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1.
Introduction

The distance between the measurement antenna and the device under test (DUT) is a tradeoff between satisfying the far-field criterion and achieving a reasonable dynamic range. Previous Tdocs have looked at the far-field distance criterion of 2D2/λ, and in particular what value should be used for D. It has become clear that the previous assumption that D is the largest dimension of the device can no longer be applied for mm-wave frequencies in practical UEs.

It has also become clear that since mm-wave antenna arrays can be placed at one or more locations within the UE, and that when the positions are not known, additional errors can come into play for an over-the-air measurement. R4-1609809 [2] from Anritsu considered the effect of not knowing the exact distance between the Measurement antenna and the UE-under-test antenna, and Keysight R4-1700213 [3] considered the scenario with two antenna arrays on a single UE, and the effect of a difference in angle of illumination.
This Tdoc looks at some ways to avoid introducing additional errors. 
2.
Baseline measurement setup
The baseline setup was recently agreed in R4-1700262 [5], now incorporated in clause 10.2.2.1 of TR 38.803 [6]:

10.2.2.1
Baseline measurement setup: centre and off centre of beam measurement setup

The baseline measurement setup of UE RF characteristics for f > 6 GHz is capable of centre and off centre of beam measurements and is shown in Figure 10.2.2.1-1 below.

Diagram TBD
Figure 10.2.2.1-1: Baseline measurement setup of UE RF characteristics

The key aspects of the baseline setup are:

-
Far-field measurement system in an anechoic chamber


-
The criterion for determining the far-field distance is TBD
-
DUT positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference

-
DUT positioning system such that the angle between the link antenna and the DUT has at least two axes of freedom and maintains a polarization reference; this positioning system for the link antenna is in addition to the positioning system for the measurement antenna
There is an ongoing debate about the far-field distance, hence currently “TBD” for the distance criterion in TR 38.803. It relates both to the dimension of a single antenna array, and to the distance between multiple antenna arrays if deployed.
In parallel with the discussion about how to determine D, it is useful to consider how measurement errors can be reduced.
Although a view has been expressed that the error coming from not knowing the position of the UE antennas needs to be included in the measurement uncertainty, this is likely to widen the uncertainty significantly, and may reduce the value of testing.
3.
Use of Compact Antenna Test Range

R4-1700213 [3] proposes that a Compact Antenna Test Range could be used to produce a collimated beam, as already defined for AAS in clause 10.3.2.1.2 of TR 37.842 [1], the diagram being reproduced in Annex A of this document. Using such a beam aims to reduce the error arising from a poorly defined angle of arrival. 
Several points are worth noting about this arrangement:

· The uncertainty budget (currently +/-1.4dB, 2σ, to 4.2GHz,) assumes a calibration step
· Calibration uses a reference antenna in the same (assumed known) position as the DUT antenna
· Different angles of Illumination are achieved by rotating the DUT 
Additional errors can arise related to the position of the antenna(s) within the DUT:

· Not knowing the position of the DUT antenna(s) will introduce an error into the calibration, because the path length to the DUT antenna may be different from the path length to the reference antenna
· Rotating the DUT may cause a change in path length, because the centre of rotation may not be where the antenna is located 

It appears that using such a beam reduces the error arising from a poorly defined angle of arrival, but errors related to not knowing the position of the DUT antenna remain. 
4.
Position of the antenna(s) within the DUT
An analysis of near field / far field boundary was provided by Qualcomm in R4-168320 [4], and includes a table giving the values in cm at 28GHz and at 100GHz, for various values of “D”, reproduced in Annex D of this document. A number of points are made about D and R, where D relates to the antenna size, and R is the distance from the device:
· D is the largest antenna size
· For an antenna array this (D) is the largest size of the entire array
· One possible solution (to determine D) would be to use the largest device size (e.g. diagonal)…

· The antenna array within the device is likely to be much smaller than the actual device
· Since the exact antenna size is not known, the measurement distance (R) could be determined based on a manufacturer declaration
· Several “standard” testing distances could be defined (e.g. 0.5m, 1m, 1.5m, 2m, etc) and the manufacturer could choose the one that is most suitable for the device 
From the above, and following the analysis of the tablet scenario provided by Keysight in R4-1700213 [3] and reproduced in Annex C of this document, it seems likely that some kind of manufacturer declaration would be necessary to ensure appropriate testing. A follow-on question is how much information needs to be provided, and how it can be used to reduce measurement errors.
· The choice of standard testing distance is made to ensure that the UE is tested in a condition that can be taken as Far-field. This assumption is already built in (not in uncertainty budget)
· Knowing the actual position of the antenna within the DUT means that the path length to the DUT antenna can be made identical to the path length to the reference antenna (negligible error)

· Knowing the actual position of the antenna within the DUT means that the centre of rotation can be where the antenna is located, or corrected for.

If for example a UE had one antenna array located in the corner of the device, it would not make sense for the UE to be rotated about its physical centre. Knowing the actual position of the antenna array within the DUT would allow the correct centre of rotation to be used, with much lower uncertainty.
If the UE has several antennas arrays and chooses them autonomously during a test, a sensible choice may be to rotate about the “average” of the antenna array positions.  Alternatively, introducing a test mode that activates only one array at a time for the measurement, combined with knowledge of the correct centre of rotation, could make D shorter, yielding a lower uncertainty in a smaller chamber.
Proposal 1: For UEs with multiple antenna arrays possible to operate simultaneously in the same frequency band, a test mode shall be provided to activate one array at a time.

If the UE has several antennas but always uses a defined antenna array in a specific test scenario, then it may be best to use the location of that array. The test system can then use that location to determine distance and angle.
A set of manufacturer declared parameters as below could reduce the measurement errors in testing:
Proposal 2: UE manufacturers shall provide the parameters listed in the following table:

	All UEs

	Parameter
	
	Comment

	Reference centre of rotation 
	x0, y0, z0
	As 3D co-ordinates relative to a defined physical point of the UE.
Default: when testing, Distance is calculated relative to this point, and UE will be rotated about this point.

	Minimum testing distance from centre of rotation 
	R
	Determined by UE manufacturer to ensure far-field

	UEs where only one of several antenna arrays is used in a test

	Parameter
	
	Comment

	Antenna array 1 position relative to Reference centre of rotation 
	Δx1, Δy1, Δz1
	As 3D co-ordinates relative to Reference centre of rotation

	..
	..
	..

	Antenna array n position relative to Reference centre of rotation 
	Δxn, Δyn, Δzn
	As 3D co-ordinates relative to Reference centre of rotation

	For each test where only one of several antenna arrays is used, statement of which antenna array
	Test #1: Antenna array 3
Test #2: Antenna array 3

Test #3: Antenna array 2
Test #4: Antenna array 1

	When testing, UE will be rotated about the point applicable to this antenna.

Distance is calculated relative to this antenna.


Agreement is sought on Proposal 1 and Proposal 2.
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Annex A:
Extract from TR 37.842 [1], AAS Compact Antenna Test Range
10.3.2.1.2
Compact Antenna Test Range

10.3.2.1.2.1
Description

CATR uses the feed antenna which radiates a spherical wavefront to a range reflector antenna which will then collimate the radiated spherical wavefront to the DUT. There is sufficient separation between the DUT and the transmitter (feed antenna shown in figure 10.3.2.1.2.1-1) so that the emanating spherical wave reaches nearly plane phase fronts from transmitter to reciever. The feed antenna transmits a wavefront that will elluminate the range antenna reflector, which will then reflect the transmitted energy towards the DUT.
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Figure 10.3.2.1.2.1-1: CATR measurement system setup for EIS

Annex B:
Extract from Anritsu R4-1609809 [2][image: image3.png]



Figure 1.  Deviation of an array-antenna position from the center of the measurement sphere

Table 1.  Examples of possible path-loss deviations 

caused by ignorance of array-antenna positions 

(L = 15 cm, fc = 28GHz)

	R [m]
	Path-loss by R[dB]
	Path-loss deviation

caused by (R’-R) [dB]

	0.5
	55.4
	-1.4 to +1.2

	1.0
	61.4
	-0.7 to +0.6


Annex C:
Extract from Keysight R4-1700213 [3]

    

Figure 1 Table employing two mmWave antenna arrays
Using D=4 cm, the far-field distance is 30 cm.  Figure 2 shows a standard far-field measurement setup in which the test antenna is located 30 cm away from the tablet m.  The tablet is positioned in the beam and attached to a 2D positioner. 
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Figure 2. Standard far field test setup

Annex D:
Extract from Qualcomm R4-168320 [4]

	D(cm)
	Frequency (GHz)
	Near/far boundry (cm)
	Path Loss(dB)
	Frequency (GHz)
	Near/far boundry (cm)
	Path Loss(dB)

	5
	28
	48
	55
	100
	168
	76.9

	10
	28
	188
	66.9
	100
	668
	88.9

	15
	28
	420
	73.8
	100
	1500
	96

	20
	28
	748
	78.9
	100
	2668
	101

	25
	28
	1168
	82.7
	100
	4168
	104.8

	30
	28
	1680
	85.9
	100
	6000
	108


Table 1. Near field/far field boundary for different frequencies and antenna sizes

Distance between antennas(assumed) : R
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R’(min) = R –L/2


R’(max) = R + L/2








Array antenna





Measurement antenna








�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.  





Page 7

