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1	Introduction
WF on BS RF requirements for NR was approved in [1]. Spurious emissions was discussed in [2]. Boundary between spurious and OOB domain is discussed further in accompanying contribution [3].

In this contribution we discuss further on how to specify spurious emissions for NR BS.


2	Discussion
For BS spurious emissions the following was agreed in [1]:
· Both Category A and Category B emission limits should be defined for NR bands above 6GHz
· 2nd harmonic should be considered as upper limit of frequency range for measurements of spurious emissions for NR bands above 13GHz
· 26GHz should be considered as upper limit of frequency range for measurements of spurious emissions for NR bands between 6GHz and 13GHz

Further investigations was recommended in the following areas:
· How to define OTA requirements, and whether to define the conductive requirements for NR bands below 6GHz is FFS
· Above 6GHz also to be considered
· TRP or EIRP metric is an open issue


2.2	Spurious emissions
Spurious emissions testing is time consuming. It is also well known that measuring OTA requirements in higher frequencies is a challenging task. Test equipment dynamic range can be assumed as limiting factor on how high in frequency certain power levels can be measured. 
The general spurious emissions requirements and the corresponding reference bandwidths are taken from ITU-R recommendation SM.329 ‎[5] and specified for the BS in UTRA and LTE. RAN4#80bis agreed to define both Category A and Category B emission limits for NR bands above 6GHz. Category A limits are the attenuation values used to calculate maximum permitted spurious domain emission power levels. Category B limits are an example of more stringent spurious domain emission limits than Category A limits. They are based on limits defined and adopted in Europe and used by some other countries.
In ITU-R SM.329 [5], the recommended upper limits are shown in Table 1. 



Table 1: Frequency range for measurement of unwanted emissions [5]
	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)

	9 kHz-100 MHz
	9 kHz
	1 GHz

	100 MHz-300 MHz
	9 kHz
	10th harmonic

	300 MHz-600 MHz
	30 MHz
	3 GHz

	600 MHz-5.2 GHz
	30 MHz
	5th harmonic

	5.2 GHz-13 GHz
	30 MHz
	26 GHz

	13 GHz-150 GHz
	30 MHz
	2nd harmonic

	150 GHz-300 GHz
	30 MHz
	300 GHz



It can be seen that lower range for measurements is 30 MHz in spectrum between 6 GHz and 100 GHz. Upper limit 26 GHz is considered for spectrum between 6GHz and 13GHz. From measurement point of view the critical limit to look at is 2nd harmonic for spectrum above 6 GHz. Measuring up to 200 GHz would increase test time and cost. On the other hand it may not provide sufficient information if the outcome is limited by test system dynamics.
In order to study the test system impact we did some preliminary simulations. Typical antenna gain values were assumed. Band filters were not assumed as BS may not have band filters implemented in higher frequencies. Cable losses were assumed to be 0 for simplicity. Polarization mismatch losses were not assumed. Typical OTA test system noise floor with 1 kHz resolution bandwidth and RMS-detector was assumed to be -110 dBm. In practice also reasonable test system uncertainties should be considered.
Figure 1 shows the received power levels for some typical frequencies (28 GHz and 39 GHz) considered for NR above 6 GHz. Fx1 stands for the fundamental frequency. Fx2,…Fxn are frequency multipliers for fundamental frequency.
Received power levels were calculated based on the far-field conditions where a plane wave is assumed. In practice the far field distance depends on the antenna size and the fundamental operating frequency. For simplicity the frequency multiplier numbers in the figure are “treated” as they have plane wave conditions in far-field. OTA path loss components were added to the noise floor. Those were calculated for each considered frequency points at antenna far field. 
“Spur masks” in figure 1 are shown for both single antenna element and antenna array with 1 kHz and 1 MHz measurement bandwidths. Latter one is typically used and suggested e.g. by FCC [6]. Received power levels above “spur mask” limits can be considered measurable by the described test system. Levels below “spur mask” cannot be measured by the limited test system dynamic range. It can be seen that separate antenna elements are possible to measure while challenges are visible with whole antenna array. Measurement limit at 28 GHz and 39 GHz fundamental frequency fx1 is around -20 dBm with 1 kHz MBW. Corresponding limit is 10 dB with 1 MHz MBW. Considering higher harmonics the observation are shown in table 2. Trend is that higher the frequency, more challenging to measure the power levels. 
Table 2: Received power vs. measurement limit
	Carrier frequency
	Frequency multiplier
	Received power
	Measurement limit with 1MHz MBW
	Margin

	28 GHz
	fx2 = 56 GHz
	18 dBm
	14 dBm
	4 dB

	28 GHz
	fx3 = 84 GHz
	9 dBm
	17 dBm
	-8 dB

	39 GHz
	fx2 = 78 GHz
	12 dBm
	14 dBm
	-2 dB

	39 GHz
	fx3 = 117 GHz
	9  dBm
	18 dBm
	-9 dB
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Figure 1: Received OTA power levels

Considering the 2nd harmonic frequencies the results shows 
· 4 dB margin for 28 GHz
· -2 dB margin for 39 GHz

It can be seen that 2nd harmonic of 28 GHz is barely measurable anymore with these settings. Issue to keep in mind is that results do not assumes band filters. Also the noise floor is set without test system uncertainties. In practice the OTA measurements should be done in test system dynamic range well above noise floor. Assuming practical test system uncertainties the measurement limits will be lower. In addition, if BS is using band filters these levels will drop even further and antenna array received power would drop below the test system noise floor.
Our preliminary studies shows that going up to 2nd harmonic in whole NR spectrum is not viable as spurious emissions cannot be tested anymore. Further studies are needed before concluding on how high in frequency it would be reasonable to test and set the requirements for the spurious emissions.
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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



Proposal 2: Specify spurious emissions requirements for the NR BS > 6GHz as follows:

Table 1: BS Spurious emission limits, Category A
	Frequency range
	Maximum level
	Measurement Bandwidth
	Note

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

	1 GHz – [FFS] GHz
	
	1 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [5] , s4.1
NOTE 2:	Bandwidth as in ITU-R SM.329 [5] , s4.1. 
NOTE 3:   Upper frequency limited by reasonable test system dynamic range 



Table 2: BS Spurious emissions limits, Category B
	Frequency range
	Maximum Level
	Measurement Bandwidth
	Note

	30MHz ‑ 1GHz
	-36 dBm
	100 kHz
	Note 1

	1 GHz – [FFS] GHz
	-30 dBm
	1 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [5] , s4.1
NOTE 2:	Bandwidth as in ITU-R SM.329 [5] , s4.1. 
NORE 3:   Upper frequency limited by reasonable test system dynamic range
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