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1	Introduction
At the RAN4 #84 meeting, we presented a simple procedure for measuring spurious emissions of mmWave NR base stations [1]. The procedure has been revised according to the comments received during online and offline discussion. In addition, the procedure has been refined in view of reducing TRP measurement time. 

In [2], we have quantitatively shown that the TRP measurement duration of spurious emissions is in the order of months, which is attributed to a very wide range of spurious frequencies, the number of TRP measurement points and the measurement bandwidth.     

 
2 Discussion
[bookmark: _MON_1248174552][bookmark: _MON_1249227490][bookmark: _MON_1282989596][bookmark: _MON_1282992763][bookmark: _MON_1283666811][bookmark: _MON_1290505886][bookmark: _MON_1248002274]The measurement procedure for measuring spurious emissions of NR BS operating in frequency range 2 consists of the following steps:
Initial steps:
1. Evaluate the NR BS (i.e., DUT) and determine all radiating beamforming configurations supported with the specified downlink operating frequency, channel bandwidth, and power levels.

2. Identify the number of beams supported for a given channel bandwidth and their EIRP levels.

3. Configure all the BS transmitters to operate at maximum power such that the BS antenna array radiates maximum power on a single distinct beam exercising all or a maximum number of array elements.

4. If the DUT cannot be configured as described in Step 3, but it can only be configured to radiate several beams, then configure the DUT to radiate several beams at maximum transmit power.

5. It will be advantageous to use low pass, high pass or band pass filters. Notching the BS transmit carrier frequency may be necessary for identifying and measuring low amplitude signals to avoid overloading of the analyser or measuring instrumentation.

6. Measurements oth polarizations of the measurement antenna.

7. Spurious emissions measurements are made from 30 MHz to the 2nd harmonic of the upper frequency edge of the downlink operating band and use a measurement bandwidth in accordance to the conditions in TS 38.104 (see Table 1). The operating band plus a guard band on either side of the band edge is excluded from the measurement. For the given measurement bandwidth, for the calculation of the number of spurious frequencies that need to be measured.  
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Table 1: NR BS radiated Tx spurious emission limits in frequency range 2 (from TS 38.104)
	Frequency range
	Limit
	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
	
	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.


 
8. Position the measurement antenna in a test chamber at the minimum far field distance  from the DUT, where  is the largest dimension of the BS antenna array and  is the wavelength of the spurious frequencies in the measurement. If the measurement antenna cannot be placed in the far field region due to the physical constraints of the test chamber then other methods should be considered. The considered methods are FFS. 

Pre-scan steps:
9. Pre-scan the entire range of the spurious frequencies by rotating the DUT through 360° while observing on a spectrum analyzer. Pre-scan details are FFS. For spurious frequencies with absolute emission levels corresponding to the noise floor, no further measurements are needed. The purpose of this pre-scan step is to eliminate the need to perform time-consuming TRP measurements on spurious frequencies with no useful emissions and to identify a list of spurious frequencies with significant emissions for further measurements in Step 10. 

10. For each of the spurious frequencies identified in Step 9 and if the far field condition in Step 8 is fulfilled, the direction of the maximum emissions should be determined manually (or with an articulated antenna positioner) and the peak EIRP should be measured. 

a. If the peak EIRP per spurious frequency ≤ [-13 dBm] (spurious emissions limit in Table 1) then 
              the spurious frequency under measurement is compliant and no further measurements are needed.  

b. If the direction of maximum emissions cannot be found or the peak EIRP does not meet the above criterion (9.a) then go to Step 11. 
  					
TRP measurement steps:
11. For each of the remaining spurious frequencies, calculate TRP level by using a suitable sampling grid. There are a number of grids which can be used, each with its pros and cons. A comparison of the different TRP sampling grids in terms of measurement uncertainty and duration is FFS. The most basic one is the full-sphere uniform grid. Using this grid, the TRP is approximately given as follows: 

						(1)
where N and M are the number of points in the azimuth and elevation directions, respectively, which in turn determined by the grid resolution (see Annex A.2 in [2] for more details). N and M are defined as

  and 										(2)
		where  = FFS and  = FFS. The total number of measurement points over the whole sphere is 

																				(3)

a. Set the measurement antenna to the first position (out of the T points) on the spherical surface. 

b. Measure and record EIRP at the position by sweeping through the spurious frequency range shown in Table 1 using a spectrum analyzer. As the spurious frequency range is very wide, the choice of measurement antenna will depend on the frequency range under measurement.  

c. Move the measurement antenna to the next measurement point.

d. Repeat Steps 10.b and 10c until all T points have been covered. 

e. Calculate TRP using equation (1); if TRP ≤ [-13 dBm] then the spurious frequency is compliant else it is not compliant. Move to the next spurious frequency and go to Step 10.a.

3	Conclusions
In this document, a test procedure for measuring spurious emissions of NR BS type 2-O has been discussed and proposed. 
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