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1.
Introduction
 At the last RAN4 NR AH-1801, following proposal was agreed in RAN4 [1].

Proposal 4: RAN4 measurement uncertainty group study a feasible receiver spurious emissions limit that is larger than -47dBm/MHz.
 In this contribution we share a result of estimation on SNR of RF requirements and a testability issue due to low PSD (Power Spectrum Density).


2.
Estimated SNR for low PSD test cases
The measurable power level from the DUT depends on the SNR. SNR here means the ratio of signal level to be measured and the noise floor of the measurement system (total noise from measurement antenna to the internal noise level inside the SA). In general, SNR is required to be high enough, for example much higher than 20 dB, so that the measured result is not impacted by the noise floor of the test system.
Here, we estimated the SNR for following low PSD test cases.

· OFF Power

· Minimum Output Power
· Tx Spurious

· Rx Spurious

· Max Output Power(just for information)

SNR is calculated as follows.

SNR = <Measured Signal Level [dB_Hz]>  -  <Free Space Loss[dB]> + <Meas.Antenna Gain[dB]> - ( -174 dBm_Hz + <Overall NF[dB]> )

Test system parameters specified in Table 1 are assumed for the calculation.
Table 1 Assumed test system parameters
	Meas. Antenna Gain
	12
	dB

	Overall Noise Figure
	7
	dB



Overall NF is the compound NF of each component (amplifier, frequency converter, amp, SA, etc…) between measurement antenna and SA. Here we assume a LNA is used at the very close to the measurement antenna and the overall noise figure is smaller than the typical SA NF ( Ref: Friis formulas ). If no LNA is used, the SNR will be worse by approximately 10~20 dB.
3 types of measurement distance are assumed:
· FF5  :  Measurement by Far Field distance 2D^2/,  D=5 cm.
· C100  : Constant measurement distance of 1 m regardless of frequency.
· C50  : Constant measurement distance of 50 cm regardless of frequency.
Figure 1 shows the measurement distance vs frequency. RNF5 and RNF15 are radiative near field distance ( 0.62* sqrt(D^3/) for D=5 cm and D=15 cm respectively, and specified for the purpose of comparison. For every case , 3* is adopted if 3* is larger.
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Figure 1 Measurement Distance
The measured signal level is assumed as the requirement level of the tests and summarized in the Table 2. For Spurious test, only f >= 1 GHz is calculated. For OFF Power, Min Power, Max Power Test, BW=400MHz is adopted as the worst (most stringent) case.
Table 2 Signal Levels
	OFF Power
	-35 dBm/400 MHz

	Min. Output Power
	-13 dBm/400 MHz

	Tx Spurious
	1 GHz <= f <= 12.75 GHz:  -30 dBm/1 MHz

12.75 GHz <= f : -13 dBm/1 MHz

	Rx Spurious
	1 GHz <= f : -47 dBm/1 MHz

	Max Output Power
(For reference)
	23 dBm/400 MHz


Following figures show the SNR for the concerning test cases.
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Figure 2 SNR for Spurious Tests
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Figure 3 SNR for OFF/Min/Max Power Test
Ideally, SNR >= 20 dB is desired so that the impact from noise is avoided in the measurement result. At worst, SNR around 7~8 dB would be desired. We have to say SNR < 0 dB case would be impossible to measure.
Observation 1 : For Tx spurious test it seems good SNR can be ensured for measurment.

Observation 2 : For Rx spurious test it seems SNR is enough only around the low frequencies (like 20 GHz and below) and not enough for most of the higher frequency(around f>=40 GHz). C50 would manage to test in the higher frequency (it is in radiative NF reigion for D=5 cm, reactive NF for D=15 cm) but not with ideal SNR. If we ensure to measure Rx Spurious, at least 10 dB relaxation for higher frequency is required.
Observation 3 : For Minimum Power Test, it would be testable but not with ideal SNR(depends on the setup)
Observation 4 : For OFF Power Test, the SNR is too low to be measured. (Especially for higher FR2 (like 39  GHz) ) If the Off Power test is necessary, we expect that a relaxation of the requirement such as the level of minimum output power – 10 dB at the lowest or higher is required. [2][3]


3.
Conclusion
In this paper, we analyse the SNR for low PSD test cases and give following observations. 

Observation 1 : For Tx spurious test it seems good SNR can be ensured for measurment.

Observation 2 : For Rx spurious test it seems SNR is enough only around the low frequencies (like 20 GHz and below) and not enough for most of the higher frequency(around f>=40 GHz). C50 would manage to test in the higher frequency (it is in radiative NF reigion for D=5 cm, reactive NF for D=15 cm) but not with ideal SNR. If we ensure to measure Rx Spurious, at least 10 dB relaxation for higher frequency is required.
Observation 3 : For Minimum Power Test, it would be testable but not with ideal SNR(depends on the setup)

Observation 4 : For OFF Power Test, the SNR is too low to be measured. (Especially for higher FR2 (like 39 GHz) ) If the Off Power test is necessary, we expect that a relaxation of the requirement such as the level of minimum output power – 10 dB at the lowest or higher is required. [2][3]
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