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1	Introduction
WF on BS RF requirements for NR was approved in [1]. For spurious emissions it was agreed as follows:

· Apply 30 MHz (for above 6 GHz) as the lower frequency limit for the spurious emissions requirements, as recommended in SM.329
· For below 6GHz as a conducted and OTA, lower limit is FFS
· Adopt 1MHz resolution bandwidth for defining the mask
· For 2nd harmonic as upper limit of frequency range for measurements of OTA spurious emissions for NR bands above 13GHz
· Further studies are needed before concluding on how high in frequency it would be reasonable to test and set the requirements
· Whether TRP or EIRP metric follows eAAS decision

Spurious emissions were discussed in [2]. Boundary between spurious and OOB domain was discussed in [3].

This contribution continue discussion on Spurious emissions for NR BS.

2	Discussion
In order to study the test system impact we did some preliminary simulations in [2]. This contribution continues studies to find out the OTA test system limitations for NR BS spurious emissions requirement and testing. 
We did some measurements and simulations with 28 GHz fundamental frequency. Basic simulated OTA measurement setup is shown in Figure 1.
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Figure 1: Simulated OTA measurement setup

Measurement antennas are frequency limited so different antennas per frequency ranges were used to get accurate gain values for harmonic frequencies. To detect fundamental frequency 28 GHz the High Pass Filter (HPF) was used without mixer assuming -40 dB in-band rejection. No down conversion to IF frequency is needed with fundamental frequency 28 GHz. For measuring harmonic frequencies, the different HPFs and mixers were used for down conversion to 20 GHz. This was done to be able to use good enough coaxial cables in test setup and measure harmonics in far-filed with reasonable distance.
Assuming 9cm x 9cm antenna elements with 16x16 antenna array, the far-field distance is 4.9 m @100 GHz. Far field distance will be higher when antenna array size increases. Depending on frequency, antenna size and test chamber size some measurement may need to be done in far field, some in near field. In practice this will increase the test complexity. Simulated OTA measurement setup with assumed power, gain and loss values is shown in Figure 2 for fundamental frequency 28 GHz.
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Figure 2: Simulated OTA measurement setup for fundamental frequency 28 GHz (f1)
Simulated OTA measurement setup with assumed power, gain and loss values for 3rd harmonics and frequencies up to 100 GHz is shown in Figure 3. In these cases (and for 2nd harmonic) the frequency down converters to 20 GHz were used.
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Figure 3: Simulated OTA measurement setup for 84 GHz (f3) and 100 GHz

OTA system offset in Figures consist of free space path losses, gains of measurement antennas, filter losses, down conversion losses and cable losses. While the frequency increases, the losses increase accordingly and more gain is required from measurement antennas. Considering all OTA system offset values between DUT antenna and measurement equipment we get around 110 dB losses for fundamental frequency 28 GHz (including -40 dB in-band rejection). 79 dB for 2nd harmonic (56 GHz) and 79 dB for 3rd harmonic (84 GHz).
Next we compared the simulations with measurements of good quality wideband receiver. In Figure 4:
· Yellow curve is typical test equipment OTA noise floor with 1MHz BW and RMS detector, without OTA system offset. The noise floor with harmonic frequencies is assuming IF frequency around 20 GHz 
· Grey curve is received power level without OTA system offset
· Orange curve considers the noise floor and OTA system offset value. It shows the level that can be considered measurable by the described test system. Levels below this level cannot be measured by the limited test system dynamic range
· Red curve is adding 10 dB test system uncertainty in addition to orange curve. In practice the OTA measurements should be done in test system dynamic range well above noise floor
· Blue curve is received power level including all equipments within OTA system offset.
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Figure 4: Detectable OTA power levels for 56 GHz (f2) and 84 GHz (f3)
In Figure 4 the red curve shows the level that can be considered measurable by the described test system. Levels below this level cannot be measured by the limited test system dynamic range. Looking the blue curve, we see the 1st harmonic (56 GHz) is detectable but only with 6 dB margin. The 2nd harmonic (84 GHz) cannot be measured any longer as measurement level will drop below the noise floor. In this studied case for 28 GHz carrier frequency, the highest barely measurable frequency is around 70 GHz. 
It can be seen that spurious emission levels below 0 dBm cannot be measured OTA with reasonable effort, even without considering test system uncertainties. ITU Cat A / FCC -13 dBm and Cat B -30 dBm emissions limits and are far below the measurable level. Measuring harmonic frequencies would also mean complicated and time consuming test setups considering near-field vs. far-field and separate test system equipments for different frequency ranges. 
Our studies show that going up to 2nd harmonic in whole NR spectrum is not viable as spurious emissions cannot be tested anymore. Going for higher fundamental frequencies than 28 GHz the situation will be even more challenging.  Further studies are needed before concluding on requirement level and how high in frequency it would be reasonable to test and set the requirements for the spurious emissions. In practice also reasonable test system uncertainties should be considered.
3	Conclusions

Based on findings in this contribution we have the following proposal 
Proposal 1: Specify spurious emissions frequency range for the NR BS > 6GHz as follows:

Table 1 Spurious emissions frequency range for NR BS >6 GHz
	Fundamental 
frequency range
	Frequency range for measurements

	
	Lower limit
	Upper limit
(The test should include the entire harmonic
band and not be truncated at the precise
upper frequency limit stated)

	6 GHz-13 GHz
	30 MHz
	26 GHz

	13 GHz-[FFS] GHz
	30 MHz
	2nd harmonic



Observation 1: RAN4 should study further the following options 
· Option 1: Limit the upper frequency below 100 GHz in the core specification. Value is FFS.
· Option 2: If the core requirement need to go up to 100 GHz, limit the upper frequency below 100 GHz in the test specification. Value is FFS.

Observation 2: RAN4 should study further the realistic requirement levels. Reasonable test system complexity and uncertainties need to be considered while setting the requirements. 
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