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1. Introduction

At the last RAN4 meeting (RAN4#86 in Athens) we presented a test procedure for OTA unwanted emission [1, 2] for NR WI and eAAS WI for Release 15. Testing OTA unwanted emission will require new test methods to be adopted to minimize complexity and test time while ensuring an accurate TRP measurement. In theory, TRP implies making measurements around the whole sphere in an anechoic test environment or in a reverberation test environment. In the case of anechoic test environment, measurements may be made on a more finite and sparse grid and potentially excluding some directions in which unwanted emission will physically not radiate. 
For now, it should be stressed that TRP does not necessarily need to be measured on a very fine grid around the whole sphere for capturing unwanted emissions with acceptable measurement uncertainty. Also, the fine measurement grid might be needed only for the emissions which are identified to be close to the limits. A pre-scan procedure can also be considered, aiming to identify the important emissions before considering the TRP measurement.

This contribution will focus on configuration of the test object during testing of OTA unwanted emission. The configuration of the test object is essential with respect to overall test time required for OTA unwanted emission.  

2. Discussion

Traditionally, conformance testing has some standardized tools to guarantee strictness, repeatability, and testability. For some requirements physical synchronization interfaces are required, such as TDD OFF power. To secure down-link performance the concept of test models has been developed. The test models, describes details related to the modulation and resource block allocation to secure the statistical properties of the signal. For the up-link a similar concept, called Fixed Reference Channels (FRC) defined. 
In Figure 2-1, some of the test functions required by RAN4 BS conformance specifications are visualised.   
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Figure 2-1: Test functionality overview
Traditionally, the test object is configured by using the concept of test models. A test model is a defined test signal, which known power statistics (in terms of peak-to-average ration) for a certain resource block allocation. Different requirement will be tested using different test models. For E-UTRA all test models share the following attributes:

· Defined for a single antenna port, single code word, single layer with no precoding.
· Duration of one frame (10ms).
· Normal cyclic prefix.
· Localized virtual resource blocks, no intra sub-frame hopping for PDSCH.
· Cell-specific reference signals only; no use of UE-specific reference signals. 

The data content of the PDSCH is generated from a sequence of zeros scrambled using a pseudo random data (e.g.  length-31 Gold code), as are the reference signals and the primary and secondary synchronization signals. The physical channels PBCH, PCFICH, PHICH and PDCCH all have detailed definitions. For each test model every physical signal and physical channel is allocated into the channel at a specific power relative to the reference signal power. There are several different mappings for each test model to take account of the different channel bandwidths
For requirements defined at the antenna reference point at a physical connector parameter such as the peak-to-average ratio for the wanted signal is of great importance for unwanted emission. The concept of test models needs adaptations for the NR waveform. Typically, active components will generate unwanted emission, such as intermodulation, harmonics of the wanted signal and mixing products. The intermodulation will generate mixing products affecting the spectral properties close the carrier (spectrum re-growth) and emission in the spurious domain. Harmonics is typically related to multiples of the carrier frequency. The carrier can also mix with the local oscillator frequency and intermediate frequency in different combinations, such as the 2RF-IF and other mixed combinations of RF, IF and LO.  

The spatial distribution of the emission will depend on the wanted signal antenna excitation. It can be showed that the direction of intermodulation components has different direction than the wanted signal. Unlike present concept of test models, also spatial aspects need further considerations for OTA unwanted emission. Using the current concept of test models would lead to a static excitation of the array antenna resulting in a fixed beam direction of the wanted signal and associated emission beams. Measuring emission power level properly means that the emission peak is identified spatially. Finding emission peak direction would require spatial scanning consuming test time.
Therefore, it is suggested to include spatial dynamics of the wanted signal beam directions to spread out the wanted signal and also emissions spatially. By introducing a test model where the wanted signal beam direction is changed within the intended service area, would also spread emissions. This case is more similar to real operation and makes emission testing more efficient. The total test time for a certain emission is depending on two factors, one is the reference angular steps and the other one can be the number of antenna configurations that are going to be tested. We have noticed that the value of unwanted emissions TRP is depending on the beam position and the frequency of the emissions. This implies searching for the worst-case configuration (i.e. the beam position that corresponds to largest TRP for unwanted position) at every emission frequency. Moreover, this implies testing the test object under static conditions while it will operate under dynamic conditions. 
To get a reliable test method with low risk to miss emissions we propose to use a test model with dynamic beam pointing direction for the wanted signal instead of a spatially static test signal.  In Figure 2-2, the TRP dependence of beam index for the wanted signal (f0), 2nd harmonic (2f0) and 3rd harmonic (3f0) is plotted. 
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Figure 2-2: Example of TRP dependence on used beam
The variation of TRP in Figure 2-2 is caused by mutual coupling between elements. 

The effect of using a dynamic wanted beam, instead of a static beam configuration is can be seen by studying the convergence as function of spatial samples in Figure 2-3. Here the error in TRP is plotted as function of sparsity factor (SF) for full sphere and two cuts grids. For both grids, beam sweeping will result in significantly smaller errors, especially if larger SF is considered. This reduction in the number of samples, combined with the fact that only one configuration must be tested, will significantly reduce the total testing time and complexity. Regarding the 2-cut grid, it is noteworthy that the individual beams can lead to large error, while the beam scanning average leads to an overestimation error of around 2 dB regardless of SF. These results are obtained by simulations but been verified by real lab measurements.
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Figure 2-3: An example of TRP accuracy versus sparse sampling when a fixed beam or a beam sweeping is used.
The upper figure is based on full sphere sampling and the lower on a two-cut grid. The right side of the grey background rectangle corresponds to angular step of 15 degrees. The beam of the AAS BS shall be swept between the declared maximum beam positions during one Beam Sweep Period (BSP). The beam switching time between beams must be at least as short as used in real operation. Each angular position must be kept for the minimum duration of one BSP. It is recommended to keep the angular position for as many BSPs as practically possible. The recorded power values shall be compensated for the used duty cycle of the transmitter. Information on how to trigger the test signal, as well as the total transmitter BSP shall be supplied by the manufacturer.

During the measurement process the average of the radiated power flux from different beam setups are measured at each measurement point. This averaging match well with the fact that TRP is a spatial average of the measured values at different directions. If instead maximum value is to be recorded for each point during the beam-sweeping, the resulting TRP estimate will be an overestimate by a wide margin.

The dynamic array excitations may consist of sweeping amplitude and phase progression to each antenna element, which would control the beam direction related to the wanted signal. The approach to change direction could be one of following:

1. Walk through the code-book or set of fixed beams.
2. Select a sequence of random directions.

As long as the beam is controlled within the intended service area maintaining the ERIP accuracy requirement, defined in TS 37.105 and TS 38.104. This would lead to that the beam-forming directivity is reduced from the composite array directivity to the average element gain. Which means that the emission is spatially spread, which is beneficial from an OTA testing perspective.
The beam directions should be switched using the same speed and directions used for normal operating, e.g. spreading SS block signal within the intended coverage area. 
The test function would spread emission and therefore simplify the conformance testing effort. Instead of finding peak directions over the whole sphere the sampling grid can be simplified to cardinal cuts. 

3. Conclusion

In this contribution we elaborated around the need for a new test function which includes a spatial dynamic behaviour for OTA unwanted emission. Such test functionality would significantly simplify testing and secure acceptable measurement uncertainty. 

Based on the traditional concept of test models, it is suggested to also include beam sweeping to add dynamic change of array excitation to spread out narrow emissions. It can be showed that the beam-sweeping results in an over estimation of TRP not more than 2 dB, while testing beam peak would result in much larges errors.   
The intension with this contribution is to collect feedback on the feasibility of introducing the described concept of beam sweeping part of the test models needed for OTA unwanted emission. 
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