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1	Introduction
At previous RAN4 meetings, we presented a simple OTA test procedure [1][2] (which is based on the proposal in [3]) for measuring spurious emissions in the mmWave for NR base stations. The procedure has been revised according to the comments received during online and offline discussion, in particular, it has been further refined in view of reducing the TRP measurement duration to a reasonable time. The procedure can be used for testing spurious emissions ranging from 30 MHz to the second harmonic of the upper frequency edge of the downlink operating band in one single test system set-up, only the measurement antenna needs to be changed. The procedure is applicable to other test set-ups. 

In [4], 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.     

This document outlines the details of the OTA method with pre-scanning for spurious emission measurements.
 
2 Discussion
[bookmark: _MON_1248174552][bookmark: _MON_1249227490][bookmark: _MON_1282989596][bookmark: _MON_1282992763][bookmark: _MON_1283666811][bookmark: _MON_1290505886][bookmark: _MON_1248002274]Figure 1 shows two examples of a typical system set-up for measuring radiated spurious emissions in an indoor anechoic chamber.   
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(a)   Set-up 1 - DUT and the measurement antenna are moved in the azimuth and vertical directions, respectively
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(b)  Set-up 2 - DUT is moved in the azimuth and elevation directions while the measurement antenna position is fixed
Figure 1: Examples of test system set-up for radiated spurious emission measurements  

Using the aforementioned test system set-ups, the OTA method for measuring spurious emissions of NR BS operating in frequency range 2 (mmWave) consists of the following steps. (Note, to keep a concise description, the OTA method is described with reference to test set-up 1 but it can be easily adapted for set-up 2.) 
Calibration steps are not considered herein.
Configuration steps:

1. Configure all the transmitters of the NR BS (i.e., DUT) to operate at maximum power such that the BS antenna array radiates maximum power for a single distinct beam.

2. If the DUT cannot be configured as described in Step 1 because it can only support multiple beams, then set the DUT to generate several beams at the maximum transmit power levels utilizing all the NR BS transmitters.

3. The DUT is placed at  = 1.5 m] above the ground. 

4. RF filtering (e.g., a notch, low pass or high pass filter) is necessary to increase the dynamic range of measurement.

5. Typically, cables attached to the DUT may not radiate in the spurious frequency range. Therefore, for spurious emission measurements, the measurement antenna’s half-power beamwidth need not cover the power cables provided the power and GPS cables do not wrap around the DUT.

6. Measurements are made with the measurement antenna positioned in both horizontal and vertical polarization components.  

7. Spurious emission power is measured from 30 MHz to the 2nd harmonic of the upper frequency edge of the downlink operating band using a measurement bandwidth as specified in TS 38.104 (see Table 1). The operating band plus a guard band on either side of the operating band edge is excluded from the measurement.   





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. The measurement antenna should be positioned at a suitable test distance from the periphery of the DUT such that the measurement is performed in the far field of the transmitting DUT antenna; the far field conditions are

					

where  is the largest dimension of the DUT or measurement antenna and  is the wavelength of the spurious frequency in the measurement. 

For the lower chunks of the spurious frequency spectrum (30 – 100 MHz), the far field distance is impractically large, which prohibits far field measurements in legacy test chambers. As such, the measurement antenna should be placed in a fixed position at a specified minimum distance of  meters even though the far field conditions cannot be met for the lower spurious frequency range. In [5], experiments were carried out to validate the feasibility of such measurements. The experimental results conclude that the minimum distance  = 3 m.  is FFS. (Note, free space path loss is proportional to .) 

9. The measurement antenna should be calibrated at the minimum measurement distance  which is determined in Step 8; all measurements should be made with respect to .

Pre-scan steps:
10. 
a. Pre-scan the entire range of the spurious frequencies by rotating the DUT on the turntable through 360° in the azimuth () direction in a discrete step of  degrees, where half-power beamwidth of the measurement antenna. The total number of -sectors, .  

For each -sector, measure and calculate EIRP by sweeping through the spurious frequency range in steps of the specified measurement bandwidth using a spectrum analyser; the frequency range that can be swept will depend on the bandwidth of the measurement antenna. The measurement antenna is moved in the vertical direction from [ = 1 m] to [ = 4 m] in height above the reference ground in order to maximize the measured EIRP. Record the measured EIRP for the spurious frequency and the corresponding measurement antenna height, sector number and antenna polarization in list . As the spurious frequency spans a wide range, multiple measurement antennas appropriate to the frequency range under measurement are required. In addition, different RF filters are needed depending on the frequency under measurement.
b. From  in Step 10a, those spurious frequencies with EIRP levels < ([-13 dBm] – 20 dB) or corresponding to the noise floor do not need further measurements; these frequencies can be discarded from . The purpose of this 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 TRP measurement in Step 11.  
 					
Conventional TRP measurement steps:
11. If  ≠ empty then conventional TRP measurements are performed on the remaining spurious frequencies in  starting with the highest absolute EIRP levels. EIRPs are sampled over the spherical surface based on a fine-grained grid. TRP can be approximated as spatial averaging of EIRP samples as shown in equation (3).     

						(3)

If the computed TRP ≤ [-13 dBm] then the spurious frequency is compliant, else it is not. This step is informative and provided for completeness; further details on this step and sampling grids are FFS. It is not the intention of this document to provide comprehensive details for this step.   

3	Conclusions
In this document, an OTA test method for measuring spurious emissions of NR BS type 2-O has been discussed and proposed. The proposed test method comprises three stages: 

1. Configuration 
2. Pre-scan 
3. Conventional TRP measurements

Key observations can be made on the proposed method:

Observation 1: only one single test system set-up for entire spurious frequency range.

Observation 2: the measurement antenna should be positioned in the far field distance. However, if the far field conditions cannot be met due to practical limitation of test chambers then it can be placed in a fixed position at minimum distance .  is FFS.   
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