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1 Introduction
The work on the conformance requirements for AAS is coming to an end, the only outstanding issue is to finalize the measurement uncertainty values and the test tolerance values for the OTA requirements.
There are currently 4 methods described in the TR [2] for each of the OTA requirements. 3 of these have almost completed measurement uncertainty calculations and the WF [1], details how those issues will be finalized in this meeting.

One issue was raised during offline discussion in the last meeting however which requires some clarification, the question in summary is:

· In the hypothetical situation that the measurement uncertainty is zero, would the 4 methods all provide the same result?

This issue was raised it seems due to experience with the UE OTA requirements where different OTA measurement techniques have similar measurement uncertainty values but give different absolute results.

This paper discussed the measurement techniques which have been examined for AAS and justifies why this is not a problem.

2 Discussion

The OTA measurement techniques identified for AAS are:
· Compact Antenna Test Range (CATR).
· Indoor far field Anechoic chamber.
· One dimensional compact test range.
· Near field test range.
All these methods are well established for measurement of passive antennas, the task for the AAS WI is to ensure that suitable account has been taken to allow for measurement of AAS.

2.1 Passive antenna measurement system comparison
When used for measuring passive antennas similar question have been raised about the accuracy between different measurement systems [3] reports on past, on-going and planned facility comparison campaigns, conducted in Euraap of how different measurement facilities are compared.
· Spherical Near Field range:

· SATIMO SG64 –France

· Technical University of Madrid (UPM)  –Spain

· Universitat Politecnica de Valencia (UPV) – Spain 

· Universidad de Oviedo (UNIOVI) – Spain

· Technical University of Denmark (DTU) – Denmark

· CELLMAX – Sweden

· Huawei – China.
· Cylindrical Near Field range:

· MVI SL – Italy.
· Compact  Test range:

· SAAB – Sweden.

The document shows that the results from the different measurement chambers can be considered the same within the measurement accuracy defined for each method.

The process was carried out on a number of different ranges with a number of different antenna’s including a representative BS antenna, An example of the comparisons done is shown below:
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Figure 1. Measurement results from [3] for a passive BS antenna
As can be seen in the results the patterns match very well, for AAS only the main beam is of concern. Accutraccy in the main beam between the methods is very good.

The summary table from [3] shows a maximum errors of <0.4dB, this is well within the measurement uncertainties which are attributed to such systems.
The report [3] states that EurAAP will continue to carry out such comparisons, as such we believe it can be agreed that for passive antennas the different antenna test ranges identified can be regarded as providing the same results (within their stated measurement inaccuracy)
2.2 Passive and Active Antenna measurement
The measurement of the passive systems varies in way the far field is approximated. 
Anechoic far field chamber ensures the distance between the DUT and the measurement antenna is large enough so the far field is achieved (i.e. 2D2/λ).
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Figure 2. Far field anechoic chamber -  passive antenna measurement

The CATR reduces the distance between the test antenna and the DUT by using a parabolic reflector to calumniate the field so that it appears to be flat when it reaches the DUT
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Figure 3. CATR -  passive antenna measurement

The Near field measurement system measures the near field and uses well know near field to far field transforms to mathematically calculate the far filed response. This facilitates using multiple probes (in a ring) in order to speed up the measurement.
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Figure 4. Near field system -  passive antenna measurement

The 1D compact test range uses a phase shifting feed system to an array which generates a simulated far field.
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Figure 5. 1D compact test range -  passive antenna measurement

Figures 2-5 show that when measuring a passive antenna then each system is an RF in RF out system. Generally the antenna can be regarded as reciprocal and have the same response in both transmit and receive (assuming frequencies are the same). The measurement equipment can take the form of a network analyser.
In an AAS the fundamental difference is that the system is not RF in and RF out, for Transmit measurements the AAS generates its own signal so is effectively BB in RF out. In receive the system is RF in and BB out.
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Figure 6. Far field anechoic chamber -  AAS measurement

Figure 5 shows the far field anechoic chamber with an AAS as the DUT. The AAS is controlled by an external baseband and a controller to ensure it is transmitting or receiving as required (in the same way a conducted test is carried out). For a transmitter test the measurement equipment will be a power measurement device (power meter or spectrum analyser), and for the receiver the measurement equipment will be a signal generator. 
So the differences between the passive antenna measurement and the AAS are:

· Transmit and receive are separate and require different test set ups

· In transmit

·  the measurement is an absolute power measurement (rather than a differential for the passive measurement).

· The signal source is the AAS (inside the chamber) and is a modulated test signal (e.g. E-TM1).

· In receive

· The signal source is RF outside the chamber and is modulated at a absolute level equivalent to sensitivity

· The AAS BS is the receiver and demodulates the signal to give a throughput as output.

These differences between AAS measurements and passive antenna measurements result in different calibration procedures and error budgets between passive antenna measurements and AAS measurements. For example the differential accuracy of a NA is greater than that of the absolute measurement accuracy of a spectrum analyzer.

It should also be noted that many of the inaccuracies associated with measuring modulated output power and sensitivity are well known as they are the same as when measuring these parameters with a conducted interface.

However in all the cases the errors due to the chamber are the same for the passive antenna system as they are for the AAS.
2.3 Sources of error

It has been assumed so far that a passive BS antenna and an AAS are somewhat equivalent when used inside the proposed OTA chambers. This is of course only true under certain circumstances:

· Frequency ranges are assumed the same.

· Antenna size and directivity are similar.

· AAS structure does not interfere with the measurement.

Most of these limitations exist on the chamber, the size and accuracy of the quite zone is very important and the DUT whether passive antenna or BS must be within the limits of the chamber.

It is likely that AAS systems may be larger than passive antenna systems particularly in azimuth where multiple column antennas may be tested. This is likely to be an issue for the 1D test chamber in particular.

These errors however are not unknown, they are features of the measurement system, the maximum size for the DUT for a chamber is known and the system is calibrated over that area. For example errors in the quite zone calibration and residual errors after calibration are included in the measurement uncertainty calculations, for the CATR these are; errors 3 and 13.
Any limitations to the capability of the proposed systems are also captured in the TR [2] under the ‘test limitations and scope’ section.
3 Summary
The issue of the equivalence of the different OTA test methods currently identified for testing the AAS OTA requirements has been investigated. It has been shown that
· Extensive studies have been carried out (and are ongoing) on the different systems for measuring different  passive antennas, these have shown that the different methods can be considered equivalent

· The differences in measuring a passive BS and an AAS in the OTA test chambers is due to the external measurement equipment and signal sources. The differences are common to all OTA techniques and hence do not invalidate the findings of the chamber comparisons using passive antennas

· Physical differences in AAS antenna’s and passive antennas may impact on chamber accuracy but these changes are covered in the chamber error analysis and the list of test limitations and scope in the TR [2].

Proposal: As long as any chamber has been calibrated and a full uncertainty analysis has been carried out and the result is within the agreed upon measurement uncertainty value, it can be considered and equivalent measuring.
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