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1. Introduction

The OTA spurious emissions limits for UEs are specified by [1]. As TRP is the selected metric for spurious emissions, test time becomes a very critical issue [2] for FR2 transmitters in particular. Furthermore, OTA testing suffers from frequency-dependent reduction of available signal-to-noise ratio at the measurement receiver due to increasing free space path loss for higher frequencies. Now, the key for reducing test time and to improve the SNR at the measurement receiver is the measurement resolution bandwidth (RBW). Unfortunately, RBW has conflicting impact on both, the test time and the SNR. While an increasing RBW reduces test time on the one hand, it decreases the SNR on the other hand.
This contribution proposes a spurious emissions test method which addresses this conflict by dynamic selection of the RBW.

2. Discussion
Problem description
According to [3] the frequency range for measurements of unwanted emissions for devices operating in FR2 (fundamental frequency range) is 30 MHz up to the 2nd harmonic.
According to [4] the lowest detectable EIRP emission level can be expressed as
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which includes the frequency-dependent path loss Lpath and test setup specific parameters like the measurement antenna gain Grx and the measurement receiver’s noise figure F. The margin M is related to the uncertainty of the power level measurement that can be achieved. The remaining variable parameter is the bandwidth B, which corresponds to the measurement resolution bandwidth RBW in logarithmic terms, i.e., 
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Assuming an upper fundamental frequency edge at 43.5 GHz, there is a need to measure spurious emissions up to 87 GHz according to [3]. For that example, Figure 1 depicts the Tx spurious emissions limits for UEs (red solid line), for the frequency range from 30 MHz to 87 GHz (Note: logarithmic scale). With the assumption of an OTA measurement range of 1 m the spurious emissions measurement receiver (e.g. spectrum analyzer) needs to take into account the frequency-dependent free space path loss Lpath(f), accordingly. This is illustrated in Figure 1 by subtracting Lpath(f) from the Tx spurious emissions limits (dashed lines). For clarity, the effects of frequency-dependent antenna gain and cable losses have been omitted in Figure 1 but would be determined in an actual calibration step of a measurement.
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Figure 1: 3GPP NR FR2 spurious emissions limit with and without subtraction of free space path loss at 1m distance in the frequency range from 30 MHz to 87 GHz 
The green dashed line depicts the Displayed Average Noise Level (DANL) which represents e.g. the noise floor of a spectrum analyzer at the specified RBW, typically -105 dBm/100 kHz and ‑95 dBm/MHz, for a high performance spectrum analyzer [5]. Now, the distance between the dashed red line representing the spurious emissions limit minus path loss and the DANL line provides the available measurement margin or signal-to-noise ratio (SNR). The latter obviously decreases with the measurement frequency. Consequently, in order to maintain a minimum SNR with increasing measurement frequency, the RBW needs to be reduced accordingly.

Observation 1:

There is a need for reducing the RBW with increasing measurement frequency in order to maintain a minimum SNR (measurement margin). Thus, constant RBWs as in legacy spurious emission measurements are not optimal.

However, for the sake of minimizing the measurement time, it is desirable to use the maximum possible RBW at any measurement frequency. For a given maximum noise level (e.g. Tx spurious emission limit with a certain measurement margin M) and a known noise floor of the measurement setup, the optimum RBW can be calculated according to [6] as
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Observation 2:

The optimum RBW with respect to test time is a function of the Tx spurious emission limit referred to the input of the measurement receiver and of the measurement receiver’s noise floor. Thus, fixed RBWs are very inefficient.
Measurement method using dynamic RBW

According to observations 1 and 2, it is desirable to select the RBW dynamically throughout the Tx spurious emissions measurements in order to minimize the test time while ensuring a  minimum SNR.
Example for a measurement procedure based on dynamic bandwidth selection:
1.
Assessment of the frequency-dependent total noise floor of the used measurement setup (e.g. spurious emissions measurement receiver).

The result of an OTA calibration stage is combined with the spurious emission limit, the total noise floor and a margin in order to derive the applicable maximum resolution bandwidth according to equation 2.
This step is only needed to be carried-out for calibration.

2.
Spurious emission measurement sweep to detect possible spurs using the frequency-dependent maximum measurement bandwidth determined in step 1.
3.
Accurate measurement of in step 2 detected spurs with the resolution bandwidth of the minimum conformance requirement. To improve sensitivity, the resolution bandwidth may be smaller than the requirement bandwidth according to TS 38.101-1 Clause 6.5.3 [1].
4.
Repeat steps 2 and 3 for all measurement points of a [TBD] measurement grid.

5.
Ensure that each identified spur is measured with the requirement bandwidth (or equivalent) at each measurement point. Calculate TRP for each identified spur and check against the conformance requirement.
Proposal: 
In order to minimize the test time of Tx spurious emissions measurement, use dynamic RBW in the test procedure.
3. Conclusion
In this contribution the conflict between test time reduction and maintaining a minimum SNR is addressed by proposing a spurious emissions test method based on dynamic selection of the RBW.
Observation 1:

There is a need for reducing the RBW with increasing measurement frequency, in order to maintain a minimum SNR (measurement margin). Thus, constant RBWs as in legacy spurious emission measurements are not optimal.

Observation 2:

The optimum RBW with respect to test time is a function of the Tx spurious emission limit referred to the input of the measurement receiver and of the measurement receiver’s noise floor. Thus, fixed RBWs are very inefficient.
Proposal: 
In order to minimize the test time of Tx spurious emissions measurement, use dynamic RBW in the test procedure.
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