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1.
Introduction

At last RAN4 meeting in San Jose Del Cabo, mutual coupling and consequences for RF core requirements was touched upon in the online discussion.  The impact on emissions caused by reverse intermodulation is part of RF core requirements, since radiated output power and spurious emission is affected.  This contribution continues the discussion about mutual coupling and the impact of RF core requirements for AAS BS.

This contribution will describe how an integrated basestation with a complex RDN could fail to meet emissions requirements in the radiated domain and go unnoticed.  A companion paper [3] has been submitted to propose solutions to avoid complex RDN failing to meet emissions requirements going unnoticed.
2.
Discussion

In a non AAS base station a passive array antenna with RDN configuration showed in Figure 2.1-1 is used. The RDN is created so array gain is created in along the vertical axis. The isolation between port P1 and port P2 is typically in the range of 25-30 dB for a commercial passive base station antenna. However, for AAS base stations it is not correct to assume that the isolation between antenna RF ports will be as high as for passive base stations antennas used for non AAS base stations. When the beam-forming processing is moved from the analogue domain in RDN to the digital domain in baseband, the coupling situation will change completely. In Figure 2.1-2 the RDN is reduced to a 1:1 mapping between the antenna element and transceiver. For this type of configuration the coupling between two closely located elements can be in the range of 13-15dB, according to simulations done in a previous presented contribution [1, 2]. 

For a single column antenna the two ports will be mapped to different polarizations. Unfortunately, all dual-polarized array antennas suffer from cross coupling between their two ports. To specify how well such an antenna separates its two polarizations, the term antenna isolation and cross-polarization discrimination (XPD) are used. For multi-column antenna arrays this cross-coupling will occur between polarizations and columns. In order for the system to work well on transmit; the isolation in the antenna is often required to be at least 30 dB, which comes from co-location of base stations.

It would be reasonable to assume that AAS base stations with different configurations spanning from a complex RDN to a 1:1 mapped RDN will exist for different types of deployment scenarios. In the figures below two different RDN configurations are showed for one polarization. Note that the classic configuration does not include RET phase shifter, which is normally the case.
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Figure 2.1-1: Classic RDN configuration        Figure 2.1-2: 1:1 mapping RDN configuration
For a passive base station antenna the element separation is typically in the range of 0.7 to 0.9 along the vertical axis and 0.5 along the horizontal axis. With this configuration it is possible to achieve vertical tilt in the range of 0-10 degrees down tilt and good beam-forming characteristics along the horizontal axis. However, if aggressive beam steering shall be applied in both horizontal and vertical domain maintaining beam-forming characteristics, the elements must be separated 0.5along both vertical and horizontal axis. Putting the elements close to each other will cause larger interaction between elements. The mutual coupling as function of element separation was studied in [2]. 

The distribution network in RDN can be designed to optimize the port isolation for certain element separation and tilt angle. By replacing the RDN with digital beam-forming the radio will be placed closer to the antenna element. This means that the number of freedoms when optimizing the port isolation is reduced.  If these design optimizations are not taken into account, larger amounts of reverse intermodulation can occur.   It is up to RAN4 to ensure that emissions, TX power and other characteristics are met.  This will ensure that isolation must be either high enough or another solution is required to deal with the increased coupling effects due to elements being placed closed together.  
Complex RDNs will have stronger mutual coupling between antenna elements.  Strong mutual coupling between antenna elements will affect following characteristics:

· Directivity distortion degrading radiation pattern characteristics

· EIRP drop at large steering angles, due to scan-loss and scan-blindness phenomenon

· Increased spurious emission due to reverse intermodulation

It is highly likely that the RDN complexity will evolve when AAS will be introduced to the market. Digital beam-forming will be utilized, which results in simpler RDN when beam-forming is moved into the digital domain. This means that RAN4 must consider new requirements, such as radiated transmit power and potentially a modified transmitter intermodulation requirement.

3.
Conclusion
Complex RDNs show effects on port isolation and EIRP to name a few.  It is up to RAN4 to consider new requirements in order to have requirements suitable for new technology such as AAS.  In [3] a contribution has been brought forward to RAN4 for discussion regarding how these coupling effects due to complex RDNs can be addressed.  

Small closely integrated basestations, and/or basestations with closely spaced antenna elements that perform complex beamforming might exceed emissions levels in the radiated domain and this would not be captured in the existing 3GPP framework.
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