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1
Introduction

One of main reasons for investigation for OTA Near-Field chamber for signalling test cases is to reduce the cost. The purpose of this paper is to highlight a few key aspects which are critical for OTA chamber proposal for Near Field. This paper provides measurement results on array-antenna gain deviation at various distances extending from radiative near to far fields. It also compares theoretical calculations against the measurement results to show that the OTA MU in radiative near-field can be estimated, which justifies that the radiative near-field chamber is possible.
2
Discussion
2.1
MU-elements in OTA Near-field

In order to gain confidence over Near Field OTA chamber, one of the key factors that needs to be understood is driving MU in the radiative near field. The MU-elements of the signal level which need to be taken account of in the protocol tests in the radiative near-field  region are as below:
· In addition to the MU elements already discussed in the DFF(Direct Far Field) setup, it would be necessary to take account of the following uncertainty elements. 
· DUT array-antenna gain deviation in near-field
· If we focus on the discussion of whether it is possible to calculate the MU in the radiative near-field setup, the main topic we need to think about is the effect of DUT array-antenna. That is because the DUT array-antenna is the main factor which makes the measurement distance radiative near-field under the condition that the measurement antenna size is small enough to regard the measurement distance as far-field. As the size of the antenna element composing the DUT array-antenna is also small enough to regard the measurement distance far-field and the total size of the DUT array-antenna is in general the size to regard the measurement distance radiative near-field, the array-antenna gain deviation due to distance-change from far-field to radiative near-field from the view-point of the DUT array-antenna size can be estimated by the simple summation of sinusoids whose phases are changed according to path-lengths. See 2.2 for more information about array-antenna gain deviation. Other MU factors can be estimated in the same way as the MU-estimation in DFF. In summary, the measurement distance is regarded as below with each of the antenna sizes:
· Measurement antenna       
: Far-field
· DUT array-antenna element
: Far-field
· DUT array-antenna               
: Radiative near-field 
· Level deviation due to unknown DUT-array-antenna positions and the measurement antenna radiation pattern.
· This element is already included in the DFF MU, but this could have more impact in near-field depending on the condition.
· If it is necessary to perform signal level calibration in a similar way as the UE RF measurements in far-field, it would be necessary to take into account an reference-antenna-gain fluctuation in radiative near-field as one of MU factors, because the antenna gain of a reference antenna is normally guaranteed in far-field. The reference antenna shall be a horn antenna, for which we can calculate antenna gain fluctuation in radiative near-field like the example shown in A.2.
2.2
Array-antenna Gain Deviation
Assuming that the driving-signal phase ([image: image2.png]


) of each of the DUT array-antenna elements shall be determined so that the signals from all the antenna elements shall be summed up constructively at a certain direction ([image: image4.png]


) in the far-field, the array antenna gain would be observed lower in the radiative near-field than in the far-field. This is due to the difference among the path-lengths ([image: image6.png]


) as shown in Figure 2.2.1.
The element-antenna radiation pattern ([image: image11.png]
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 ) of the DUT array-antenna and the measurement-antenna radiation pattern () to contribute to the observed array gain would be different between near-field and far-field cases due to the directional angle shift ([image: image13.png]AB,
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) as shown in the equations below and Figure 2.2.1.
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Figure 2.2.1  Array-antenna Gain Deviation in Radiative Near-field
The array-gain deviation in radiative near-field is defined as the following equation.
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We had performed actual measurements of array-gain deviation with the measurement environment shown in A.1 and compared the measurement results with mathematical calculation results.
The test parameters are as the following:
· Frequency : 28GHz
· Distance : 6 to 32cm

· Array antenna
· 4x1 array antenna
· Array pitch : 5.37mm
· D size : 19mm

· Radiative near-field distance 
: 15.7mm
· Far-field distance 

: 67.4mm
· 8x1 array antenna
· Array pitch : 5.37mm
· D size : 40mm

· Radiative near-field distance 
: 47.9mm
· Far-field distance 

: 298.7mm
· Element antenna radiation pattern

· Omni-directional for mathematical calculation

· Measurement antenna

· Spiral antenna

· D size : 3mm

· Radiative near-field distance 
: 10.7mm
· Far-field distance 

: 10.7mm
· Radiation pattern
· Actual measured radiation pattern for mathematical calculation

· Path-loss

· Cancelled out by calculation for the measurement results to derive the array gain deviations

Here, the radiative near-field distance and the far-field distance are calculated with the following equations.
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4x1 Array again deviation:
Based on the measured results graph (left-hand side below) and the mathematical calculation results graph (right-hand side below),  the array gain deviation differences between the measured and the mathematical calculation are less than 1dB, when the distance between the measurement antenna and the array antenna (DUT antenna) is changed from 6cm to 32cm. 
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                     (a)Measured results                                                   (b)Mathematical calculations

Figure 2.2.2   4x1 array-gain deviation difference between measured and mathematical calculations
8x1 Array again deviation:
Based on the measured results graph (left-hand side below) and the mathematical calculation results graph (right-hand side below), the array gain deviation differences between the measured and the mathematical calculation are less than 1dB, when the distance between the measurement antenna and the array antenna (DUT antenna) is changed from 6cm to 32cm.. 
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(a)Measured results                                               (b)Mathematical calculations

Figure 2.2.3   8x1 array-gain deviation difference between measured and mathematical calculations

Observation #1: It seems that the array gain deviation can be estimated by calculation within 1dB difference, which is regarded as one of the MU elements in radiative near-field.
2.3
Measurement Antenna Radiation Pattern Effect
Depending on the DUT size, the measurement distance and the measurement-antenna position, the possible measurement-signal incident angle range to the measurement antenna should be calculated, which would determine the influence of the measurement antenna radiation pattern.
· eg. DUT size = 15cm, Measurement distance = 10cm,  the angle range shall be “-arctan(7.5/10) to arctan(7.5/10) = -36.9 to +36.9[degrees]” -> the level deviation range shall be estimated by referring to the measurement antenna radiation pattern.
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Figure 2.3.1  Measurement antenna radiation pattern effect
Observation#2: Level deviation by measurement antenna radiation pattern can be estimated based on DUT size, measurement distance and measure-antenna position.
Proposal#1: MU can be estimated even in radiative near-field OTA measurements, taking account of the DUT-array gain deviation and other MU-elements, such as the measurement antenna radiation pattern effect; This makes near-field chamber possible.

Proposed Way Forward

Based on the analysis(Proposal#1) provided above, propose to consider OTA chamber for near field for signalling test cases.


Appendix A

A.1  Measurement Environment to get Array-gain Deviation in Radiative-near Field
The measurements of array gain deviation have been performed using the measurement environment as shown in Figure A.1.1.
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Figure A.1.1  Measurement environment for array-gain deviation
A.2  Reference-antenna Gain Change in Radiative-near Field
An example of reference antenna gain fluctuation in radiative near-field is shown below.

Figure A.2.1  Pyramidal horn size definition

Table A.2.1  An example of reference antenna parameters

	Frequency [GHz]
	W [m]
	H [m]
	rho1/2 [m]

	28 
	0.023 
	0.019 
	0.8 


Table A.2.2  Gain fluctuation of the reference antenna in Table A.2.1
	Distance [mm]
	Gain [dBi]
	Gain fluctuation [dB]

	60
	15.75
	-0.33

	100
	15.96
	-0.12

	1000
	16.08
	0.00
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