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1. Introduction
Frequency upper limit for NR BS spurious emission was discussed during last few RAN4 meetings. In RAN4#84 meeting WF with agreements related to core requirements and performance requirements was agreed [1]. 
In this contribution, we discuss and propose upper frequency limit for NR BS spurious emission for conformance test specification. 
2. Discussion
Way Forward [1] on upper limit for spurious emission for NR BS type 2-O was agreed with following details:
For TS 38.104 core specification:

 - Upper limit of frequency range of spurious emission for NR Bands above 24 GHz is specified as 2nd harmonics of the upper frequency edge of the DL operating band in GHz as shown in table:
	Spurious frequency range
	Maximum level
	Measurement Bandwidth
	Note

	30MHz ‑ 1GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – 2nd harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz
	Note 1, Note 2

	NOTE 1:
Bandwidth as in ITU-R SM.329 [2], s4.1.
NOTE 2:
Upper frequency as in ITU-R SM.329 [2], s2.5 table 1. 


For TS 38.141 conformance specification:

 - Upper limit of frequency range of spurious emission for NR Bands above 24 GHz is specified as 2nd harmonic of the upper frequency edge of the DL operating band, but is limited to [TBD GHz] as shown in table:
	Spurious frequency range
	Maximum level
	Measurement Bandwidth
	Note

	30MHz ‑ 1GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – min(2nd harmonic of the upper frequency edge of the DL operating band in GHz;[TBD GHz])
	
	1 MHz
	Note 1, 2

	NOTE 1:
Bandwidth as in ITU-R SM.329 [2] , s4.1.
NOTE 2:
Upper frequency as in ITU-R SM.329 [2] , s2.5 table 1. 


In our contribution [2] we provided studies to find out the OTA test system limitations for NR BS spurious emissions requirement and testing, thus some OTA measurements and simulations were done for 28 GHz fundamental frequency which can be found in [2]. 

2.1 OTA configuration for spurious emission tests

In this section, we describe the following OTA configuration for spurious emission testing.
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Figure 1. NR BS Spurious Emission OTA measurement setup for 3m - below 40 GHz
For the spurious frequency range from 30 MHz to 40 GHz the OTA measurement setup (figure 1.) consist on:

· Measurement antenna (several for different operating frequencies)

· Band rejection filter of -40 dBc of out-band rejection after the measurement antenna

· 5m of low-loss coaxial cable as a transmission line up to 40 GHz

· Precision spectrum analyser
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Figure 2. NR BS Spurious Emission OTA measurement setup for 3m - over 40 GHz

For the spurious frequency range from 40 GHz to 100 GHz the OTA measurement setup (figure 2.) consist on:

· Measurement antenna (several for different operating frequencies)

· Band rejection filter of -40 dBc of out-band rejection after the measurement antenna

· Frequency mixer for down-converting the >40 GHz signals to lower IF

· Low Noise Amplifier (LNA) for compensating the conversion losses of the IF mixer

· 5m of low-loss coaxial cable as a transmission line

· Precision spectrum analyser
The reason for frequency down conversion is the fact that the coaxial cable insertion losses will rapidly increase in function of frequency. The 40 GHz frequency limit is shown to be the most practical in laboratory use, since the attenuation is relatively moderate (~2.2 dB/m). Using waveguides instead of coaxial cabling as a transmission line is an another potential option but the waveguides are in practice more limited in robustness. The following calculations does not take into account the using of the waveguides in OTA setup.
The simulated calculations are based on typical performance values based on the information that has been either simulated, measured or calculated by using equations that are commonly used (for example equation for the FSPL).

The simulated calculations consist on several input variables (summarized in Table 1), whereas the output results will be monitored with several different views.
Table 1. Input variables for simulated calculations
	The Monitored Spurious Emission Frequencies
	30 MHz, 100 MHz, 1 GHz, 10GHz, 20 GHz, 56 GHz, 86 GHz, 100 GHz

	OTA Test distance [m]
	3m (fixed, as proposed earlier in many RAN4 contributions)

	NR BS Power Amplifier (PA) output power performance [dBc]
	+28 dBm in the operating band and -25 dBc of ACLR throughout the monitored spurious frequency domain

	NR BS Front end filtering performance [dBc]
	out-of-band rejection from -90 to – 33 dBc

	Antenna array maximum 3D gain response [dBi]
	-57 to +28 dBi

	Free Space Path Losses [dB]
	FSPL(dB)=20log10(R)+20log10(f)-27.55, where

R = distance in meters and, f= frequency in MHz

	Measurement antenna gain [dBi]
	Varies against the measurement antenna type chosen (Monopole, LPDA or Horn)

	Band rejection filter performance [dBc]
	-40 dB of in-band rejection

	IF Mixer down-conversion losses [dB]
	from 28 dB to 42 dB

	Intermediate frequency after down-conversion [MHz]
	650 MHz to 1300 MHz

	Coaxial cable losses [dB]
	for 5m cable typically -0.3 to -8.7 dB (below 40 GHz)

	Low Noise Amplifier Gain [dB]
	20 to 30 dB

	Low Noise Amplifier Noise-Factor [dB]
	below 3 dB (lower than NF of the receiver – the spectrum analyzer)

	The Typical Noise Floor of the Spectrum Analyzer [dBm]
	As in table 2


The typical measured values are valid for the coaxial cable losses and for the typical noise floor of the spectrum analyser. The typical high-end spectrum analyser noise floor with the resolution bandwidths defines in the table 2, gives us a base line for the OTA measurement system dynamics.
Table 2. The typical high-end spectrum analyzer noise floor
	Native OTA Noise Floor + Rx LNA Noise Factor {> 40 GHz @ IF + Rx IF LNA}
	Frequency [MHz]
	RBW [MHz]
	Noise Floor [dBm]

	
	30
	0.1
	-104

	
	100
	0.1
	-106

	
	1000
	1
	-94

	
	10000
	1
	-93

	
	20000
	1
	-90.5

	
	28000
	1
	-88

	
	56000
	1
	-93.4

	
	84000
	1
	-91

	
	100000
	1
	-87.5


The measurement antenna gain values were taken from the specifications of typical well know industrial component used in OTA EMC and Antenna testing. Typical antenna gain response for 16x16 antenna array with 0.5 lambda antenna element spacing are simulated values. The antenna gain values are maximum 3D gain values where the co-pol and x-pol powers are combined. Typical 3D gain contour we can see in the following figure 3,4 and 5.
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Figure 3. Typical 3D radiation pattern on 16x16 antenna array @ 28 GHz {Combined total gain}
As we can see, the antenna gain is concentrated to the boresight direction (az: 0deg; ele: 0deg) and sidelobes are following nicely when moving off from the boresight. 
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Figure 4. Typical 3D radiation pattern of 16x16 antenna array @1.0Ghz {Combined total gain}
As for the figure 4, the radiation pattern will become omni-directional where the power is spreaded all over the surrounding sphere. This phenomenon indicates that for low frequency spurious domain basically one or few measurement points are required.
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Figure 5. Typical 3D radiation pattern of 16x16 antenna array @ 84Ghz {Combined total gain}
For the figure 5, the 3rd harmonic frequency of the 16x16 GHz antenna array produces several power centric points around the 3D sphere. This phenomenon indicates that finding the maximum peak in harmonic spurious domain will be enough adopting pre-scanning procedure before the absolute level measurement procedure.
2.2 Output variables
The outputs of the simulation calculation are the expected power levels measurable by the inputs listed in the beginning. These outputs are:

· Received power level (in function of frequency)

· Native OTA noise floor level when LNA noise factor is included (in function of frequency)

· OTA system offset factor – this is the correction that is required to be added to the measured received power level in order to “move” the measurement point from the measurement receiver to the antenna array aperture, which is the actual spurious domain point.
· 10 dB of measurement margin – this margin is relevant to take into account especially when lower power signals are measured close to the non-coherent noise-like signals (like OTA system noise floor)
Looking at the input and outputs, it is obvious that in this simulation calculations several factors have been taken into account in realistic manner which will emphasise the final results.  
2.3 Results
The following figure 6 explains the results.


[image: image6]
Figure 6. The received power level in spurious emission frequency domain. The wanted 28GHz band excluded from the chart.
In sub-harmonic frequencies, the drastic gain degradation of the antenna together with the additional power rejection by the front-end filters of the NR BS causes the signals to disappear below the OTA system native noise floor level, even with the required offset compensation factor. The signals arising at harmonic domain are distinguishable by the OTA system receiver but the margin is minimal when going higher in frequency in spurious domain. Only the 2nd harmonic signal is above the required 10 dB margin with 12dB SNR. The next harmonic domain frequencies will again disappear below the OTA system noise floor. This mainly because of the extensive OTA losses from the DUT to the measurement receiver.
Observation 1. The signals arising at harmonic domain are distinguishable by the OTA system receiver but the margin is minimal when going higher in frequency in spurious domain. Only the 2nd harmonic signal is above the required 10 dB margin with 12dB SNR.
This can be optimized by choosing carefully the measurement components in the OTA system. But nevertheless - by experience from the heart, there is not much room left. Also, the other active components like frequency down-converting mixer can by itself produce some additional non-linear signals that cannot be 100% controlled in optimum way. Filtering the active component non-linearity results from the DUT non-linearity results will be another challenge.
Observation 2. The other active components like frequency down-converting mixer can by itself produce some additional non-linear signals that cannot be 100% controlled in optimum way. Filtering the active component non-linearity results from the DUT non-linearity results will be another challenge.
On top of that we need to consider that these simulation results are based on maximum 3D gain results. If applying the TRP method - which is the integral of the power over the spherical surface (aka averaging), This will decrease the presented values even lower, since the radiated efficiency of the typical antenna array in harmonic frequencies are -2 to -4 dB. This leads to the conclusion that the spurious emissions is practical to conduct only to the 2nd harmonic frequency and maximum of 60 GHz.
Observation 3. If applying the TRP method - which is the integral of the power over the spherical surface (aka averaging), This will decrease the presented values even lower, since the radiated efficiency of the typical antenna array in harmonic frequencies are -2 to -4 dB.
Observation 4. The spurious emission is practical to conduct only to the 2nd harmonic frequency and maximum of 60 GHz.
The OTA spurious tests will be time consuming since for different spurious frequency bands, several measurement antennas must be used. From 30MHz to 1GHz at least two different type of measurement antennas can be used efficiently where the other will be monopole and the other log-periodic dipole antenna. From 1 GHz to 100 GHz at least three wide-bandwidth horn antennas can be used. This leads that several measurement antennas must be used to cover the spurious domain requirements properly.
Observation 5. Several measurement antennas must be used to cover the spurious domain requirements properly.
3. Conclusion

In this contribution, we discussed OTA spurious emission measurements. We have made following observations: 

Observation 1. The signals arising at harmonic domain are distinguishable by the OTA system receiver but the margin is minimal when going higher in frequency in spurious domain. Only the 2nd harmonic signal is above the required 10 dB margin with 12dB SNR.
Observation 2. The other active components like frequency down-converting mixer can by itself produce some additional non-linear signals that cannot be 100% controlled in optimum way. Filtering the active component non-linearity results from the DUT non-linearity results will be another challenge.
Observation 3. If applying the TRP method - which is the integral of the power over the spherical surface (aka averaging), This will decrease the presented values even lower, since the radiated efficiency of the typical antenna array in harmonic frequencies are -2 to -4 dB.
Observation 4. The spurious emission is practical to conduct only to the 2nd harmonic frequency and maximum of 60 GHz.
Observation 5. Several measurement antennas must be used to cover the spurious domain requirements properly.
Based on our findings, in this contribution, we are proposing an upper frequency limit for conformance test for NR BS spurious emission.  

Proposal: To limit upper frequency range for NR BS BS type 2-O for conformance test specification to 60 GHz: min(2nd harmonic of the upper frequency edge of the DL operating band in GHz; 60 GHz).
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