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1. Introduction

At last meeting in Hangzhou (RAN4#83) practical test aspects related to measurements of OTA unwanted emission was discussed. A new test concept was presented in [1]. Also, the measurement noise floor for EIRP/TRP measurements was discussed in [2].
This contribution elaborates around the lowest detectable emission level to be measured maintaining acceptable measurement uncertainty. 
2. Discussion

The capability of measuring unwanted emission with an acceptable measurement uncertainty is determined by the test method in mind and corresponding test procedure. It is reasonable to assume that different test methods will achieve different level of performance in terms of measurement uncertainty, test time and repeatability, just to mention a few characteristic’s. 

Fundamental aspects for measuring OTA unwanted emission is measurement distance and noise floor of the measurement receiver. The test distance is the distance between the test object and the test range antenna or probe antenna. This distance will cause a propagation loss to the emission to be measured, which will affect the lowest detectable emission level for a specific test method. 
OTA unwanted emission is generally defined using TRP as figure of merit. There is a strong relationship between TRP and EIRP and radiation intensity as described in [3]. The emission levels of individual requirements part of OTA unwanted emission are indicated in [4].
In Figure 2-1, a general test setup related to test method for measuring OTA unwanted emission is presented. 
[image: image1.emf]
Figure 2-1: Principle test setup for unwanted emission
The test object, often referred to DUT or EUT is placed at the positioner. The positioner is used to rotate the test object allowing EIRP or radiating intensity measurement samples to be measured over the sphere enclosing the test object. The measurement samples are then used to calculate TRP as described in [1].
Generally, for EIRP, the path loss (Lpath) is set by the selected measurement distance under condition that the far-filed criteria are met. As described in [3], the measurement distance required for TRP does not directly relate to the size of the test object or the far-field criteria. The background is that TRP can be expressed as either;
· In the far-field region, TRP is the angular average EIRP over the sphere calculated as:
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· In the near-field region, TRP is the angular average power density multiplied with the area of the measurement sphere around the test object, calculated as:
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In the far-field region classical definitions such as gain, free-space path loss and EIRP is defined, allowing simple link budget calculations to be done. However, the far-field criteria cannot be fulfilled over the whole emission frequency range in a realistic test facility. Therefore, it’s unavoidable to not also include emission measurement in the near-field region.
Minimizing the test distance will have a direct impact on the lowest detectable emission level. But other means to conserve the dynamic range of the spectrum analyser (or other measurement receiver) is also required. Typically, a notch filter is placed after the range antenna. The notch filter suppresses the high power wanted carrier signal to conserve the dynamic range in the measurement receiver. After the notch filter a LNA is placed to improve the overall noise figure of the measurement receiver. 
In the far-field region TRP can be seen as the surface average of spatial EIRP samples, which means that for some directions the emission is lower than average and in other directions the emission is higher than the average. Therefore, a margin between the lowest detectable EIRP with respect to lowest detectable TRP is required to maintain acceptable measurement uncertainty. If not, the noise generated by the measurement receiver will be dominant for directions outside the intended operation range of the test object (e.g. backward direction), which will degrade the overall measurement uncertainty. 
The lowest detectable EIRP emission level required to maintain acceptable TRP measurement uncertainty can be expressed as:

[image: image4.wmf]M

L

G

F

B

kT

EIRP

path

rx

+

+

-

+

+

=

0

min

, where the parameters are defined as:

k is Boltzmann’s constant equal to 1.38.10-23 J/K and T0 is the room temperature of 290 K. In logarithmical scale kT0 is -174 dBm/Hz.

B is the resolution bandwidth of the spectrum analyser set to 100 kHz. In logarithmical scale B is 50 dBHz.
F is the noise figure of the measurement receiver including the spectrum analyser and the additional LNA. The noise figure is set to 20 dB.

Grx is the antenna gain of the measurement antenna. In this case Grx is set to 2 dBi. The reason is that the measurement antenna must be small to allow for a measurement distance to be set to 1 m. Also, 2 dB corresponds to an antenna dipole with physical dimension similar to a single antenna element.
In the far-field region, the free-space path loss, Lpath is set by the measurement distance and wave-length as:
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, which as an example for d equal to 1 m and  = 0.15 m (corresponding to 2 GHz) gives Lpath equal to 38 dB. The measurement distance is set to 1 m since that corresponds to radiative near-field for the complete test object, but to the far-field for a single element. Assuming emission being un-correlated the far-field criteria is fulfilled.
M is a margin required to allow variation of EIRP samples around the average. The margin is needed to allow lower EIRP values than the average. The margin is set to 10 dB.

Assuming the values on described parameters the lowest detectable emission level, EIRPmin is calculated as:

EIRPmin = -174 + 50 + 20 – 2 + 38 + 10 = -58  dBm/100 kHz. 
The analysis in this contribution gives some guidance on the capability for a specific test method to be used to measure low TRP values in the far-field region. Is shall be noticed that all values given are just examples, other values can be assumed which would change the result
Also, the measurement for meaning the TRP based on power density samples in the near field region is of great interest but outside the scope of this contribution.
The lowest detectable TRP emission level can be optimized by minimizing the measurement distance to reduce the path loss in the test range. In the far-field region, a simple link budget calculation gives some insight to parameters that affects the measurement sensitivity of a typical OTA test range for measuring spurious emission.
3. Conclusion

At previous meetings information [2] about lowest datable TRP emission level have been presented. In this contribution, some additional background information on how to determine the lowest detectable TRP level for a specific test method was presented. Using the given example values on parameters an indication of the lowest detectable TRP level is calculated to - 58 dBm/100 kHz. 
For OTA unwanted emission based on TRP, the measurement sensitivity can be increased by reducing the measurement distance further by doing measurements in the near-field region.
Since co-location unwanted emission requirements are redefined for OTA unwanted emission, the results in this contribution shows that remaining emission levels for OTA unwanted emission can be measured OTA using established test methods. Some further analysis is required to also investigate the sensitivity level in the near-field region.
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