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1 Introduction

During RAN4#69 work continued on defining core requirements and conformance tests for transmitter power for AAS. It was agreed that a requirement will be set on at least EIRP of beams that are declared to provide at least cell wide coverage [1]. Also discussed was the type of signal that should be used for testing the requirements, and in particular whether the signal should be an LTE or WCDMA signal, or a CW signal is sufficient for testing. In this document, we review some of the issues relating to the test signal and propose a way forward for progressing the discussions.
2 Test signal issues to consider
The purpose of setting requirements and conformance tests on basestation equipment is to ensure legal, predictable and reliable behavior of the equipment when deployed. To achieve this goal, the current requirements in general relate to operational modes of the basestation. Some requirements (such as spurious emissions, ACLR etc.) are applicable for any configuration of the basestation. Other requirements (such as reference sensitivity) are defined for a particular configuration, but are designed such that meeting the requirement with the defined configuration gives a reasonable basis for assuming that the requirement would be met in a similar manner for other configurations. The configuration in the core specs for defining requirements such as reference sensitivity must be designed to give sufficient requirement coverage for all operational modes.
xx.141 contains conformance test specifications that detail specific test configurations that can be used to demonstrate that a a basestation meets the xx.104 requirements. It is not possible to test all operational modes; the test configurations must be designed to provide a sufficient test coverage with a reasonable time, cost and complexity.

Thus there are two issues to consider when deciding on the appropriate means of defining a core requirement and test:

· Does the requirement apply for all operational modes of the basestation, or are the configurations for which the requirement is defined sufficient to give confidence that basestation performance can be predictable ?

· Do the conformance tests provide sufficient test coverage ?

These issues will be considered further in the context of the discussion on CW and modulated signal based radiated requirements and tests in section 3.

Apart from this general consideration, there are some further specific considerations in regard to the signal type:
Array efficiency

The quantity that is of interest for network planning is the amount of power that the basestation is able to deliver. Thus it is important to capture not only the relative radiation pattern of the antenna system (i.e. some kind of gain in dBi) but also the power losses associated with the integration of the transceivers and antenna elements. One example of a source of losses is impedance matching. The impedance matching between transceiver and antenna is frequency dependent; thus the losses on a CW at one frequency will differ from those at another frequency and from a wideband modulated signal. A second issue that can affect array efficiency is mutual coupling, which can have an impact on transceiver behavior. Thus it should be considered carefully whether a CW based power measurement is correctly capturing the power that the basestation radiates in operational mode.
Measured power quantity

The maximum output power of a basestation is relevant when it is measured based on a signal for which all other requirements, and in particular emissions are met. A CW will produce a much lower level of emissions (in particular, IM related emissions) than a modulated signal. Thus a CW can radiate at a much larger power than a modulated signal, since the latter can only be transmitted at a power level that is such that emissions are not exceeded. 
Beamforming impacts

As discussed in [2], when a basestation is performing coherent beamforming, then maintaining amplitude and phase coherency is critical to achieving good gain and sidelobe performance. Transceiver PAs are often subject to a number of control loops, such as linearization and calibration, which have the potential to behave differently and impact the coherency properties between a CW and a wideband signal. Furthermore, amplitude and phase weights at the transmitters can be set more accurately for smaller signal bandwidths; thus more accurately for CW than wider bandwidth signals. There is some risk, therefore of beamforming performance differing between a CW and a wider bandwidth signal.
Receiver sensitivity

In the receive direction, the parameter that is of importance for network planning is the sensitivity. Similarly to the transmit direction, the sensitivity of an AAS is not just a sum of an antenna gain in dBi and a conducted sensitivity, because the power efficiency of the AAS integration needs to be considered. Similar considerations apply e.g. with regard to the variation of impedance matching.
Furthermore, self interference from the transmitter can have a significant impact on receive sensitivity. This impact will not be seen if the transmitter is using a narrowband signal, or the receiver is narrowband or both.
Test facility impact
Several types of test facility have been discussed for radiated testing of AAS basestations. Indoor far field facilities can utilize both CW and modulated signals for testing in general. Spherical near field scanners are today typically based on CW; new test gear would need to make gain and phase estimates from pilot signals. Outdoor test ranges may or may not be compatible with modulated signals, depending on the availability of frequencies that are used for testing.
3 Proposal
AAS basestation technologies are likely to develop and improve in the future, with increasing amounts of integration and new beamforming based applications. It is important that requirements are specified that always cover what is relevant to operational behavior, and that do not set false design requirements that lead to the need to optimise designs toward non operational mode characteristics in order that the requirements can be met. To achieve robust and future proof core specifications, we propose that basestations always be required to meet declared radiated power and receive sensitivity requirements with a modulated LTE and / or WCDMA signal.
Conformance tests need to be specified for the core requirement. It may prove to be the case that for some types of basestation architecture, a CW based test might be able to be used to demonstrate that a modulated signal requirement can be met by the equipment. This would be the case if the modulated signal and CW behavior are equivalent and there is a means of verifying that that is the case, and the measurement uncertainties associated with the CW method would be reasonable.

Thus we propose that the AAS WI continue with considering test methods with both modulated signal and CW and characterizing their validity, applicability and measurement uncertainty.

Proposal 1: The AAS core requirements for TX power accuracy and radiated sensitivity assume a modulated signal
Proposal 2: Test method development for conformance tests that demonstrate that the equipment is capable of meeting the requirements continue considering both CW and modulated signal types
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