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1 Background
The AAS WI concluded during the second half of 2014 that the figure of merit for the OTA transmitter test would be the EIRP accuracy. While discussions on the exact requirements are still vivid, it is not premature to address the issue of measurement procedures.
An example of EIRP accuracy testing [2] was contributed but not presented in RAN4#74 in Athens. 

This contribution is an updated version of [2]. While a complete procedure is not yet proposed, this document outlines how the procedure is impacted by the outstanding decisions on the applicability of the EIRP accuracy requirement.

2  Introduction
 This document addresses the issue of a measurement procedure for EIRP.

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. 
The actual requirements to be tested are not discussed in this document, but can be chosen arbitrarily without concern to this proposed method (assuming the figure of merit is based on EIRP).

This document aims at establishing a connection between current maximum output power measurements on LTE BS, as described in TS36.141 [1], and the EIRP measurement method proposed. The document describes the proposed calibration of the test equipment and the actual tests. 

The measurement antenna is assumed to be of a dual polarization type with polarization orthogonality better than 30 dB. 

The reference antenna used in the calibration is assumed to be of linear polarization with a cross polar discrimination of better than 30 dB (in bore sight).

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.

The measurement uncertainty of the procedure is addressed only with uncertainty contributors deemed to be dominating in the example. A thorough uncertainty assessment as suggested in [3] remains to be presented.  
3 Method Discussion
The method is divided in two essential steps, where by the first step (calibration) establishes an EIRP calibrated coupling loss to the DUT position, and the second step (measurement)  reuses the legacy method (slightly modified) to verify the EIRP accuracy requirement conformance.

3.1 Calibration

The here proposed calibration method links the coupling loss measurement and the BS maximum output power.
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 between the network analyser and Reference point A).
Step 1c

Measure the reference antenna in the DUT position (the dashed double arrowed Figure 2, CLcalibration,) for each polarization of the measurement antenna with the reference antenna first aligned with its polarization horizontally and then with then vertically. (This should be done within 1 degree polarization tilt accuracy, which should be feasible with the large size DUTs assumed, allowing for large reference antenna aiming devices.)
If the DUT declared DUT EIRP is very high, the BS tester may need protection by an attenuator at its input. If this is done, the calibration shall include the attenuator. 

The issue of otherwise protecting the measurement facility from the DUT potentially high radiated power is not addressed in this document.
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Figure 2, Antenna range calibration using reference antenna. 

This yields four CLcalibration measurements, two for each measurement antenna polarisation, P and O, with each a vertically and a horizontally polarised reference antenna receptor, V and H. Using the nomination from [4] the following expressions apply:

Equation 1


CLcalibrationVP = CLDUTtoNA + CLNAthroughP&DUTpolmatch – 10log(cos2γVP) + CLref ant Zmismatch 
Equation 2


CLcalibrationHP = CLDUTtoNA + CLNathroughP&DUTpolmatch – 10log(cos2γHP) + CLref ant Zmismatch
Equation 3


CLcalibrationVO = CLDUTtoNA+ CLNathroughO&DUTpolmatch – 10log(cos2γVO) + CLref ant Zmismatch
Equation 4


CLcalibrationHO = CLDUTtoNA + CLNathroughO&DUTpolmatch – 10log(cos2γHO) + CLref ant Zmismatch
Where CLNathroughP&DUTpolmatch represents the coupling loss via the P antenna through the reference antenna to reference point A under the assumption of perfect polarization matching, and CLNathroughO&DUTpolmatch represents the corresponding coupling loss via the O antenna (dotted double arrow in Figure 2). 10log(cos2γ) represent the respective polarization mismatch loss for the antenna combinations indicated by the indices, and 

CLref ant imp mismatch is the coupling loss caused by the power reflection in reference antenna connector (in reference point A). 

All figures are in dB.
The polarization mismatch losses are complex to determine, but since they depend on geometrical relations, they vary little over time and can be pre-characterized for the measurement range and the measurement antenna/reference antenna combination. Hence they are considered known in this contribution. However, in the here presented method, they need not be specifically know. Only orthogonal polarizations of the measurement antennas are needed.

The CLref ant Zmismatch is best estimated by measuring S11 at the reference antenna port in a radiation reflection free environment, and from this computing the non-reflected fraction of the incident power, giving the insertion loss. Depending on the design of the reference antenna, this may be considered known.
Step 1d 

Converting equations 1 and 2 into linear amplification equations and noting that since the polarization of the reference antenna is linear and perpendicular between Equation 1 and Equation 2, the V and H polarisations are orthogonal. It follows that cos2γVP = sin2γHP as described in [5] which , as described in [4], yields:
Equation 5

CLNAthroughP&DUTpolmatch = CLcalibrationP - CLDUTtoNA - CLref ant Zmismatch
Where

Equation 6

CLcalibrationP = CLcalibrationVP + CLcalibrationHP -10log (exp(CLcalibrationVP /10)+exp(CLcalibrationHP /10))

–In the same way, Equation 3 and Equation 4 yields

Equation 7

CLNAthroughO&DUTpolmatch = CLcalibrationO - CLDUTtoNA - CLref ant Zmismatch 
Where

Equation 8

CLcalibrationO = CLcalibrationVO + CLcalibrationHO -10log (exp(CLcalibrationVO /10)+exp(CLcalibrationHO /10))

The coupling loss to the fictive point of the antenna to air connection (referred to as the virtual antenna connector) for the respective measurement antenna branches P and O is calculated as

Equation 9


CLNAtoREFANTp = CLcalibrationP – CLDUTtoNA - CLref ant Zmismatch + GREFANT = CLNAthroughP&DUT - GREFANT 

Equation 10


CLNAtoREFANTo = CLcalibrationO – CLDUTtoNA - CLref ant Zmismatch + GREFANT = CLNAthroughO&DUT - 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 CLNAtoREFANT is the calibration loss to the EIRP figure. It should be noted that this calibration loss is generally not exactly the same for the two measurement antenna polarizations, but it should be kept to within a small difference.

3.2 BS testing

Step 2a
The AAS BS is mounted in the DUT position arranged so that the azimuth zero steering direction and the horizontal plane in the manufacturer defined coordinate system related to the AAS structure coincides with the direction to the measurement antenna . (This is a start position facilitating finding whatever direction declared with EIRP.)

The beam setting is assumed to be a fixed beam.  The test model shall be E-TM 1 according to sub-clause 6.2 of TS36.141 [1], and all RBs shall be subject to the same beam forming.
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Figure 3 Schematic of DUT and signal source mounted in compact range.
 Step 2b
 Rotate the DUT in elevation and azimuth so that the measurement antenna is in the direction subject to the EIRP accuracy test. (For simplicity, it is here assumed that the DUT possesses a phase centre and that this coincides with the axis of rotation. Impacts of phase centre offset are subject to future contributions.)
Apply the tilt and pan settings prescribed for the test to the DUT.
Step 2c

The DUT is set to transmit at its maximum output EIRP for the setting at one of its polarizations and record the received power in the tester via measurement antenna branches P and O. As described in [4], the measured EIRP is assessed as:

Equation 11

EIRPmax = log10(exp(Ptester recievedP + CLNAtoREFANTp) + exp(Ptester recievedO + CLNAtoREFANTo))

(dBm)


Where Ptester recievedP
is the power (dBm) received by the BS tester through measurement antenna branch P and Ptester recievedO correspondingly for antenna branch O.
Repeat the measurement with the other DUT transmit polarization (if dual polarization is supported).
Step 2d

The DUT is rotated in azimuth and elevation so that the other declared EIRP directions for the DUT setting faces the measurement antenna, and step 2c is repeated until all declared directions are recorded. The measured EIRP values are compared with the minimum requirements.
Step 2e

If the AAS BS can be configured for other antenna settings (i.e. beam shapes), steps 2 may be performed for all antenna settings supported. (To be determined by RAN4). The test calibration is maintained for all BS antenna settings.
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 measurement parameters in table 1 are all taken from the method proposal above.
Table 1: Measurement uncertainty estimate.

	Measurement parameter
	Assumption
	Uncertainty Value 

	uCLDUTtoNA 
	Agilent VNA N5242A, calkit N4433A

(CL approximately 80 dB)
	0.4 dB

	uCLcalibration 
	Agilent VNA N5242A, calkit N4433A

(CL approximately 20 dB)
	0.15 dB

	uAntenna S11
	Agilent VNA N5242A, calkit N4433A

(S11 approximately 10 to 20 dB)
	0.15 dB

	uAir CL variation during test
	estimate
	0.1 dB

	uGREFANT
	estimate
	0.6 dB

	uTester absolute power measurement accuracy 
	according to TS36.141, table G1.1-1      [1]
	0.7 dB

	uBS output power accuracy
	estimate (with reference to requirement in sub-clause 6.2 of TS36.141.) [1]
	2 dB

	uRepeatability
	estimate
	0.2 dB

	uReconnection CL variation
	estimate
	0.1 dB


The estimated gain uncertainty of the reference antenna includes an estimated impact of the quiet zone quality affecting the gain measurement of the DUT antennas and the reference antenna differently.  The impact of polarization tilt angle errors of the reference antenna during calibration is deemed negligible.

Using the measurement parameters in table 1, the measurement uncertainty for the coupling losses needed in the calibration, the AAS BS antenna gain estimate and the AAS BS maximum output power 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

	uCLref ant Zmismatch
	negligible

	uCLNAthroughDUT
	uCLDUTtoNA uncertainty - uCLcalibration uncertainty  (correlated errors)

	uCLNAtoREFANT
	RSS(uCLNAthroughDUT , uGREFANT , uReconnection CL variation)

	uAAS EIRP
	RSS(uReconnection CL variation, uTester power measurement accuracy, uRepeatability, uReconnection CL variation, uCLNAthroughDUT, uGREFANT )


Applying the above suggested uncertainty figures and calculations it is seen that the here proposed method produces an uncertainty of  approximately 1.5 dB (95% confidence) for the EIRP, whereas the non-AAS BS and traditional BS antenna CW method produces an uncertainty of 1.3 dB corresponding radiated uncertainty. Thus, the here proposed method can be considered at par with the accuracy achieved for non-AAS BS corresponding measurement/prediction.

It should be noted that the suggested figures are initial estimates in many cases. The here suggested uncertainty is more likely to be higher than here estimated than vice versa, as the thorough uncertainty budget which remains to be defined and agreed may contain more overlooked uncertainty contributions. However, it is not expected that the eventual outcome to differ by more than 1 dB from the here presented uncertainty.
Applying tests in direction where the DUT directivity varies substantially with angular change, will add corresponding error due to direction error. A reasonable assumption on this slope remains to be made. However, it can be noted that the same effect applies to the non-AAS BS with BS antenna composite measurement uncertainty, and therefore the uncertainty of the here proposed method can still be regarded at par with that of the traditional BS implementations.

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. 

· EIRP estimates using legacy methods with conducted maximum output power and antenna radiation patterns, yield similar accuracy as the here proposed method. 
· A compact range is here used for making the measurements, but other methods are not precluded.
6 Conclusion
· A calibration method establishing a direct correlation to the isotropic gain of the DUT is presented.

· Achieved measurement uncertainty is at par with traditional BS results (assuming error free declarations)
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