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Introduction
Two approaches have been proposed over the last RAN 4 meetings to determine the far field (FF) distance/min measurement distance:
· FF determination based on beam width measurement [1]. An antenna with pointy antenna pattern (high antenna gain) has a longer FF distance compare to a wide beam width having a shorter FF distance.
· Minimum measurement distance determination based on the power measurement approach (EIRP) normalized by the FSPL (Free Space Path Loss) [2].
This contribution is a continuation of the minimum measurement distance determination study [2]. In this document, four antenna arrays are analyzed in term of measured power vs distance. Furthermore, for each of these antenna arrays EVM vs distance has been measured.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Measurement Setup
The measurement setup used is the same as mentioned in [2]. The RX horn antenna is connected to the spectrum analyzer, R&S®FSW67 with a frequency range up to 67 GHz, while the TX Antenna Under Test (AUT) is connected to the signal generator, R&S®SMW200A with a frequency range up to 40 GHz; the spectrum analyzer measures the frame power of the Verizon pre-5G signals generated by the signal generator. A power amplifier with 22dB of gain at the output of the signal generator is used to compensate the relatively high path losses for larger measurement distances studied in this contribution.  Both antennas (RX: horn antenna, TX: AUT) are connected to the test equipment using mm-wave coax cable connections. The separation distance between the antennas, placed in an open area test site, is varied over a fairly large range, i.e., from 1cm to ~2m to guarantee that the transition between near and far field is captured.
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Figure 1: Measurement Setup for EIRP and EVM Measurements
Minimum Measurement Distance Analysis
In [2], an experimental method to determine the min. measurement distance for antenna pairs was proposed based on EIRP measurements at the centre of the beam: The deviation of 1dB between EIRP measurements and the associated relative free space path loss (FSPL) yields the measured min. measurement distance. At antenna separations greater than this minimum measurement distance, the results have converged with the far-field results with a 1dB measurement distance MU.
The following figures show the deviation between EIRP measurements and the free space path loss vs measurement distance for 4 antenna arrays and for 5 signal types: VzW Pre-5G for 100MHz, 10MHz, 1MHz and 100kHz channel bandwidths and CW. Some of the outlier measurements are likely caused by imperfections in the test setup.
[image: ]
Figure 2: EIRP Measurements as a function of distance for the 4x1 patch antenna array. 
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Figure 3: EIRP Measurements as a function of distance for the 4x1 dipole antenna array. 
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Figure 4: EIRP Measurements as a function of distance for the 16x1 patch antenna array. 
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Figure 5: EIRP Measurements as a function of distance for the 4x2 patch antenna array. 

Table 2 outlines the different approaches to theoretically determine the estimated far-field distance, , based on the sphere enclosing the DUT, i.e., PCB, and based on the dimensions of the radiating elements/active region rf,AR. In that Table, we have noted for each of the 4 antenna arrays the measured min. measurement distance, , extracted from each of the plots shown in Figure 2 to 4.
Table 2: Far-field distance calculation for each of the antenna arrays
	AUT
	Approximation for  based on Sphere enclosing DUT (W, H)
	FF Distance  for 
	Approximation for  based on Dimensions of Active Region (w, h)
	FF Distance  for   (active region)
	Min. Measurement Distance   at 1dB normalized EIRP

	
	
	
	
	
	 
(EIRP-FSPL) at 1dB

	Patch antenna array 4x1
	15.5cm
	4.48m
	2.4cm
	11cm
	25cm

	Dipole antenna array 4x1
	15cm
	4.2m
	2.3cm
	10cm
	12cm

	Patch antenna 16x1
	10.7cm
	2.14m
	10.5cm
	2.1m
	65cm

	Patch antenna 4x2
	12.5cm
	2.92m
	2.2cm
	9cm
	33cm




CONCLUSIONS
The minimum measurement distance for power measurement, i.e., the location where the deviation between EIRP and the free-space path loss exceeds 1dB, is significantly less than the estimated far-field distance calculated based on the sphere enclosing the PCB, . The FF distance based on the dimension of the active region, is close to the evaluated min. measurement distance, some differences can be noted.

The influence of the measurement antenna is an integral part of this minimum measurement distance determination method based on the EIRP measurement.  The measurements above were performed with a horn antenna with 20dBi gain. Because of the high directivity of this horn antenna, the measured FF distance    is pessimistic. We expect that the FF distance should be shorter, if the measurement antenna selected is less directional.

As proposed in [2], based on the empirical minimum measurement distances for suitable baseline system RX and TX antenna combinations, a minimum range length for the baseline system will be proposed. The “range length” is commonly defined as the distance between centre of the quiet zone and the aperture of the measurement antenna. The Patch antenna 16x1 cannot be implemented in a smartphone because of its size (10.2cm) but possibly in CPE.
The min. range length for a smartphone-sized DUT can be determined based the 3 measured antenna arrays, which potentially can be implemented in a smartphone (Patch antenna array 4x1, Dipole antenna array 4x1 and Patch antenna array 4x2). The largest min measurement distance measured is 33cm with the 4x2 patch antenna array. With a margin of 50% on the top of this measured min measurement distance, the min range length for smartphones is 49.5cm. In summary, for smartphones, a minimum range length of 50cm is suggested with a FF Distance MU of 1dB. 

EVM measurement
In this section we are analysing the behaviour of the EVM with the distance for passive antenna arrays, i.e., without phase shifter and having only one input signal for all antenna elements. The same setup is here used as depicted above. The power of the pre-5G VzW input signal generated by R&S SMW200 and amplified with a power amplifier is kept constant for all BWs. The same modulated signal is used for all BW, just the sampling rate is changed.
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Figure 6: EVM Measurements as a function of distance for the 16x1 patch antenna array. 
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Figure 7: EVM Measurements as a function of distance for the 4x1 patch antenna array. 
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Figure 8: EVM Measurements as a function of distance for the 4x1 dipole antenna array. 
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Figure 9: EVM Measurements as a function of distance for the 4x1 patch antenna array. 


CONCLUSIONS
The measurements above show that the EVM has converged at a 20cm measurement distance with the EVM in the FF provided the power is high enough to cope with the free-space path los. This means that the EVM can be measured in radiated near field for passive antenna array: the energy in NF is higher than in FF, which leads to better SNR and to a better EVM.

These measurements show again that the EVM for broadband signal (e.g. BW=100MHz) increases rapidly with increasing distance due to the decrease of the SNR at the receiver. As mentioned in [3, 4], EVM measurement accuracy is very sensitive to the power level measured, the Channel BW and the measurement distance in place: all these parameters together make the EVM measurement at minimum output power challenging.

Summary
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we have showed the FF distance determination based on EIRP measurement vs distance with 4 types of antenna arrays and proposed a range length of 50cm for smartphones. 
We have pointed that the EVM can be measured in radiated NF for passive antenna arrays.
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