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1 Background
An example of OTA sensitivity testing supporting de-embedded antenna surface sensitivity as the OTS sensitivity requirement [1] was in RAN4#72bis in Singapore. 

This contribution is presenting the testing example for the assumption the OTS sensitivity is defined as an EIS declared value applicable within a declared range of angle of arrival. 
Since the test method presented in [1] already accommodated declared EIS requirements, the test method is represented largely unchanged since [1].
2 Introduction

The presented method is based on the calibration of and measurement in a compact range facility, but adaptation to other types of radiated measurements is not precluded.

Traditional antenna measurement range issues are assumed to be handled and understood outside the discussion in this document. However, they do of course apply also for this measurement proposal. Hence, the DUT is assumed to fit inside the quite zone, and the far field requirement is assumed fulfilled, etc.
3 Method Discussion
In preparation for the test, an isolator is introduced in the signal path to protect the signal generator from the BS transmission power.

The method is divided in two essential steps, where by the first, calibration, step establishes a virtual antenna connector on the AAS, and the second, measurement, step reuses the legacy method (slightly modified) to verify the OTA sensitivity requirement.

3.1 Calibration

Calibration of test range:

 Step 1a

Start by calibrating the network analyzer used in the test range. (In traditional antenna measurements, this may not be needed as frequently due to the strictly differential approach, but in this proposed method, the differential approach is broken.)
Step 1b

Measure the coupling loss between the DUT connector in the antenna test range and the connected network analyzer. (Figure 1, CLDUTtoNA)
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Figure 1, Measurement of coupling loss from DUT position to network analyzer port (marked by thick line).

Step 1c

Measure the reference antenna in the DUT position (the dashed double arrowed Figure 2, CLcalibration,)
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Figure 2, Antenna range calibration using reference antenna. Note the isolator introduced in the range set-up in preparation for the following measurements.

Step 1d 

Equation 1


CLNAthroughDUT = CLcalibration - CLDUTtoNA 

is the coupling loss from the network analyzer port to the DUT connector via the isolator (dotted double arrow in Figure 2) in the isolator pass direction.
The coupling loss to the fictive point of the antenna to air connection (referred to as the virtual antenna connector) is calculated as

Equation 2


CLNAtoREFANT = CLcalibration – CLDUTtoNA + GREFANT = CLDUTtoNA - GREFANT 

This coupling loss is what would be the coupling loss to the reference antenna connector if its gain was exactly 0 dBi. Thus it can be said that a virtual antenna connector of an AAS positioned at this point is established.
3.2 BS testing

Step 2a

The AAS BS is mounted in the DUT position arranged so that the zero-steering direction points at the measurement antenna

(This is assumed facilitated by the declaration of the zero steering direction in relation to a declared coordinate system referring to the physical structure of the AAS. The zero steering direction is the direction at which the lowest receiver threshold is directed when the declared zero steering is applied.) 
The DUT is also connected to the tester data port for throughput measurements.
Step 2b
The tester output power is calculated.

If the EISDUT is itself a declared parameter, its declared value is used directly in equation 4
If a fixed antenna surface sensitivity requirement is used, the assigned receive directivity [7] is calculated from the manufacturer declared azimuth angular range of operation, and the elevation angular range of operation, and the EIS requirement is calculated as the antenna surface sensitivity plus the assumed receive directivity. 
Equation 3


EISDUT  = SDUTsurface - DRxDUTass

(dBm)
The resulting EISDUT is inserted in equation 4
Equation 4 


Ptester REFSENS =  EISDUT + CLNAtoREFANT

(dBm)



Note that the SDUTsurface and the corresponding EISDUT may vary with the FRC 1A bandwidth as the corresponding conducted reference sensitivity does.
Step 2c
The tester is set to transmit in the tested UL channels at Ptester REFSENS (dBm). 
The DUT transmit power is increased to the maximum output power (correspondingly in accordance with TS36.141 [4], clause 7.2 – the corresponding setting for AAS remains to be defined).

The UL throughput is recorded in the same way as prescribed in TS36.141 [4], clause 7.2.

Step 2d

Repeat step 2c with the DUT oriented so that the extremes of azimuth angle range of operation and elevation angle range of operation are separately tested for throughput with the tester power increased 3 dB, or according to declarations from the step 2b calculation. 
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Figure 3, Reference sensitivity set-up in compact range. Note the reverse coupled isolator and the switched signal power flow direction.
If the minimum requirements are met, the DUT has passed the test (for the tested setting).
Step 2e

If the AAS BS beam tested can be steered, steps 2a to 2d are repeated for each extreme combination of steering, using the corresponding manufacturer declarations.
Step2f

If the BS can be configured for other antenna settings, steps 2 may be performed for all antenna settings supported (for cell coverage or otherwise as determined by RAN4). The test calibration is maintained for all BS antenna settings whereas new DUT EIS assessments are needed for each antenna setting.
4 Measurement uncertainty estimate
This section assesses the measurement uncertainty related to the here described test method. The numbers used in the example are only examples, and estimates. The declared EIS and the intended range of angle of arrival are assumed to be exact. The measurement parameters in table 1 are all taken from the method proposal above.
Table 1: Measurement uncertainty estimate.

	Measurement parameter
	Assumption
	Uncertainty Value 

	CLDUTtoNA 
	Agilent VNA N5242A, calkit N4433A

(CL approximately 80 dB)
	0.4 dB

	CLcalibration 
	Agilent VNA N5242A, calkit N4433A

(CL approximately 20 dB)
	0.15 dB

	Air CL variation during test
	estimate
	0.1 dB

	GREFANT
	estimate
	0.6 dB

	Tester FRC A1 power setting
	according to TS36.141, table G1.2-1
	0.7 dB

	Repeatability
	estimate
	0.2 dB

	Reconnection CL variation
	estimate
	0.1 dB


Using the measurement parameters in table 1, the measurement uncertainty for the coupling losses needed in the calibration, and the AAS BS DUT EIS are calculated in table 2. The antenna gain uncertainty applies for bore sight which is what is used for the calibration. (verifying that bore sight is used is part of normal antenna range calibration and not described in this paper.
Table 2: Uncertainty calculation 

	Uncertainty Parameter
	Uncertainty calculation

	CLNAthroughDUT
	CLcalibration uncertainty - CLcalibration uncertainty  (correlated errors)

	CLNAtoREFANT
	RSS(CLNAthroughDUT , GREFANT , Reconnection CL variation)

	Reference sensitivity tester FRC 1A Tx power setting

	RSS(Reconnection CL variation,  Repeatability, Reconnection CL variation, Tester FRC A1 power setting accuracy, GREFANT, Air CL variation during test, CLNAthroughDUT)


Applying the above suggested uncertainty figures and calculations and comparing with the resulting figure for the corresponding legacy BS measurement it is seen that the here proposed method produces a similar uncertainty of approximately 1 dB.

It should be noted that the suggested figures are initial estimates in many cases.
The proposed measurement method is well applicable for normal test conditions. For extreme test conditions however, the measurement performance is expected to be more affected than the DUT itself with current compact range designs.
5 Observations
· Existing measurement equipment and measurement methods are applied. 

· Existing test models are used.
· The method requires declaration of beam properties.
· Assuming the declarations are without error, the measurement uncertainty is at par with those of legacy base stations (including traditional antennas).

6 Conclusion
· Only small modifications to the current E-UTRA specifications are required to apply the test. The current types of reference sensitivity and reference channel signals, for conducted measurements are reused.

· The spatial distribution of the radiation can, through this method, be separated from the corresponding reference sensitivity requirements themselves. (I.e. only one sensitivity may be needed, regardless of the number of antenna settings available in the AAS.)
· Achieved measurement uncertainty is at par with traditional BS results (assuming error free declarations)
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� This will be the sensitivity uncertainty.
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