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Introduction
In response to the agreement on the need for OTA testing of AAS base stations, a method for characterizing the AAS radiation pattern using CW signals was proposed in [1]. Supporting material was presented in [2]. This paper is submitted in response to questions regarding the efficacy of this methodology which were raised during RAN4#69.
Discussion

Methodology

The measurement methodology basically consists of instructing the base station to transmit a CW signal, and recording the received level at a reference antenna which is connected to a spectrum analyzer. The base station is mounted on a powered mounting post which can be instructed to rotate via digital command. The measurement process consists of commanding the mounting post to rotate to a known angle, recording the received level, and proceeding to the next rotation point. This methodology is suitable for a variety of test ranges, but it is expected that the quality of the test range will influence the accuracy and repeatability of the measurement. The methodology may be adapted to field measurements where permissible assuming that the resulting accuracy would be acceptable.
Equivalence of CW and modulated signals as stimulus for measuring radiation pattern

Preliminary measurements have been made comparing the results when modulated and CW signals are used as the signal source for radiation pattern measurements. The following data for vertical (elevation) radiation pattern was collected on a compact antenna test range using both WCDMA and CW signals. The WCDMA signal level at the antenna connectors was set to 40W for the baseline measurement. After collecting the data with the modulated source, the CW signal level was adjusted to produce the same maximum EIRP as was recorded with the modulated signal. The absolute difference between the measurements is shown in Figure 1.
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Figure 1. Difference between radiation patterns measured with CW and modulated transmitter signals
The graph presents data over the portion of the antenna pattern including the main lobe which is strictly within 25 dB of the maximum antenna response. Data collected in portions of the pattern where the response was more than 25 dB from the maximum naturally show greater differences. This is mainly due to the dynamic range of the measurement equipment and partially due to the influence of noise on the measurement results. Multiple trials of measurements performed with modulated signals (or with CW signals) would show similar differences. It should be noted that portions of the radiation pattern which are more than 25 dB below the maximum response are of minimal interest in coverage prediction and planning.
Relevance to standardization activities

As has been noted elsewhere, operators have traditionally relied on antenna radiation pattern data for system planning.  The application of the pattern data to a coverage area, along with known transmitter power and/or receiver sensitivity was a straightforward, if difficult, task. 

Benefits of AAS are that the radiation pattern can be dynamically adjusted and/or adapted to the coverage problem at hand. It is thus difficult to imagine the coverage planning process for AAS as an exercise of mapping (static) field strengths. The value of a single view of a radiation pattern is thus questionable. AAS manufacturers are thus more likely to need to share a great deal more radiation pattern data than what has been shared in the past for varieties of configurations and applications. The purpose of radiation pattern characterization with respect to 3GPP standardization must therefore be clarified.
Conclusions

The use of CW signals as a signal source is show to be suitable for characterizing AAS radiation patterns. The methodology produces similar results to what is obtained using modulated signals, but in a RAN-neutral fashion. Should RAN4 decide that radiation pattern data must be a part of standardization, it is recommended that CW-based measurement should be further evaluated as a candidate methodology.
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