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1. Introduction

In principle three different methods for antenna pattern measurements were discussed in the previous meetings. Far field measurements, compact range chambers (CATR) and near field measurements. Still, near field measurement in comparatively small anechoic chambers is the standard measurement method for BS antennas. In RAN4#71 Satimo proposed a near field measurement method for active antennas [2]. In case of uplink, this method requires knowledge of the Base Band Signals. This interface is not standardized by 3GPP and is usually not accessible as it is implementation dependent.
This paper proposes a method for near field uplink measurement, that requires only standardized power measurements using standard 3GPP interfaces. 

2. Discussion

The standard near field setup for measuring UL antenna patterns of an AAS comprises a turn table for the required azimuth and elevation angle settings and a fixed probe antenna. The AAS, which is the device under test, is mounted on the turn table and receives the signal transmitted by the probe antenna. If the receiver in the AAS delivers amplitude and phase data for each azimuth and elevation angle setting, it is possible to calculate the far field antenna pattern using the well-known near field far field transformation technique. The base station, consisting of active antenna system and a base station server, usually delivers only power values of the received signal without any phase information that would be required for the near field far field transformation.
Our proposal is based on the superposition of two signals transmitted by the probe antenna and an additional reference antenna. The reference antenna is mounted close to the AAS on the turn table to make the over the air path between reference antenna and AAS independent from any angle settings. Therefore the phase difference between the two superimposed signals can directly be used for the near field far field transformation.
The fundamental result is, that the required phase value can be deduced from simple power measurement data and that internal phase drifts of the AAS receiver are completely cancelled out.

3. Text proposal TR 37.842

10.3.2 
OTA sensitivity

10.3.2.1 Test methods

10.3.2.1.4 Near Field Measurement Method using Standard 3GPP Interfaces
10.3.2.1.4.1 Description

This near field test method for measurement of OTA sensitivity of an AAS uses 3GPP standardized interfaces only. Besides the well-known elements of a standard near field chamber, this setup introduces a reference antenna that is fed by the same signal as the probe antenna. Figure xx shows the uplink AAS setup for near field measurements in an anechoic chamber. The method is based on the superposition of two signals transmitted by the probe antenna and the reference antenna. The only difference between the signals at the two antennas is that they can be adjusted in phase and amplitude with respect to each other.

The reference antenna is mounted close to the AAS on the turn table to make the over the air path between reference antenna and AAS independent from any angle settings. Therefore the phase difference between the two superimposed signals can directly be used for the near field far field transformation. 
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Figure xx: Near field system setup for testing AAS in UL direction using 3GPP standardized interfaces only.
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Figure yy: Phase calculation using four power values of two superimposed signals

In this method, the phase is deduced from simple power measurements by recording power values for different settings of the phase offset between the superimposed signals transmitted by the reference antenna and the probe (see Figure xx). Thus, it is possible to calculate the required phase difference (see Figure yy). In case of four equidistant phase settings the mathematical formulas can be written as follows
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Signal from reference antenna:   [image: image6.png]Svefi = Ares coslwt + v; + 445 ()]
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The power of the superposition of these signals can be calculated as
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where i denotes the index of the phase setting 

Combination of the different power measurements gives the final result:
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The fundamental result is, that the required phase value can be deduced from simple power measurement data and that internal phase drifts of the AAS receiver are completely cancelled out.
10.3.2.1.4.2 Procedure
1) Connect the probe to the generator via a splitter as depicted in Figure xx.
2) Install the ref. antenna for measuring the phase difference close to the position of the device under test (DUT) on the DUT turn table.
3) Connect the ref. antenna to the phase shifter as depicted in Figure xx.
4) Calibrate the test range, using a SGH installed at the intended DUT position and measure the path loss between generator and SGH.

5) Uninstall SGH and position the DUT with its manufacturer declared coordinate system reference point in the same place as the phase centre of the SGH. The manufacturer declared coordinate system orientation of the DUT is set to be aligned with testing system.
6) Connect the DUT to the base station server as depicted in Figure xx.

7) Align with the conformance test direction (D10.11) 

8) Set the generator to the manufacturer declared sensitivity (EIS) level plus the measured path loss.
9) Set the phase shifter to the phase setting γi, with i = [1, .., 4] as follows: 
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10) Measure the received power at the DUT for phase setting γi. 
11) Repeat test steps 9 and 10 for the four equidistant phase settings and measure BER once during the four measurements.
12) Repeat test steps 4 to 11 for all declared beams and corresponding conformance steering directions.

13) Calculate the phase as follows:
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14) Perform the near field far field transformation using the measured power and corresponding calculated phase.
10.3.2.1.4.3 Uncertainty budget format
Editor: It is proposed to change chapter C1 “Indoor Anechoic Chamber” to “General Chamber Uncertainties”.

	UID
	Description of uncertainty contribution
	Details in paragraph
	Uncertainty [dB]

	Stage 1, DUT measurement
	

	1
	Positioning misalignment between the AAS BS and the reference antenna*
	C1-1
	0 (0.01°)

	2
	Pointing misalignment between the AAS BS and the reference antenna*.
	C1-2
	0 (0.01°)

	3
	Polarization mismatch between the AAS BS and the transmitting antenna
	C1-4
	0.05 (2°)

	4
	Mutual coupling between the AAS BS and the transmitting antenna
	C1-5
	0

	Stage 2, Calibration measurement
	

	5
	Impedance mismatch in the transmitting chain
	C1-8
	0.0056

	6
	Positioning and pointing misalignment of the reference antenna* and the transmitting antenna
	C1-9
	0

	7
	Impedance mismatch at the reference antenna* and measurement equipment.
	C1-10
	0.0029

	8
	Polarization mismatch for reference antenna*
	C1-4
	0.05 (2°)

	9
	Mutual coupling between the reference antenna* and the transmitting antenna
	C1-5
	0

	10
	Uncertainty of the measurement equipment
	C1-7
	0.1

	11
	Uncertainty of the RF signal source generator
	C1-11
	0.25

	12
	Influence of the reference antenna* feed cable
a) Flexing cables, adapters, attenuators, connector repeatability
	C1-12
	0.082

	13
	Influence of the transmitting antenna feed cable
a) Flexing cables, adapters, attenuators, connector repeatability
	C1-13
	0.082

	14
	Uncertainty of the absolute gain of the reference antenna*
	C1-14
	0.5


* The term “reference antenna” used in the uncertainty table refers to the SGH used for calibration in this measurement setup. It is not to confuse with the ref. antenna, which is used for the measurement of the phase difference!
4. Conclusion

With the proposed method, it is possible to perform AAS over the air measurements in a near field chamber using 3GPP standardized interfaces only.

We propose to include this method into the technical report 37.842 chapter section 10 [1].
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