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1. Introduction

Previously in the discussion related to OTA unwanted emission practical test aspects have been presented in [1, 2]. Testing OTA unwanted emission requirements will require new test approaches to be adopted or available test methods to be modified. The requirements part of OTA unwanted emission will use TRP as key parameter. TRP is the total radiated power and have traditionally been used by 3GPP RAN4 to characterise UE transmitters capability to radiate the wanted signal power, including transmitter, antenna, and encapsulation. Now also, TRP have been adopted as key parameter for OTA unwanted emission for integrated AAS base stations in NR. This means that RAN4 needs to find a test method capable of measuring TRP emission level within the spurious region defined from 30 MHz to upper emission limit. 
In a contribution presented at earlier meetings [3], issues related to measurement distance and lowest detectable levels have been discussed. In this contribution, some aspects related to testing OTA unwanted emission is described. At the end of the contribution a text proposal for TR 38.xyz, Annex is attached for approval.  
2. Discussion

It’s clear the aspects related to measurement distance and spatial measurement grid are fundamental aspects for measuring TRP. The details of those aspects are captured in a companion contribution [2].

Based on traditional OTA test environment similar to traditional far-field, near-field test ranges for antenna testing and radiated EMC testing, a test method for OTA unwanted emission have been developed. The intention with this contribution is to introduce a test method for measuring OTA unwanted emission ranging from 30 MHz up to the upper emission limited of about 2nd harmonic. 

A test method for OTA unwanted emission should allow for having adaptive sampling grids for measurements at a measurement distance ranging from the far-field region to near-field region covering the whole spurious frequency region. 
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Figure 2-1: Test setup in anechoic chamber
A measurement antenna is placed in the chamber at a distance corresponding to an acceptable SNR level for the measurement receiver, while the measurement antenna and test object are located outside of each other’s reactive near-field zones. A band stop filter is used to protect the measurement receiver from the wanted signal. The LNA is used to increase the dynamic range for the measurement receiver. The setup is illustrated in Figure 2-1. 

The measurement antenna shall preferably be dual-polarized in order to measure two orthogonal polarizations at the same time. Otherwise, the measurement process should be repeated for two orthogonal polarizations.

Since testing of OTA unwanted emission is new for RAN4 and there are no test methods established, RAN4 needs to develop test methods suitable for testing unwanted emission generated by test objects operating at arbitrary frequency with arbitrary size. 

The aspects related to test object size and operating frequency directly relates two fundamental aspects;

1. Measurement grid selection

A dense full-sphere grid will result in a very large number of measurements to extract TRP per frequency, while a sparse grid requires a few measurements. For unwanted emission, the sampling grid cannot be static over frequency for a reasonable overall test effort. Therefore, a test approach where the sampling grid is changed over frequency is required.

2. Measurement distance

The measurement distance will be determined by the SNR required for the measurement receiver to detect the emission level, and the combination of the size of the test object and the wave length (aka. the electrical size D/). It is not possible to always assume the measurement distance to be set by the far-field criteria for the whole spurious emission frequency range. A test method for unwanted emission must be able to measure TRP close to the test object and far way with acceptable measurement uncertainty. A solution is to define TRP based on power density, where TRP based on EIRP is a special case when the far-field criteria if fulfilled as proposed in a companion contribution [5]. 
Measurement on a dense full sphere grid can be extremely time consuming when the source dimensions are much larger than the wave length. However, when the sources of radiation have low correlation and the average value is to be assessed, it is well known [4] that the element pattern will dominate the total pattern. Therefore, a considerably sparser grid compared to the worst case dense grid can be used to reduce the overall test time. 
When determining TRP of emissions from an AAS test object the source locations are not known. What can be regarded as known is the dimensions of the region where sources are likely to be positioned. In most cases the full dimension of the entire test object should be considered. Instead of finding the peak of each emission component a solution to simplify testing is proposed. The solution to address this problem is based on a statistical approach. Where the measured TRP is compensated with factor TRP, where TRP is a function of selected sampling grid, D/ and correlation between radiators. In the conformance test specification, the TRP can be listed in a table for relevant parameters. The exact relation between TRP and sampling grid, D/L and correlation is not presented in this contribution.
A test method for OTA unwanted emission have been presented earlier in [2]. The intension with this text proposal is to create a place in the TR to be able to capture aspects to consider when the test setup, test procedure and measurement evaluation is later documented in the TR/TS.

The grid selection concept is vital for testing unwanted emission. Therefore, is suggested to capture relevant aspects of OTA emission test methodologies in an Annex in the TR 38.xyz. The information will be used later in conformance test phase when test methods are established. 

At the end of this contribution a text proposal is attached for approval. The text proposal introduces an Annex in TR 38.xyz to capture background information relevant for test method capable of measuring OTA unwanted emission.
3. Conclusion

In this contribution, aspects related to development of new test methods for OTA unwanted emission have been presented. The intension is to capture relevant information in TR 38.xyz, Annex as background information to be used when the conformance test specification is created. 
At the end of this contribution a text proposal for TR 38.xyz, Annex is attached for approval.
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[Text proposal]
Annex A:
Aspects related to measurement of OTA unwanted emission
A.1
Test range

To avoid measurement chamber influence on the result, use of a Shielded Anechoic Chamber (ShAC) is preferable. The test object is mounted on a positioner, see Figure A.1-1. The positioner is used to move the test object according to the sampling grid. A measurement antenna is placed in the chamber at a suitable distance. To be able to measure emission with in the spurious domain (30 MHz to upper emission limit to be defined), the measurement antenna may not be located within the far-field region for all frequencies. Therefore, the measured quantity is power density in the near-field region and EIRP in the far-field region.  


[image: image2]
Figure A.1-1: Principle test rage setup

For EIRP, the measurement equipment and instrumentation is calibrated using the substitution approach using as defined reference antenna (e.g. Standard Gain Horn). For power density, a similar approach is used to calibrate the measurement equipment. A band stop filter is used to protect the measurement receiver from the wanted signal. The LNA is used to improve the noise figure of the measurement receiver. 

The measurement antenna shall preferably be dual-polarized in order to measure two orthogonal polarizations at the same time. Otherwise, the measurement process should be repeated for two orthogonal polarizations.

A.2
Test Procedure

In this section, the test procedure part of the test method for OTA unwanted emission is described. 

A.2.1
Sampling grid selection
The grid selection comprises two decisions: 

1. Selection of a measurement grid type; Two cuts or Sphere;

2. Selection of spatial sampling grid step of the measurement points. 

Both decision impacts the additive margin TRP in the assessment of the measured TRP value. 


[image: image3]
Figure A.2.1-1: Spherical coordinates and device dimensions

The following steps shall be taken for grid selection:

a) Measure the device dimensions, i.e., depth (d), width (w) and height (h) see Figure A.2.2-1.

b) Calculate the spherical and cylindrical diameters (D and Dcyl) as:
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c) Calculate the reference angular step for each emission frequency using (1), (2) and the wave length 
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ref and ref are defined as minimum of 15o and the value calculated based on the device dimension. This is to ensure that the sampling step is not larger than 15o. These reference values are required angular steps for accurate TRP assessment with no grid dependent error.

The largest accepted value of the reference angular steps is 15o. Steps c) to i) are repeated for each emission frequency. The results and quantities in these steps are frequency dependent. However, this dependence is not explicitly written out. 

d) Select the spatial sampling grid. These choices are based on, e.g. the available turn-table and its accuracy, and the measurement time. Choose the actual measurement steps: ref<<15o and ref<<15o. This means  and chosen between the reference steps and 15o.
e) Select the grid type, sphere or two orthogonal cuts.

f) Calculate the sparsity factor SF as:
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The sparsity factor is the ratio between the selected angular steps  and  and the reference angular steps. Check that the sparsity factor does not exceed the maximum allowed sparsity factor (SFmax). If the sparsity is exceeded, return to step d) and select new angular steps.

g) Measure the power density or EIRP on the selected grid. At each point on the grid: two orthogonal polarizations must be measured.

h) Calculate the TRPsparse from the measured power density or EIRP values.

i) Determine the appropriate TRP based on the grid type, SF, electrical size (D/). The TRP is a function of multiple parameters extracted from simulations. Further analysis is required. The result may end up in a table in the test procedure. 

j) Calculate measured TRP as:
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k) If the TRP limit is exceeded and it is possible to enhance the grid to reduce TRP, repeat steps d) to h) with a new grid.

A.2.2
Measurement distance
FFS

[The end of text proposal]
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