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1.
Introduction
This is a resubmitted version of a contribution submitted to RAN4#68 in Barcelona [7]. This version continues the discussion about the challenge when breaking up radiated performance evaluation in a combined conducted/OTA test.
The testing of radiated core RF requirements requires access to an antenna test-range necessary to capture antenna characteristics as mentioned in a companion contribution [4]. The conducted performance is captured in a port by port fashion as described in current test specifications. The conducted performance will not capture the full base-station performance in terms of radiated power and radiated sensitivity, however the conducted performance measured in a port by port fashion together with antenna characteristics be used to estimate the maximum bound excluding implementation losses and losses caused by interaction between antenna and transceiver.

The process required to capture radiated characteristics may vary between different approaches. Some basic ideas will be described in this contribution.

2.
Discussion
There are two main ways of capturing the radiated performance in terms of radiated output power and radiated sensitivity. These two approaches are called active test or combined test. The active test the whole BS is tested actively in an antenna test range. The combined test consists of a conducted part in combination with a passive characterization of the antenna array in an antenna test range. The passive antenna measurement can be done as described in [8, 9].
There are two identified approaches measuring radiated characteristics:

1. A test of conducted transceiver array RF core performance combined with radiated test of antenna array characteristics in an OTA test range.

2. An active radiated test of the complete AAS BS in an OTA test range.

Both approaches require access to a calibrated [5] antenna test-range. A difference between the two approaches is that for approach 1 the antenna array is characterized passively while for approach 2 the AAS BS will be characterized actively. For passive the measurement a CW signal is commonly used to characterize the antenna, while in an active measurement a modulated signal is used. In an active test the whole AAS BS is placed as a complete system in an antenna test range. The RF core performance characteristics are measured using real signals relevant for a common deployment. The active test will capture the overall performance of the BS, minimizing the number of error sources.

Another way is to break down the AAS BS into a passive antenna array and a transceiver array and characterize these parts independently. This contribution will elaborate the discussion in the area of testing under the assumption the both approaches shall capture the same characteristic’s minimizing errors related to a specific test approach. 

At a first stage this contribution will introduce mutual coupling as a factor to be handled using the combined test method. This contribution continues the discussion about a potential 2-stage measurement approach called “combined conducted and OTA approach” described in a reference document [1] presented at RAN4#62bis in Jeju.

Before starting the analysis of how to measure RF core requirements it is necessary to recapitulate the relation between RF core requirements defined at transceiver boundary and radiated RF core requirements. Influenced by IEEE the relation between power delivered at ARP connectors and radiated EIRP is shown in figure 2.1. A similar gain and directivity flow can be done for EIRS.
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Figure 2.1: Gain and directivity flow
, where parameters in the figure are:

Ptx = Total power delivered to array antenna
Pa = Total power accepted by array antenna
Pr = Total power radiated from array antenna
Gr = Realized gain
G = Gain
D = Directivity
 = Array antenna matching factor
 = Array antenna radiation efficiency
EIRP = Equivalent Isotropic Radiated Power

From figure 2.1 it can be seen that EIRP will depend on realized gain (Gr) and total power delivered to array antenna (Ptx). The total power delivered to the array antenna is calculated as the sum of all power delivered at each ARP connector. However the challenge is to determine the realized gain of an array antenna capturing element matching, mutual coupling, dissipative losses, polarization mismatches and other phenomenon related to the array configuration. 

Power distribution over TX ports is necessarily not similar to the one used for conducted maximum output power, since when radiated output power is measured amplitude tapering could be utilized. This means the 2-stage approach described in this paper required a second set of conducted power measurement. In general EIRPmax is calculated as: 
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,where  depends on matching and polarization mismatches and  depends on dissipative losses. It shall also be mentioned that the matching factor and directivity depends on array excitation.

For an array antenna with a uniform amplitude excitation and element separation of 0.5 a coarse approximation of EIRPmax can be written as:
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Even if the number of elements (N) and element directivity (De) is declared the implementation loss is not captured, therefore we suggest not using this simplification and instead utilizing the full characterization of the system with one of the two proposed methods.

Measuring total power delivered from the transceiver array at all ARP connects captures phenomenon such as true value of delivered power including output power accuracy and possible amplitude tapering. Amplitude tapering will affect the directivity since the aperture efficiency will be affected and the total power delivered to the array antenna. Measuring the power at the connector will not give any information about the phase excitations for each element. The phase relation between ports will affect directivity. This phenomenon is used when the beam is scanned using a linear phase taper weighting. Beam control using linear phase taper weighing have been shown in another contribution [6] and for simplicity also used as assumption for co-existence simulations in RAN4 AAS SI/WI. Starting the discussion we need to define an interface where to split the AAS BS. Figure 2.2 shows the splitting between transceiver array and antenna array. In the further discussion in this contribution we will focus on transmitter characteristics and especially the relation between output power at a single ARP connector and EIRP is far-field. A similar analysis can be done for EIRS, but is left out from this contribution. 
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Figure 2.2: AAS BS Block diagram
From the figure we can see that the transceiver array has N ARP ports. To minimize uncertainties no combination using a splitter/combiner will be used, instead the signal per port in characterized. Also it can be seen that the array antenna is characterized per element meaning that each element is characterised with a radiation pattern. To capture the loss associated with antenna element matching, the return loss (S11) is required per antenna element port. To fully characterize the matching loss of an array antenna the full scattering matrix S must be measured. The scattering matrix will hold information about the mutual coupling of the array antenna. It shall be noted that the scattering matrix is of dimension [NxN] and defined as: 
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The combined approach can therefore utilize this property of the antenna array by separating the testing of the antenna array and transceiver array. It must be mentioned that for large arrays with many elements the effort to measure the full scattering matrix will be substantial.
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Figure 2.1: Combined conducted and OTA testing
The combined conducted and OTA approach testing consists of 3 main steps:

1. In the first step the antenna array is characterized per port as a passive device.

2. In a second step the transceiver array is characterized per port.

3. The final step is to merge characterized performance from antenna array and transceiver array to create the composed radiated performance of the system.

In first step of the combined conducted and radiated test, the characterization of the antenna array can be performed by measuring embedded element factor for each element in the array and embedded scattering matrix at the array antenna. The outcome of these measurements captures all characteristics of the antenna array including phenomena such as mutual coupling and element matching. Measuring the antenna characteristics an antenna test range is required for OTA testing of the passive antenna array. If the antenna and transceiver are to be integrated then it is possible that the mutual coupling and element patterns could be different a measurement on the array part only and the fully integrated system. So depending on the design, characterising the array passively may not be sufficient.
The output from the transceiver characterization consists of:
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is the element factors of each element in the array antenna. The element factor is the field strength generated by a single antenna when all other elements are terminated to 50 ohm. The element factor is defined for angles 
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In step 2 the performance of the transceiver array is characterized per port. The output signal generated by the transceiver array is characterised by capturing amplitude and phase as:
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 is the phase at each ARP connector.

In step 3 the output data from step 1 and step 2 is feed to a processing stage where the total radiated performance in terms of EIRP is calculated. The exact mathematical description and associated expression of the calculation is given in a reference document [3]. 

Splitting up radio and antenna characterization into two independent tests excludes the possibility to capture RF self-interference in EIRP. The self-interference could potentially be generated by ground plane affects caused by the radio itself and wide-band noise generated by the radio.

In terms of required input data the combined test method needs following:

1. The transmitted signal per port at the transceiver array must be captured to get array antenna excitation.

2. The [NxN] scattering matrix is required to capture matching loss.

3. N active element radiation patterns are required to capture individual element radiation pattern, coupling loss and dissipative loss.

All these parameters are needed to capture the AAS BS characteristics. This shall be compared with doing an active radiated measurement of the complete AAS BS.

If not the antenna characteristics are include when testing output radiated power an uncertainty factor will be added. Early simulations show that matching and coupling easily can degrade EIRP several decibels. Added to this variation it is not likely to believe that maximum conducted power can be used to derive radiated power since amplitude tapering will be applied in some form. Finding a proper test method requires more investigation regarding impact of mutual coupling and other phenomenon making it difficult to separate the transceiver array and antenna array.

3.
Conclusion

In this contribution we deepen the discussion about a potential method of capturing radiated performance of an AAS BS using a combined conducted and radiated approach. The method combines the conducted measurement at ARP with radiated OTA measurements performed on a passive array antenna. If the number of elements is reasonable large this could be a potential test approach. From a measurement time perspective it is more suitable to use the active measurement approach, since this only requires one measurement in the antenna test range.

Further work is required to validate that both methods presented in this contribution generates similar results.

A test method for testing AAS RF core performance should capture impact caused by interactions between transceiver array and antenna array, since mutual coupling can cause problem in transceiver array, the phase progression will cause variation in array efficiency and calibration sub-system could be affected separating the BS into two independent identities such as transceiver array and antenna array.

The analysis in this contribution was focused on capturing mutual coupling characteristics in the combined conducted/OTA test proposed for testing radiated performance. Impact of other effects such as RF self-interference needs to be studied further.  
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