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1.
Discussion and Proposal
In previous RAN4 meeting examples of spatial distribution of unwanted emissions for AAS was discussed and simulation results for example antennas for various cases were presented [1]. In this paper which is an updated version of [2], the modified simulation results with agreed antenna models are collected as text proposal for AAS report.
It is proposed that the attached text proposal is included in TR 37.840. 
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6
Study of AAS transmitter characteristics
<Text to be added> 

6.1
General review of transmitter characteristics

<Text to be added> 

< Editor’s comments: general comparison with traditional BS >

< Editor’s comments: identify AAS specific characteristics >
6.2
Transmitter spatial characteristics

<Text to be added> 

< Editor’s comments: elaborate the transmitter spatial characteristics>
Interference emitted from AAS BS system may show different spatial characteristics to that from traditional BS, depending on the extent of beam-forming effects on the interference. Adjacent channel emissions, spurious emissions and intermodulation may be affected.

The transmitter intermodulation as a function of angle and frequency for an active Uniform Linear Array (ULA) has been elaborated by means of simulations. Power Amplifiers on each antenna element within the array were modelled with respect to non-linear behaviour to simulate the contribution from several power amplifiers / sub-arrays.  Simulations were made over separate carrier frequencies, but also using the same carrier frequency. Results showed that intermodulation products may occur outside the main beams of the carriers, and are then also in general split into several sub-beams according to general side lobe behaviour of linear array antennas. The radiating elements were modelled based on agreed antenna models and the distance between radiating elements was chosen to be 0.9 
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Figure 6.2-1, ULA Array configuration for the simulations
6.3
Simulation results

<Text to be added> 

< Editor’s comments: some numerical results, for example, the comparison study at different reference points>
Intermodulation products
The simulations of AAS intermodulation spatial characteristics assume a number of antenna elements radiating into free space. Each of radiating elements is connected to an active amplifier which outputs non-linear distortion still remaining despite pre-distortion. That is, some non-linear components still do exist in order to study how these distribute over the antenna angular range.

As an example scenario a Uniform Linear Array (ULA) which has the characteristics of having all of its elements aligned along a straight line is selected. The inter-element distance is all equal among the elements and is set to 0.9( (see figure 6.2-1).

In some of the plots due to chosen inter-element distance, the grating lobes which occurs at inter-element distance of larger than 0.5 ( become visible.

Another assumption is that the array antenna is fed by two E-UTRA-signals of 20 MHz, being un-correlated and having phase offsets on each antenna element corresponding to a particular scanning angle for the array. The number of antenna elements is 10.

The non-linearity of each amplifier is modelled by a simple polynomial approach having the magnitude as a variable for the non-linearity. The PA characteristics may be most conveniently described by the following equation:
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Each coefficient may be a complex number associated with the IM-level for the third order intermodulation, the fifth order intermodulation and so forth. Each antenna element is connected to one such amplifier which may either have the same coefficients or they may all have different coefficients, depending on the simulation scenario. 

In the simulations only the third order intermodulation is retained, and the phase of this coefficient is varied with the index of the antenna. The magnitude is kept the same over all amplifiers. This is done in a random manner over 360°. Thus, the representation of the PAs boils down to the following:
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The combination of having the summation of two different E-UTRA signals fed into the PA leads to some interesting results with regard to where in the angular space different IM components may occur. For the simulations in this section a few examples are shown just to highlight the behaviour.

The resulting signal as a function of the angle ( may be described by the following equation:
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Where ( is to be taken as the observation angle from broadside direction. If the output signal is transferred into frequency domain, by use of for example the FFT, then the radiation pattern may be plotted in two dimensions being angle in one dimension and frequency in the other direction.
With the method described in above, the 2D radiation patterns may be plotted when different PA’s are configured in various ways and at the same time the beam for the two E-UTRA signals is steered towards different directions. Note that the E-UTRA signals may be deployed at different carrier frequencies or even at the same carrier frequency (spatial multiplexing/MIMO). 

Figure 6.3-1 represents the scenario where the PAs have only 3:d order intermodulation products and the PA non-linear characteristics to be identical. The two E-UTRA-signals are phase adjusted differently into all the 10 PAs such as to form a constructive antenna pattern in some direction for the first E-UTRA carrier while letting the second carrier radiate constructively in a yet another direction. 

The result shows that if all the PAs can be assumed identical, then the intermodulation also shows an ordered radiation pattern with its associated side-lobe pattern very much like the radiation pattern for the two carriers themselves. However, it can be noted that the 3:rd order intermodulation is radiated into slightly different angles being it one left or right side of the carrier spectrum. Note the pronounced antenna lobe for the intermodulation in two distinct directions. 

The blue area represents the carriers while the red/yellow areas in the plots represent the intermodulation / unwanted emissions. 
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Figure 6.3-1, Same PAs, two different E-UTRA carriers, different scan angles. 

In figure 6.3-2 similar to figure 6.3-1, the two E-UTRA carriers were given phase distributions to produce beams in slightly different direction. It can be seen that the intermodulation follows the main beams and also similar to figure 6.3-1, the angular distribution of the two 3:rd order IM bumps are aligned asymmetrically with respect to the angular beam directions. 
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Figure 6.3-2, Same PAs, two different E-UTRA carriers, yet another scan angles. 

In figure 6.3-3 to 6.3-7, the different PAs were given individual non-linear characteristics. A set of randomly picked phases (0-360°) has been chosen for each PA. The results may be seen in the 2D-plot where the intermodulation now has become more smeared out over all angles, but with still the typical side-lobe behaviour of a linear uniform array is maintained. 
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Figure 6.3-3, Different PAs, two different E-UTRA carriers, different scan angles. 
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Figure 6.3-4, Different PAs, two different E-UTRA carriers, different scan angles. 
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Figure 6.3-5, Different PAs, two different E-UTRA carriers, different scan angles. 
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Figure 6.3-6, Different PAs, two different E-UTRA carriers, different scan angles. 

Figure 6.3-7 and 6.3-8 represent the behaviour when the two E-UTRA signals are actually placed at the same carrier frequency which would resemble a dual layer beam-forming. In first scenario, the phase of the third order intermodulation coefficient is the same over all 10 amplifiers which lead to the intermodulation being well concentrated around the carriers. In second scenario where the phases of the coefficient for the third order intermodulation is each given a different phase, it can be observed that the intermodulation products are smeared out over the angular space.
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Figure 6.3-7, Same PAs, two different E-UTRA carriers, same frequency, and different scan angles. 
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Figure 6.3-8, Different PAs, two different E-UTRA carriers, same frequency, and different scan angles. 

The simulations above indicate that there is a difference on how unwanted emission expressed as transmitter intermodulation can vary in spatial domain, depending on the beam-forming applied to each carrier and the amount of correlation between third order intermodulation products. This emphasises the need for carefully investigating the spatial domain aspects for AAS transmitters.
6.4
Requirements for AAS transmitters

<Text to be added> 
< Editor’s comments: concluding the requirements for AAS transmitters>

< Editor’s comments: concluding the reference point for the requirements for AAS transmitters>
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