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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.

To create a flexible and implementation independent means of declaring an uplink radiated receiver sensitivity that is useful for planning, we propose that the vendor declare the viewing angles associated with a set of cell coverage areas, and the minimum radiated receiver sensitivity in each area. In order to detect radiated sensitivity, BER or BLER may be used as a figure of merit; for radiated testing BER may be more suitable [2].

Verification of the requirement will involve testing that a defined BER/throughput is met when radiating at the declared sensitivity level within the declared coverage area.

Two types of signal have been discussed for assessing UL radiated sensitivity; CW and a modulated signal (i.e. LTE or WCDMA)
2 Discussion

The conducted reference sensitivity level in the current specifications relates to the noise floor in the receiver. The requirement captures the minimum signal level that, when presented to the antenna connector should be detectable. “Detectable” in this context implies that after passing through analogue and digital processing prior to baseband, the SNR is suitably large enough that it can be usefully detected and processed in baseband. As a measure of whether or not the signal is detectable and useful in baseband, typically a reference sensitivity requirement states that a minimum BER or throughput must be met when the minimum signal level is applied.
With a conventional basestation, a passive antenna gain in dB can be added to the reference sensitivity level in order to derive a minimum radiated reference sensitivity. For an AAS system, the radiated sensitivity is a property of the antennas, RDN, transceiver functionality and baseband processing in combination. A radiated requirement is then needed for reference sensitivity with an AAS.

Means of testing radiated sensitivity of an AAS might include an outdoor range, an indoor compact far field range and a near field scanning based technique. The near field technique is commonly used together with a CW signal for assessing the response of a passive antenna system.

Measuring a radiated sensitivity differs from measuring a radiated passive antenna response in that it is measuring the combined response of the antenna array and transceiver processing, and the receive signal level will be very low and, without some form of signal detection processing, undetectable.
Figure 1 indicates a receive chain highlighting some important components that are influenced by the type of signal (and missing out other important components that are not the subject of the discussion in this paper).
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Automatic gain control
Most receivers are likely to employ some form of automatic gain control in order to cover the full dynamic range that may be presented to the receiver. The mapping between mean signal power and AGC gain may depend on the peak to average ratio of the signal, and thus in principle if a CW is applied the AGC may operate suboptimally and the signal may experience a different level of e.g. quantisation noise to a modulated signal.

Although the requirement will be on radiated EIRP within a main lobe, it should be noted that if attempting to measure a 360 degree antenna response for an AAS, the AGC would influence the measurement. As the UE moves between the main lobe, nulls and sidelobes of the antenna element or modules the AGC will adjust, and thus the apparent level of sidelobes may appear larger than intended. Such an effect would not necessarily occur in an operational system in which a wanted signal would be received in the main lobe with interference in a sidelobe, since the AGC would adjust according mainly to the RX power for the wanted signal in the main lobe, and the sidelobe rejection would in fact be much larger than that measured in a 360 degree characterization. If the AGC behavior would differ between CW and a modulated signal, then the measured sidelobe level could differ even further from the main lobe level
Further attenuation stages in the receiver

Following the LNA, some receivers may apply further attenuation that depends on the large and small signal properties. It is entirely possible that the attenuation applied to a CW signal could differ from that with a modulated signal. This would not necessarily impact a sensitivity measurement (which depends mainly on the relationship of the received signal to the noise floor), but could impact any attempt to measure “equivalent gain”

Baseband processing

The baseband processing will typically detect pilots and do channel estimation on receiver branches and apply some form of combining, and then detect the incoming signal. If a CW signal would be transmitted, it is likely that specialized baseband processing would be needed to detect the gain and phase of the CW. It would be unclear how the output of a baseband detecting a CW would relate to the ability to achieve a reasonable BER or BLER with a modulated signal. Furthermore, not only is developing a specific baseband receiver functionality for the purposes of testing undesirable, it is also counterproductive since the resulting sensitivity and array characterization will not be fully based on the normal operation of the basestation.
3 Conclusion

This paper has considered a number of issues relating to the choice of a suitable signal for UL reference sensitivity measurement. The advantage of a CW signal is that it enables use of the near field scanning technique with existing technology. However a CW signal may not be suitable for determining receiver sensitivity, since it would undergo different detection and combining processing and it could prove difficult to estimate a good figure of merit analogous to BER. Furthermore, CW might not be useful for measuring an “equivalent gain” between the far field and baseband since the behavior of the transceivers could easily differ between CW and a modulated signal.

Further consideration should be made on the potential for developing a near field technique based on modulated signals in the future
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