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1.
Introduction
The discussion about mutual coupling was initiated in the SI. At last RAN4 meeting in San Jose Del Cabo, mutual coupling and consequences for RF core requirements was touched up on in the online discussion. A dedicated contribution about the topic was created and presented [3]. The UL/DL performance and related parameters of AAS base stations will depend on the interaction between the radio and antenna. As an example for the DL, following characteristics can suffer impact of mutual coupling: Distortions of radiation pattern, EIRP loss at large tilt angles and unwanted emission caused by reverse intermodulation.
The distortion of radiation pattern is not considered to be part of a RF core requirement; however it can be a potential candidate for a performance requirement in the future. The EIRP drop and impact on unwanted emission caused by reverse intermodulation is part of RF core requirements, since radiated output power and “operating band unwanted emission” and “spurious emission” are affected.
The RDN design will affect the impact on antenna port isolation which is discussed in a companion contribution [1].

This contribution continues the discussion about mutual coupling and the impact of RF core requirements for AAS BS. At the end of the contribution a proposal is presented on how to move forward.
2.
Discussion
In the companion paper [1] the port configuration and associated antenna port isolation can be between the ranges of 10-15 dB for a dense array antennas and well above 30 dB for dual polarized passive base station antennas with one column. This contribution continues to study how antenna port isolation will impact on RF core requirement for AAS BS. 
The following text is a copy of the current version of 36.104, section 6.7 the requirement for transmitter intermodulation can be found. In section 6.7.1 the minimum requirement is defined as:
6.7.1
Minimum requirement

The transmitter intermodulation level is the power of the intermodulation products when an interfering signal is injected into the antenna connector. The wanted signal channel bandwidth BWChannel shall be the maximum bandwidth supported by the base station. The offset of the interfering signal from the wanted signal shall be as in Table 6.7.1‑1.

The requirement is always applicable outside the Base Station RF bandwidth or radio bandwidth edges. The interfering signal offset is defined relative to the lower (upper) or radio bandwidth edge.
For a BS operating in non-contiguous spectrum, the requirement is also applicable inside a sub-block gap for interfering signal offsets where the interfering signal falls completely within the sub-block gap. The interfering signal offset is defined relative to the sub-block edges. For a BS capable of multi-band operation, the requirement applies relative to the RF bandwidth edges of each supported operating band. In case the inter RF bandwidth gap is less than 15 MHz, the requirement in the gap applies only for interfering signal offsets where the interfering signal falls completely within the inter RF bandwidth gap.

Table 6.7.1-1 Interfering and wanted signals for the Transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal
	E-UTRA single carrier, or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Mean power level 30 dB below the mean power of the wanted signal

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal or edge of sub-block inside a sub-block gap
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz

	NOTE1:

Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 36.141 [4] provides further guidance regarding appropriate test requirements.

NOTE2:
NOTE 1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 28, 34 in certain regions.


The transmitter intermodulation level shall not exceed the unwanted emission limits in subclause 6.6 in the presence of an interfering signal according to Table 6.7.1‑1. The measurement may be limited to frequencies on which third and fifth order intermodulation products appear, considering the width of these products.

It can be seen that in today’s requirement, the interfering signal is applied with a signal level 30 dB below the wanted signal. This scenario was chosen with co-location of base stations with separate fixed beam antennas in mind. With AAS, transceivers are closely located within the array and thus a new intermodulation scenario  can occur where closely located transmitter from the same system will interact with each other and potentially generate higher spurious emission in the radiated domain than measured the conducted per port. 
2.1
Internal coupling

As we have shown in earlier contributions [6] the internal coupling between transceivers within an AAS array could be much stronger compared with the coupling between co-located base stations for which the current requirement is designed. The requirement above was created to handle co-location of several base stations at one site. The value 30 dB as isolation between two co-located base stations is inherited from GSM and is a proper value for co-location. When support for multiple ports was introduced reverse intermodulation caused by transmitters in the same system, have been protected by high antenna port isolation. For commercial passive antennas with two port the isolation is typically >30 dB, however for more complex antennas with more ports, the trend is that isolation between two port mapped to the same polarization is lower than 30 dB. This fact together with possibilities with large amount of transceiver mapped to dense antenna array justifies a new requirement handling mutual coupling for an AAS base stations. Outside 3GPP, the issue of reduced antenna port isolation in advanced arrays has recently become the focus of research interest [5].
2.2
Scan-loss

Scan-loss characteristics, described in [4] will be better when elements are located closely to each other. However, closely located element will create low antenna port isolation, which can degrade emission. Increasing coupling by increasing element separation will impact EIRP at large tilt angles and beam pattern characteristics. It is also worth mention that if the isolation is low, the matching against the antenna will be affected. This matching effect is called scan-blindness in literature and will also affect EIRP at large steering angles.  
3.
Conclusion

To resolve the issue with reverse intermodulation due antenna isolation less than 30 dB, RAN4 needs to decide to adopt one of the following options:

1. Introduce a dedicated antenna requirement for antenna port isolation applicable for all port in an antenna array used for AAS base stations. 

Adapt transmitter intermodulation requirement in section 6.7.1for stronger isolation than 30 dB, meaning that the interfering signal level will be increase.

2. Define radiated unwanted emission requirement for AAS base stations e.g. UEM.

3. RAN4 needs to find a way of restricting the scope of Rel-12 and thereby securing the isolation to be >30 dB for product compliant to Rel-12. 
Proposal:
The most realistic approach to capture unwanted emission caused by mutual coupling in an AAS base station is to define a radiated requirement for unwanted emission according to option 2.
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