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1 Introduction

Many methods for AAS RF test were proposed tin recent RAN4 meetings. These methods mainly include individual transceiver test methods, passive combiner test methods, close field coupling (such as the RF test hat) methods and far field OTA test methods. The advantages and disadvantages of every test method were summarized in [1]. Whereas, in view of the requirement of the AAS test, the AAS test items can be classified into spatial performance test and RF parameter test. This contribution discusses the far field OTA method for spatial performance test. Text proposals for TR [2] are included for approval.
2 Discussions on Far field OTA test
The test items of an AAS can be classified into two categories:  one is the spatial performance test, such as the measurement of the scan range and beam shape of the synthetic beam; another is the RF parameter test, such as the ACLR of an individual RF channel or the ACLR as the synthetic results of multi RF channel.  The far field OTA test is suitable for the spatial performance test of the AAS, while the close field coupling test is suitable for the RF parameter test of the AAS. Although the far field OTA test can be used for both the spatial performance and the RF parameter of AAS, one efficient test scheme is that the far field test only  adopted for the spatial performance test and leave the RF parameter test to close field coupling test or to the conductive test.  
In the previous meetings, the necessity of far field OTA test was proposed [3-5]. OTA test is a suitable way to handle the overall spatial radio performance of AAS. One concern regarding the OTA test is the test environment which is not always available. Another concern regarding the OTA test is the test procedure which is time consuming. However, there are also some limitations with conductive test for examples, antenna connectors will be added into AAS structures, or coupling test points will be added into AAS structures, which will increase the complexity of the AAS RF structure. In addition, if the active transceivers and antennas are tested individually, the RF requirements tested at antenna connectors cannot inflect directly the product feature and passive antennas will still be tested by OTA method. For an example, transmitter power is a function of the following item:  the vector weighting at antenna ports, the antenna numbers and the antenna structures. If the transmission power of an AAS is measured at the antenna connector, the overall spatial power distribution will be unknown. If passive antennas are tested as well, the following two problems will occur: 1) feeding network with all kinds of vector weighting will be needed; 2) OTA test will still be needed to test passive antennas. Therefore, besides conductive test, far field OTA test is also required for AAS.

For OTA test, both the far field test and the close field test can be taken as candidate method. 

Compared with the conducting test, the far field OTA test does not have to do the test specific RF port design in AAS. Thus, not only the AAS RF structure can be simplified, but the test efficiency and cost are also acceptable.
3 Conclusion
This contribution discusses the methods of far field OTA test for AAS based on the classified spatial performance test and the RF parameter test. Since the mechanical and electrical performance of the passive antenna array is stable in the massive production, so the consistency of the passive antenna array can be ensured. There for the spatial performance test can be carried out with a few sampled AAS sets. In this way, the time consumption of the far field OTA test can be greatly decreased.

A text proposal is given bellow based on the discussion in [6].
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Text Proposals
<Start of TP>

8.2
AAS test methodologies

8.2.2 Far field OTA test methodologies for AAS
Far field OTA testing of AAS can be realized in anechoic chamber or outdoor open field. The far field OTA test for spatial performance of the AAS is like the traditional passive antenna measurement environment in terms of EIRP(Equivalent Isotropic Radiated Power), and in terms of EIRS(Effective Isotropic Reference Sensitivity). In the case of AAS test, the environment for passive antenna measurement only needs to be changed slightly in the measurement instrumentation for AAS. 
The spatial performance test of the AAS mainly including the items to characterize the performance of the synthetic beam, such as, the beam steering capability, the beam steering accuracy, the synthetic beam gain, 3dB main lobe width, front-to-rear ratio, etc;

Based on the measured beam pattern with the relative values under the test environment, the environment under which the AAS is tested can be calibrated. Based on the calibration, the absolute value to characterize the spatial performance of the AAS can be obtained. The absolute value include: EIRP（Effective Isotropic Radiated Power）and EIRS（Effective Isotropic Reference Sensitivity）
It has been pointed out that the mechanical and electrical performance of the passive antenna array is stable in the massive production. This means the consistency of the passive antenna array can be ensured. There for the spatial performance test can be carried out with a few sampled AAS sets. In this way, the time consumption of the  far field OTA test can be greatly decreased.

For far filed OTA testing, the measurement instrumentation mainly include signal generators, frequency spectrum analyzers or power meters, rotating pedestals, reference antennas, etc.  The reference point should be at Uu interface. For this configuration, a calibration procedure  is required to remove path loss from transmission measurement between two reference antennas, as shown in figure 8.2.2.1.  The calibration procedure ensures the accuracy of measurement. The calibration parameter is calculated according to following formulas:

Py - Px = Lx + (Ly - Gh + Ls) - Gs                                                                                    (1)

ΔPc = (Lx - Gh + Ls) = Py – Px - Ly + Gs                                                                         (2)
Py is the power produced by the signal generator.

Px is the power captured by the frequency spectrum analyzer or the power meter.

Gs is the gain of the reference antenna 1 which is connected to the signal generator.

Gh is the gain of the reference antenna 2 which is connected to the frequency spectrum analyzer or the power meter. 

Ly is the insertion loss of cable 1 in transmitter link. 

Lx is the insertion loss of cable 2 in receiver link. 

Ls  is the space loss in OTA measurement environment. 

ΔPc is the calibration parameter.

The calibration parameter will be used to calculate EIRP, EIRS and RF requirements. 
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Figure 8.2.2.1 OTA test environment calibration
When measuring transmitter performance, AAS is connected to baseband processor unit and is set up to transmit signals. The boresight direction of AAS points to the reference antenna 2. The reference antenna 2 is connected to frequency spectrum analyzer. The transmission signals are produced by baseband processor unit, and the RF signals are captured by frequency spectrum analyzer through the reference antenna 2, as shown in figure 8.2.2.2. Through the process described above, all of transmitter RF requirements can be achieved by testing EIRP. EIRP is calculated according to following formula:
EIRP = Pt + Gt = Pg + (Lx – Gh + Ls) = Pg +ΔPc                                                           (3)

Pt is rated output power of AAS. 

Gt is the gain of antennas in AAS. 

Pg is the power captured by the frequency spectrum analyzer.
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Figure 8.2.2.2 Testing downlink RF requirements by OTA test methods
When measuring the receiver performance,. The reference antenna 2 is connected to signal generators. Signals are produced by signal generators, radiated to space by the reference antenna 2, received by antennas in AAS and captured by the baseband processor unit. IQ signals are demodulated in the baseband processor unit and BER (Bit Error Rate) or throughput is achieved. When measuring ACS, ICS, intermodulation and blocking requirements, interference signals are produced by another signal generator which is connected to the reference antenna 2 by combiners, as shown in figure 8.2.2.3. Through the process, all of receiver RF requirements can be achieved by testing EIRS.  EIRS is calculated according to following formulas:

EIRS(dBm) = Rs (dBm) - Gr (dBi) = Ps - （Lx - Gh + Ls）= Ps – ΔPc                            (4)

Rs is the power level captured by AAS. 

Gr is the gain of antennas in AAS. 

Ps is the power transmitted by signal generators in meeting specific BER or throughput.
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Figure 8.2.2.3 Testing uplink RF requirements by OTA test methods
As a result, all of transmitter and receiver RF requirements can be measured at Uu interface by OTA test method.
<End of TP>
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