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1.
Introduction
This is an extended version of a contribution submitted for RAN4#68 in Barcelona [1] but not presented. This contribution continuing the discussion about mutual coupling in an array antenna and the associated impact on radiated performance.

At previous RAN4 meetings the discussion has touched on the subject related to transceiver coupling and potentially spurious emission generated as a consequence of transmitter-to-transmitter coupling. For passive macro configurations it is assumed for co-location that the coupling between two antennas is -30 dB. An AAS BS can be seen as multiple closely located BS, where the coupling loss between transceivers could potentially be considerably higher than -30 dB. 

This contribution presents simulations results for a typical array antenna configuration and shows how different characteristics are affected by mutual coupling.

2.
Discussion
In an earlier presented contribution [2] we showed how the antenna array performance will be affected of mutual coupling. The conclusion is that mutual coupling will disturb the radiation pattern of individual antenna elements, which in the end affects the antenna efficiency and radiation pattern.

In this contribution we continue the elaboration on how mutual coupling affect radiated performance of an AAS BS. As a base for the analysis we assume a 3x3 URA antenna configuration, where the elements are placed closely together to achieve spatial selectivity and facilitate a compact AAS BS product. 
In section 6.6.4.4 of TS 36.104 [3] handling co-location with other base stations, it is assumed a -30 dB coupling between transmitter and receiver for legacy BS antenna co-location in one site configuration. An AAS BS can be seen as multiple co-located BS. According to 3GPP it is assumed that the coupling between two passive antennas is -30 dB, meaning that coupling will not be lower than -30 dB over all frequency combinations. From this we can assume that transmitter-to-transmitter coupling also is in the same range. This assumption is relevant for coupling between two collocated antennas, but it is not relevant for receiver-transmitter, transmitter-transmitter coupling in a dense active array antenna in an AAS BS, as simulation results will show.

Mutual coupling will affect radiation pattern and radiation efficiency and in the end; EIRP and EIRS performance.  Transmitter-to-receiver coupling will put requirements on radio characteristics while transmitter-to-transmitter coupling will put requirements on radio and antenna design. Transmitter-to-transmitter coupling can potentially affect spurious emission as showed later.
To study the levels of mutual coupling loss an electrical model of a 3x3 URA was setup in a finite element simulation tool. By means of finite element calculation the active scattering matrix was calculated for the frequency range of 1500 to 2500 MHz. The array antenna consists of 9 dual polarized antenna elements placed in a lattice as shown in Figure 2.1.
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Figure 2.1: Array element configuration
The element separation along the vertical axis is set to be equal to the element separation along the horizontal axis (dz=dy). The scattering matrix is calculated for element separations set to 70, 80 and 90 mm. Each element consists of two radiating dipoles placed in a cross configuration where the dipoles are slanted -45 degree and +45 degree. The ground plane is finite and limited to array antenna aperture size. 

To study the coupling between different elements to closest neighbouring element the middle element as a reference. More exact the +45 degree dipole in the centrum element is used as a reference. The red curve in the centre plot is the return loss (S11) for the +45 degree element, while all other curves (red and blue) are the insertion loss or coupling loss between different dipole configurations. In Figure 2.2 the scattering matrix for element separation 70 mm is plotted.
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Figure 2.2: Mutual coupling
It can be seen that the element coupling loss as expected is dependent on frequency, polarization and position. The polarization will give some isolation. The simulation results gives that the coupling loss is an antenna array will vary within the interval of -13 to -40 dB as function of frequency. It shall be noted that coupling to elements above, below, right and left experience coupling in the region of -13 to -15 dB.
The coupling will affect the radiation pattern of individual antenna elements and create distortions such as main-beam ripple and reduced side-lobe suppression. In Figure 2.3 mutual coupling effects can easily be identified in the radiation pattern (in left figure). It can also be noted how the horizontal cuts of radiation pattern looks like compared to the ideal pattern assumed in TR 37.840.
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Figure 2.3: Radiation pattern
Mutual coupling will also affect reflected power by the antenna array as a consequence the radiated power will be affected. In Figure 2.4 the reflected power as function of frequency and element separation is plotted. It can be noted that the level of reflected power is dependent on frequency since the element is tuned for a centre frequency, but also on element separation.
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Figure 2.4: Reflected power
It is reasonable to believe that the element separation of for a future AAS product will be in the interval of 0.5 to 0.7 for acceptable antenna characteristics. This separation corresponds to 75 mm and 105 mm for 2 GHz carrier frequency. This means that the antenna efficiency is dependent of the configuration used for an implementation.

Another consequence of mutual coupling in AAS base station is transmitter intermodulation characteristics. Intermodulation effects due to stronger coupling than normally exists in non-AAS system could affect unwanted emission for AAS BS. The phenomenon is similar to reverse intermodulation where a strong interference signal outside the BS together with the wanted signal causes intermodulation effects. Too be able to evaluate the effect a simple model as described in Figure 2.5 was setup in a circuit simulation tool. A set of standard components for transistor and bias network was used to create a final stage of power amplifier. The power amplifier generates a CW signal at frequency f1 simultaneously another CW signal at frequency f2 is coupled and injected at the output port. Where f1 and f2 is separated 5 MHz emulating an E-UTRA signal configuration. Note that if multiple transceivers generates uncorrelated signals on the same carrier, then the E-UTRA bandwidth is sufficiently large that intermodulation products would arise between components of each of the carriers, and presumably some of these would spill outside of the bandwidths of the carriers, whilst others would stay within the carriers and impact EVM. In this analysis the 3rd order intermodulation generated by the two tones is evaluated for different antenna coupling levels. This phenomenon is known as reverse intermodulation distortion.
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Figure 2.5: Simple transmitter array

Reverse intermodulation is created by reverse interference caused by total coupling between transmitter branches as showed in Figure 2.5. The total coupling loss is calculated as: 
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is mutual coupling between antenna element in the antenna array and  
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 is the isolation between ARP and PA (normally created by an isolator). In Figure 2.6 the results from the intermodulation simulation is plotted as function of total coupling.
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Figure 2.6: Reverse intermodulation
The intermodulation level is relative to carrier level of the wanted signal and can be associated to ACLR. It shall be noted that this simple simulation without any linearization shows how mutual coupling could affect spurious emission and affect requirements such as unwanted emission or ACLR.
3.
Conclusion

It is reasonable to believe that an antenna array with element closely located to each other will be common in AAS BS. The simulation results presented in this contribution shows several effects of mutual coupling in a dense array antenna. The coupling will be stronger than compared with passive antenna configurations. 
The mutual coupling in an array antenna will depend on frequency, polarization and combination of antenna element placement. 

The intra AAS coupling loss can be lower than assumed for legacy systems. The legacy requirement is motivated by co-location scenarios and is applicable for non-AAS BS systems; however we need to think about intra array coupling for AAS BS.
Identified effects of mutual coupling in dense array antennas so far are listed below:
· Neighbouring antenna element isolation is in the range of -13 to -15 dB.

· Individual antenna element radiation pattern distortions.

· Degraded array antenna efficiency.
· In-band spurious emission can potentially be affected.

This information shall be considered moving on with the work finding RF core requirements for AAS BS.
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