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1 Introduction

In recent RAN4 meetings, test methods have been a hot topic in AAS. Many methods were proposed to test AAS RF requirements. These methods mainly include individual transceiver test methods, passive combiner test methods, RF test hat methods and OTA test methods. [1] summarized the advantages and disadvantages of every test method. This contribution mainly discusses the necessity of OTA and how to realize it.  Text proposals for TR [2] are included for approval.
2 Discussions
2.1 The necessity of OTA test
In previous meeting, the necessity of OTA test is proposed [3-5]. OTA test is introduced to AAS due to AAS’s unique features. One of consideration in OTA test is test environment. Actually, it is easy to be obtained by operators, because it is only changed slightly based on existing antenna test environment. However, if the conductive test is adapted, there will be too many limits in hardware structures, for examples, antenna connectors will be added into AAS structures, or coupling test points will be added into AAS structures, which limit the technology development of AAS future products. 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 relative to vector weighting at antenna ports, antenna numbers and antenna structures. If the power only is tested at the antenna connector and antenna gain is given, the product structures and deployments will be limited. If passive antennas are tested, firstly feed networks with all kinds of vector weighting will be needed. Secondly, OTA test will still be needed to test passive antennas. Therefore, conductive test impacts greatly the technology development of AAS future product, and OTA test is necessary for AAS.
2.2 OTA testing methods for AAS requirements
OTA testing can be realized in anechoic chamber or outdoor open field. All of RF requirements in 3GPP can be measured based on passive antenna measurement environment and can be done in terms of EIRP, Equivalent Isotropic Radiated Power, and EIRS, Effective Isotropic Reference Sensitivity. Passive antenna measurement environment only needs to be changed slightly in the measurement instrumentation for AAS. Traditional 3GPP RF requirements can also be converted to OTA testing requirements directly, which is not complex.
In OTA testing, the measurement instrumentation should 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 would be required to remove path loss from transmission measurement between two reference antennas, as shown in figure 1.  The calibration procedure is important because it will determine 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 1 OTA test environment calibration
When measuring transmitter performance, AAS is connected to baseband processor unit and is set up to transmit signals. Adjust the direction of AAS to point to the reference antenna 2. The reference antenna 2 is connected to frequency spectrum analyzer. Signals are produced by baseband processor unit, radiated to space by antennas in AAS, received by the reference antenna 2 and captured by frequency spectrum analyzer, as shown in figure 2. Through the process, 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 2 Testing downlink RF requirements by OTA test methods
When measuring receiver performance, AAS is connected to baseband processor unit and is set up to receive signals. Adjust the direction of AAS to point to the reference antenna 2. 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 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 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. OTA testing is feasible for AAS.
3 Conclusion
This contribution discussed the necessity of OTA test for AAS and how to realize OTA testing for AAS. It is proved that OTA testing is feasible for AAS.
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8.2
AAS test methodologies

8.2.1 OTA test methodology

OTA testing can be realized in anechoic chamber or outdoor open field. All of RF requirements in 3GPP can be measured based on passive antenna measurement environment and can be done in terms of EIRP, Equivalent Isotropic Radiated Power, and EIRS, Effective Isotropic Reference Sensitivity. Passive antenna measurement environment only needs to be changed slightly in the measurement instrumentation for AAS. Traditional 3GPP RF requirements can also be converted to OTA testing requirements directly, which is not complex.

In OTA testing, the measurement instrumentation should 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 would be required to remove path loss from transmission measurement between two reference antennas, as shown in figure 1.  The calibration procedure is important because it will determine 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 1 OTA test environment calibration
When measuring transmitter performance, AAS is connected to baseband processor unit and is set up to transmit signals. Adjust the direction of AAS to point to the reference antenna 2. The reference antenna 2 is connected to frequency spectrum analyzer. Signals are produced by baseband processor unit, radiated to space by antennas in AAS, received by the reference antenna 2 and captured by frequency spectrum analyzer, as shown in figure 2. Through the process, 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 2 Testing downlink RF requirements by OTA test methods
When measuring receiver performance, AAS is connected to baseband processor unit and is set up to receive signals. Adjust the direction of AAS to point to the reference antenna 2. 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 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 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. OTA testing is feasible for AAS.
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