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1 Introduction
The paper reports the lab results of the transmitter spatial characteristics, particularly the correlation analysis and the impacts on transmitter spatial characteristics. 
Lab experimental results are of great value to validate the transmitter spatial characteristics, as well as to establish the reference model for simulation study. 

The following lab results are reported in this paper:

1) The correlation analysis and the impact on the transmitter spatial characteristics, which is base on a hardware platform with 4 transmitter channels
2) The OTA measurement results of the spatial ACLR for an active antenna array, as well as for a traditional antenna. 
NOTE: The results presented in the paper are examples of lab experiments for AAS technical study only. The results don’t represent any particular implementations or any performance for any system.
2 Lab experimental results
The purposes of the lab experiment are:

1) To evaluate the correlations between the transmitters, especially for the out-of-band products.
2) To evaluate the impact of correlations on transmitter spatial characteristics.
2.1 The platform
A high level schematic layout of the hardware platform with multiple transmitters is shown in Figure 1. A lot of supplementary sub-systems are not included in the figure such as the feedback channel and calibration channel. Each transmitter is constructed using the components of the same model and from the same vendor. The platform is capable of processing digital modulated broadband inputs and transmitter the signals via a power amplifier with controlled linearization performance. 
2.2 The lab experiment steps
1) Input the identical UTRA Test Model 1 (two carriers) to the 4 transmitters.
2) Control the PA linearization by setting the target UTRA ACLR1 performance. 

3) Sample the PA output in time domain as digital sequences. 
4) Using a band-pass filter with 5MHz bandwidth, and moving central frequency of filter from near to far with the offset relative to the central frequency of the transmitter UTRA carrier. The offset starts from 7.5MHz and stops at 60MHz.
5) Measure the cross-correlation between the transmitter x and transmitter y
6) Repeat step 4) and step 5) for the higher and lower frequency range relative to the carrier central frequency of transmitter UTRA carrier.
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Figure 1: High level schematic layout of the test platform
2.3 Lab 1: correlation levels as the functions of ACLR1 and offset to central frequency.
The y-axis in the figures presented in this section indicates the correlation coefficient between different PA(s), same as the title marked in Chinese. (R) means the higher frequency range and (L) means the lower frequency range. The transmitters are number as PA1, PA2, PA3, and PA4. 
1) ACLR1=23dBc for each PA, and the resulted ACLR2=32dBc (linearization function disabled). 
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Figure 2: ACLR1=23dBc
2) ACLR1=33dBc for each PA, and the resulted ACLR2=39dBc (linearization function enabled) 
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Figure 3: ACLR1=33dBc
3) ACLR1=42dBc for each PA, and the resulted ACLR2=47dBc (linearization function enabled) 
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Figure 4: ACLR1=42dBc
4) ACLR1=48dBc for each PA, and the resulted ACLR2=52dBc (linearization function enabled) 
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Figure 5: ACLR1=48dBc

5) ACLR1=60dBc for each PA, and the resulted ACLR2=63dBc (linearization function enabled) 
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Figure 6: ACLR1=60dBc

2.4 Lab 2: Impacts on the radiation pattern
The correlation level has impact on the radiation pattern. The following figures show the radiation pattern of the components signals with different correlation level. The title is indicated in English below each figure. The figures below are based on ACLR1=60dBc, which is the correlation level indicated in Figure 6.
NOTE: the scales between the figures are not calibrated and absolute values are not comparable
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Lift: pattern of input signal (correlation=1),     Right:  signals in the 1st ACLR channel (correlation~0.4)
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Lift: signal in the 2nd ACLR channel (correlation~0.25)     Right: signals in the spurious domain (correlation~0.1)
Figure 7: Radiation patterns
2.5 Lab 3: Probability distribution of the residual signals
In order to properly model the out-of-band residual non-linear products, the PDF and CDF curves are also measured for the signals in the 1st ACLR channel, the 2nd ACLR channel, and spurious domain. It was verified that
1) The amplitude follows Rayleigh distribution.

2) The real and the image follows zero mean Gaussian distribution

3) The phase follows the uniform distribution

Based on the above findings, it is sufficiently justified that the residual signals can be modelled by a complex stationary Gaussian process. 
Not all the figures are included in this section due to the constraints of pages. The figures below are for signals in the first ACLR channel with ACLR1=60dBc,
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Lift: Rayleigh PDF for the amplitude       Right: Gaussian PDF for the real and image parts
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Lift: PDF: uniform distribution of the phase       Right: CDF curve indicates uniform phase distribution
Figure 8: Probability properties
3 OTA measurement results
3.1 The semi-open OTA chambers
The chamber shown in Figure 9 was originally for passive antenna pattern tests. The whole facilities are installed on the roof of two high buildings and the size is quite significant, as indicated in the figure.
NOTE: As the original usage of the facility is for passive antenna pattern measurement, the configuration and connection have to be modified to test the active system. For example, the transmission and reception direction have been reversed. 
The modification can only be used to test relative properties, such as ACLR. How to have the whole system calibrated to test absolute values such as EIPR is still unknown.
As a temporary modification of functions, the accuracy of the test facilities for ACLR was not evaluated. 

3.2 The OTA measurement results
Figure 10 is the spatial ACLR for an experimental active antenna array. The dynamics of the ACLR values in the spatial domain is quite significant.  
Figure 11 is the ACLR for a traditional BS installed with antenna with fix beam pattern. The ACLR value is quite flat across the main lobe and the side lobe.
Based on the testing results for AAS and traditional BS, the spatial ACLR shall be modeled properly and the impact on coexistence performance shall be evaluated.
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Figure 9: The OTA chambers
[image: image16.png]OTA measurement results of spatial ACLR for AAS.





Figure 10: The spatial ACLR for AAS
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Figure 11: The ACLR performance of a traditional BS + antenna
4 Conclusions
The paper reports the lab results of the transmitter spatial characteristics, particularly the correlation analysis and the impacts on transmitter spatial characteristics. 

The following lab results are reported in this paper:

1) The correlation analysis and the impact on the transmitter spatial characteristics, which is base on a hardware platform with 4 transmitter channels

2) The OTA measurement results of the spatial ACLR for an active antenna array, as well as for a traditional antenna. 
We have the following findings based on the lab results:
1) The radiation pattern is blurred depending on the correlation level between transmitters.
2) Regarding the correlation level, we have the following observations

a) The correlation level of the out-of-band-products between transmitters is decreasing as far as they move away from the central frequency of the transmitted carrier.

b) Observation a) is valid for transmitters with and without linearization process.

The correlation levels presented in this paper are examples of lab experiments. Giving the variety of possible transmitter (or receiver) structure, correlation levels in certain range can be assumed for comparison study. 
The spatial ACLR shall be modeled properly and the impact on coexistence performance shall be evaluated.
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