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1. Introduction

At last meeting a way-forward for eAAS was agreed [1]. The way-forward suggested to define spatial ACLR on total radiated power. 

This contribution describes the definition of spatial ACLR as a power ratio between TRP for neighbouring emission and TRP of the desired signal. At the first glace the expression can be expressed as a ratio between two triple integrals. However, using modern test equipment and far-field OTA test approach allows testing of spatial ACLR in a time efficient manner.

2. Discussion

For non-AAS base station ACLR is a figure of merit that describes the maximum allowable spectral regrowth in the adjacent channel at the RF connector. It is attributed to nonlinearities in the transceiver array. The main contributor to ACLR is third order nonlinearity distortion. Traditionally ACLR have been defined as the ratio of power in a given bandwidth at a certain offset in the lower or upper adjacent channel to the power in the desired signal channel as:
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Where S(f) is the power spectral density including both emission and desired signal, fc is the carrier frequency, B is the channel bandwidth and f0 is the offset frequency around which the adjacent channel power is integrated.

At the last meeting a way-forward pointed out that spatial ACLR based on TRP should be considered. As we all know TRP is defined as:
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, where EIRPp1 and EIRPp2 is associated to two orthogonal polarizations. 

The consequence is that spatial ACLR is a ratio between two triple integrals over frequency and two spatial angles. The complete mathematical expression for spatial ACLR can be expressed as: 
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Even though the mathematical expression for spatial ACLR is a complex function there is no need to worry. The frequency domain can easily be handled by introducing total EIRP per channel bandwidth B for the desired signal and the emission.
In an OTA test facility, the power meter is replaced or complemented with a spectrum analyser. Modern spectrum analysers can measure the channel power for the desired signal and emission in the neighbouring channel simultaneously in real time as shown as an example in Figure 2-1.
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Figure 2-1: Spectrum analyser ACLR measurement
By introducing TRPe as the power on the emission within the neighbour channel and TRPd as the power of the desired signal. The spatial ACLR can therefore be defined as:
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It is expected that the radiated power from the desired signal is concentrated to a direction per declaration of a specific beam, while emission in the neighbour channels tends to be spread out spatially, but could potentially also have some beam-forming depending on how correlated the emissions are. 
In this contribution we assume that TRPe and TRPd is calculated from EIRP(,,f)  samples measured in an anechoic chamber as described in [2].
From theory TRP can be approximated by sampling total EIRP over the sphere as; full-sphere uniform sampling, orthogonal axis sampling or constant area sampling. The number of spatial samples will determine the total time required to measure spatial ACLR in an anechoic chamber. What approach and corresponding grid resolution to use to limit the number of EIRP sample points must be carefully analysed. The sampling grid resolution will determine the systematic error compared to the true TRP based on knowledge of directivity. 
From antenna theory it is known that the EIRP sampling grid resolution used to calculate TRP maintaining a certain systematic error depends on the spatial characteristics of the signal to be observed from the test object. For spatial ACLR this means that we need to consider the sampling grid resolution for the desired signal (TRPd) and for the neighbour channel noise (TRPe) separately. It is reasonable to be leave that different sampling grid resolutions are required for the desired signal and the emission since the spatial characteristics are supposed to be different. 

For AAS base stations with antenna arrays where it is supposed to direct the beam within a specific coverage area (e.g. +/- 90 degrees in azimuth domain and +/- 60 degrees in the elevation), EIRP samples outside the intended coverage region is very low. The coverage area is visualized in Figure 2-2 as a red cone. Inside the red cone EIRP samples must be measured, while samples outside could eventually be set to a fixed pre-determined EIRP level to conserve test time. More ideas on how to reduce the number of required EIRP samples is described in a companion contribution [3].
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Figure 2-2: DUT located in spherical coordinate system

Intended radiation associated to the half-sphere corresponding to the backside of the AAS base station is typically suppressed 30 dB or more with respect to maximum radiated power in the front direction. This means that angles corresponding to the backside of the base station could be fixed to a specified value for desired signal power and neighbour channel emission power and therefore not measured. 
Since spatial ACLR is created from TRPd and TRPe it is important to analyse the measurement uncertainty related to spatial EIRP samples required to calculate TRPd and TRPe. One approach is to consider the signal-to-noise ratio at the measurement receiver (in this case a spectrum analyser). Let’s assume a test object where the radiated beam power is 60 dBm EIRP. The path-loss (L-Grange+L1) in a compact antenna test range can be assumed to be 50 dB, according to Figure 2-3. 
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Figure 2-3: Test setup and corresponding link budget

For an EIRP sample at the beam peak of the desired signal the power at the measurement receiver within the channel bandwidth is 10 dBm. Also, if the emission level is 45 dB below the wanted signal it would correspond to an EIRP sample corresponding to a neighbouring channel to be at -35 dBm at the measurement receiver. It can be noted that the path-loss in the antenna test range approximately corresponds to the attenuator value used measuring conducted ACLR using a spectrum analyser. Some margin in the link budget is required to allow for the case where emission is non-correlated. 
For some spatial sample points the measured emission signal is not determined by the emission due to the test object, instead the noise floor of the measurement receiver will be recorded. As long as the measurement receiver noise floor is well below the expected emission level, it will not affect the measurement uncertainty. Spatial ACLR can be measured in an anechoic chamber (e.g. CATR) as showing in Figure 2-3 using the test procedure shown in Figure 2-4.
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Figure 2-4: Test procedure

Since the EIRPd(,) is measured together with EIRPe(,) using spectrum analyser, it is reasonable to believe that the sampling grid resolution should be determined in a way that TRPd is captured correctly. 
3. Conclusion

This contribution describes the background of spatial ACLR and some aspects on to test it in an OTA test facility. Using modern spectrum analysers instead of a power meter makes it possible to measure spatial ACLR in a traditional OTA far-field test range. 
For each spatial point EIRP for the desired signal and neighbour emission is measured per polarization. All EIRP data is then used to calculate spatial ACLR based on TRP as described in this contribution.
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