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Discussions   
1 Introduction
Current RAN4 discussions focus on deriving the new applicable RF requirements for BS with AAS. In RAN4#62bis, the uplink receiver blocking and the transmitter ACLR have been decided to be the initial focus of the simulation studies. In [3], we have outlined the simulation methodology and considerations on the two requirements. 

Once the required ACLR and Rx Blocking are obtained, verification of system compliance of these requirements would rely on the test methodology. 

In [1], we have presented a combined test approach that consists of both the conducted and OTA test methodology. The main aspect of this approach is to take advantage of both the spatial measurements capability of the OTA approach and the straight forward processing and simplicity of the conducted approach. 

To recap from [1], the combined approach can therefore utilize this property of the antenna array by separating the testing of the antenna elements and the active transceivers unit using a 2-step approach. In the first step (antenna validation), the spatial radiation properties of the passive part of the antenna are captured by means of an OTA testing. This spatial property is then fed into the second step, where validation of the single transceivers is performed. 
In this contribution, this combined conducted and OTA test approach is explained further. 

2 Motivation 
For a BS with no AAS, when the signals of the single antenna elements are combined in the RF domain and the resulting RF signal is fed to a single receiver, the antenna pattern relevant for the blocking case is that of the resulting passive antenna array (superposition of the patterns of the single antenna elements). However, for BS with AAS, with each single antenna element is connected to a receiver, the antenna pattern that is of relevance is that of the single antenna element. Using the example of receive blocking, this is because each receiver has an AD converter that could be blocked by the signal received by the corresponding antenna element. 

Figure 1 shows the difference in the gains (marked as Δg) when the patterns of the antenna array and the single antenna element are compared.
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Figure 1: Difference in antenna gain between composite and single element pattern. 

3 Test Methodology

The previous section shows that the spatial gain of the AAS can be represented by the difference between the composite and single element gain given by Δg. Δg this value can be derived directly from the comparison of the antenna patterns in a certain spatial direction. Or in other words, this step has to be done as OTA measurement. However, since the mechanics of the passive antenna parts is reproduced with a defined tolerance during the mass production, it is sufficient to carry out this measurement with only one example (or a few examples to take into account statistics) in a phase independent from the mass production.

Since Δg is dependant on the spatial direction, the following options can be considered:
1. Determine the maximum of Δg over the whole antenna pattern (i.e. over all elevation and azimuth angles) and use this value to adjust the power level of the blocking signal for the conducted tests: 

a. This would require high effort to measure at a high number of azimuth/elevation angle combinations; 

b. It is furthermore not necessary because blocking signals can be assumed to come from a small spatial range only (e.g. not from above the horizon but just from a small spatial section below the base station).
2. Define just a subset of azimuth/elevation angles where Δg has to be determined

This approach requires much less effort during OTA testing and is on the other side much more realistic to take into account the real deployment in the field. Thus we propose to go this way and to define in RAN4 the spatial section where the antenna patterns have to be recorded in order to derive Δg.
Figure 2a and 2b show the test setup on which Δg can be measured using the general AAS radio architecture to illustrate the approach. This validation step can be performed with one or a few implementations of the antenna design intended for RF compliance testing. 
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Figure 2a: OTA Antenna Validation – Passive Antenna Array Gain (Step 1)


[image: image3]
Figure 2b: OTA Antenna Validation – Single Element Gain (Step 1)

The second step (Step 2) is then based on conducted testing shown in Figure 3 below.
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Figure 3: Conducted Test of the Active Transceivers (Step 2)

4 An example: Receiver Blocking Test
Using the receiver blocking test to illustrate this approach, Figure 4 shows the test as it is performed as per the Release 10 specifications that is applicable for BS with AAS. In general, the wanted and the blocking signal can be generated separately and superposed by means of a combiner 
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Figure 4: Example of Receiver Blocking Test for the Case of LTE
From Step 2, each transceiver for the AAS has to cope with a blocker signal which has Δg dB higher power level than according to the standard. That means that at each receiver input, a blocker power level of -43 dBm (as stated in the current specification) + Δg dB has to be applied and the performance defined in the blocking requirement has to be fulfilled. This is shown in Figure 5 below.
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Figure 5: Conducted Testing with the adjusted Power Level of the Blocking Signal (Step 2)
It should be noted that the wanted signal received by the single antenna element would also experience a gain difference due to the difference between the passive array gain and the single element gain in the direction of the main lobe i.e. the direction to the edge of the cell. However, this gain offset is compensated by the digital beam forming gain resulting from the coherent combining of the wanted signal in the digital domain [3].

5 Conclusions

In this contribution, we have provided further explanation of the proposed combined OTA and conducted test approach. This approach results in the optimum compromise between reasonable test effort and meaningful tests of AAS. It furthermore addresses the concerns raised by proponents of the OTA approach by ensuring that the spatial behavior of AAS is adequately accounted for in the test. 

We propose that RAN4 takes this approach into further consideration to derive the requirements and tests for AAS. Details like the question in what spatial directions Δg has to be measured should be discussed further and the motivation should be described in the TR. We have drafted in [2] a text proposal to include this approach as one of the feasible test methodology in the TR.
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