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1 Introduction

During RAN4#68bis, RAN4 discussed and recognized the need for radiated requirements and approved a way forward listing issues to contribute and discuss further in forthcoming meetings [1]. One of the topics in the list is the type of test signal used for OTA testing, and in particular whether a modulated signal or a continuous wave (CW) signal is the most suitable option. This contribution outlines some considerations to take into account when deciding on the type of test signal.
As discussed in [2], in order to create a flexible and implementation independent means of defining and declaring a TX power requirement, we propose that a vendor specific declaration should be made of the set(s) of cell specific beams that a basestation supports, some parameters of the beams, and the maximum configurable EIRP for each beam. The requirement itself is on the accuracy with which each declared beam meets it’s declared EIRP. 
Verification of the requirement will involve testing that with one or a number of test signals the EIRP is met. The test signal applied to each beam may be a modulated signal (i.e. an LTE or WCDMA carrier), a series of modulated signals, but could also be a continuous wave signal.
2 Discussion

The use of a CW signal in characterizing antenna gain and radiation pattern parameters using radiated testing is a well known and well used technique. CW signals are compatible with a variety of test facilities, such as outdoor range, compact indoor far field range and near field scanning techniques. The response of an antenna apparatus at a particular frequency with a CW signal is (ignoring PIM effects) identical to the response with a modulated signal.

With an AAS system, the response of individual antenna elements will also not depend on whether a CW signal or a modulated signal is applied. As discussed in [3], the array pattern of an AAS is a product of the integrated basestation system, including transceivers, RDN, the antenna array and the housing. Of particular interest is whether the response of the transceivers is identical when a CW signal and a modulated signal is applied. If the gain and/or phase response of the transceivers would differ between a CW signal and a modulated signal, then the radiated beam would also differ depending on the type of signal applied and thus measurements made with a CW signal would not be fully valid for verifying the behavior of a basestation radiating 3GPP signals.
Applying a CW signal to a PA is a first stage of testing of PA operation and to a first approximation, the gain and phase behavior of the PA at the frequency in question should not differ between CW and a modulated signal. Of course, with a CW signal intermodulation products will not be generated, which will impact very slightly the level of output power on the frequency under test.

In a basestation system, however the PA is likely to be embedded within a number of control loops taking care of aspects such as gain control, linearization and calibration. Due to the fact that the beam pattern is dependent on the performance of these loops, care must be taken to evaluate whether it can be expected that all aspects of transceiver behavior will be the same, both for existing transceiver designs and for eventual future transceiver designs in integrated AAS systems.
A further aspect that should be taken into account is how and where the CW is generated. In principle, the CW needs to be generated in baseband in order to be subject to exactly the same configuration and signal conditioning as is the case with a modulated signal.

There is little difference between a modulated signal and a CW signal when performing measurements with an outdoor range or compact far field indoor range. Current near field scanner based equipment is based on detecting the gain and phase of a CW signal, and thus a modulated signal is not directly compatible with current equipment capabilities. Thus the main advantage of defining a CW test signal is compatibility with current near field scanner equipment.

The potential for future near field scanner techniques to be compatible with modulated signals should be considered further. Furthermore, as discussed in [4], there appear to be some more fundamental issues in using a CW signal to evaluate radiated sensitivity in uplink. If the advantage of CW in DL is test facility availability, then DL should not be evaluated independently of uplink.

3 Conclusion

The advantage of defining a CW test signal in downlink is that it is compatible with near field scanner measurement technology. This advantage may not remain the case in the future, and may be compromised by issues with CW and near field based evaluation of radiated receiver sensitivity in the uplink.
The main risk with using a CW test signal is that the behavior of the transceiver system differs from behavior when a modulated signal is applied; such a difference would compromise the validity of measurements made on the radiation pattern using CW in verifying radiated TX power using a modulated signal. Careful evaluation should be made of the risk of current or future transceiver technologies differing in their response to CW and modulated signals.

It is likely to be impossible to guarantee with 100% confidence that for all types of system, CW will in the future always be a valid means of assessing radiated performance. Thus a further aspect of the evaluation should consider whether the potential benefit of the immediate availability of an additional type of test facility outweighs the risk (dependent on the level of risk) of an unrepresentative test signal into the future.
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