that is larger than -47dBm/MHz.

4. Conclusions

We discussed challengies with recent requirements on spurious requirements and made following observations:

Observation 1: Measurement uncertainties increase for radiated emissions at lower frequencies making TRP measurements of questionable value in 38.101-2

Observation 2: Emissions below 12.75 GHz are not expected to beamform with array gain levels observed at the UL frequencies
Observation 3: FR2 devices are not efficient radiators below 30 MHz and radiated measurements below 30 MHz are uncommon
Observation 4: Cabinet radiation will potentially result in a large number of frequencies to investigate below 1 GHz for receiver spurious emissions

Observation 5: Measurements against a -47dBm limit at frequencies above 12.75 GHz is difficult.

And those observations resulted in to following four proposals

Proposal 1: Change spurious emissions from TRP to EIRP in the frequency range 30 MHz to 12.75 GHz for both transmitter and receiver spurious emissions requirements
Proposal 2: Remove radiated emissions measurement requirements 9kHz to 30 MHz

Proposal 3: Advise RAN4 to include a measurement procedure to reduce investigation of low level receiver spurious emissions that are not close to the limit

Proposal 4: RAN4 measurement uncertainty group study a feasible receiver spurious emissions limit that is larger than -47dBm/MHz.
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