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1.
Introduction
At the meeting in Fukuoka (RAN4#75) discussions about the need for an intra-system transmitter intermodulation emission requirement was discussed. RAN4 have decided to define a per transmitter requirement for capturing transmitter intermodulation emission caused by co-location and intra-system antenna coupling in an AAS base station. That’s means that co-location and intra-system emission requirement is a conducted requirement set on a single transmitter. The intra-system requirement is based on a declaration relating to antenna array properties. 
Text proposals [1, 2, 3] based on agreed way-forward contributions [4, 5] was presented at RAN4#75 in Fukuoka. These text proposals was not approved, even though contribution and agreed way forwards clearly indicates that intra-system coupling caused emission is a potential issue for AAS base stations. 
The idea with TR37.842 is to capture RF background information to be used when AAS specifications are developed. It is quite clear that intra-system coupling could affect emission and should therefore be captured in the TR. 

This contribution presents a summary of background information discussed in RAN4 about intra-system caused emission.

2.
Discussion
The issue with emission caused by intra-system coupling between antenna elements was mentioned first time in RAN4 at the meeting in Chicago (RAN4#66bis) where we presented a contribution with the title “Spurious emissions for AAS” in [6]. In this contribution the issue related to antenna port-to-port isolation was brought up for the first time. 
In Figure 2-1, the wanted signal Ptx,n and the reverse interference signal Pi,n due to intra-system antenna coupling is shown. The reverse signal can potentially generate unwanted emission in a similar manner as for co-location transmitter intermodulation.
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Figure 2-1: Block diagram over AAS DL
The challenge is to find relevant requirement conditions capturing radiated intra-system intermodulation emission to be produced by an AAS base station. The new requirement is similar to the current requirement for transmitter intermodulation emission caused by a co-located base station. For the intra-system case and single carrier support the frequencies of the wanted signal and interference signal is the same, however for multi-carrier base stations the frequencies of the wanted signal and interference single is different. It have been noted that the level of the interference signal can be stronger than the case for co-location, due to the fact that multiple transmitter signals from neighbouring transmitters may leak between antenna element and create a reverse interference signal.
At RAN4#68 simulation results from a dense antenna was presented in [7]. The simulation results indicated that the antenna port-to-port isolation was considerably lower than 30 dB. To study the levels of mutual coupling loss the electrical model of a 3x3 URA was setup in HFSS. By means of finite element calculation the active scattering matrix calculated in the frequency range 1500 to 2500 MHz. The array consists for dual polarized elements placed in a lattice as shown in Figure 2.2. The element separation dz=dy is for this simulation fixed to 80 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 limited to array aperture size. To visualize the coupling between different elements to closest neighbouring element the middle element is a reference. More exact the +45 degree dipole in the centrum element is used as a reference. The red curve in the centrum 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. From Figure 2.2 it can be seen that the element coupling loss as expected 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 dB up to more than 40 dB as function of frequency.
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Figure 2-2: Simulated coupling
A companion contribution [8] elaborating in more detail around unwanted emission in their impact of antenna port isolation (aka mutual antenna coupling) was presented. In [9] we elaborated with the idea to define a new transmitter intermodulation requirement for capturing intra-system coupling. 
At RAN4#68bis we presented a contribution [10] holding results from array antenna simulations together with PA simulation, showing how the intermodulation level depends on the total coupling. This contribution concluded that intra-system antenna isolation will affect the radiation pattern, EIRP and potentially unwanted emission. In a companion contribution [11] we emphasised the need to find a new requirement for AAS base stations to capture emission caused by intra system antenna coupling. 
At RAN4#69 we presented a contribution [12] showing how different RDN configurations will have impact on intra system antenna port-to-port isolation. For simple antenna configurations with one dual polarized column, the isolation is >30 dB, while for more complex system with one-to-one mapping the isolation can be as low as 13 dB.

At RAN4#70bis we created and presented a contribution [13] to give an overview and summary of the impact on reverse intermodulation caused by cross transceiver coupling. Finally, the impact due to mutual coupling has been modelled. An AAS base station DL sub-system consisting of transmitter array and antenna array was modelled. The transmitters are linearized in the presence of mutual coupling. 
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Figure 2-3: Preliminary simulation results
The plots in Figure 2-3, shows the emission with 30 dB port-to-port isolation (left) and 15 dB port-to-port isolation (right). It can be noticed that the emission (red curve) close the carrier increases when mutual coupling get stronger. The impact on the transmitters of intra array coupling has been investigated by means of a preliminary computer simulation of a PA and text book linearization algorithm. The linearization is adjusted such that the 3GPP emissions and ACLR requirement is met when there is no intra-array coupling (i.e. the base station would pass RAN4 conducted tests). The leftmost plot shows the carrier and emissions where there is 30 dB coupling. Emissions requirements continue to be met. However when the coupling is increased to 15 dB (right hand plot), the linearization operation is compromised and the emissions limits are exceeded. Thus, a base station with < 30 dB coupling would pass the existing RAN4 conducted tests, but nonetheless radiate a level of emissions exceeding the current requirement.

At RAN4#72 in Dresden at contribution [14] showing the differences between co-location transmitter intermodulation and intra-system intermodulation was presented. In this contribution it was proposed to differentiate between co-location and intra-system.

At RAN4#73 in San Francisco a contribution [15] with multiple proposals on how to capture cross transceiver coupling was presented. In [16] we provided simulation results showing how the emission close to the carrier will grow as function of mutual coupling. The result is shown in Figure 2-4.
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Figure 2-4: Spectral re-growth with various mutual coupling values
At RAN4#74 in Athens a contribution [17] about how to calculate the interference signal caused by intra-system antenna coupling was presented.
At RAN4#74bis in Rio de Jairo a contribution [18] about effects of antenna impedance mismatch in AAS base stations was presented. The conclusion was that antenna matching does not affect emission levels.
Steps can and would need to be taken in a radio and antenna design to avoid this effect. These preliminary simulations however indicate that a perfectly feasible radio that has not taken into account array coupling of < 30 dB would falsely pass 3GPP requirements.

3.
Conclusion

RAN4 have agreed [4, 5] to extend the TR background to transmitter intermodulation emission requirement by introducing a requirement where the base station manufacturer declares the interference signal due to antenna coupling. If the interference signal is stronger than for co-location, the base station is tested with the declared interference signal. 

A long chain of contributions have been presented with respect to transmitter intermodulation emission and AAS base stations. Some of our contributions are listed in the reference list of this contributions [1, …, 18], also contribution from other vendor are listed in the reference list [21-36]. Discussion papers, simulation results and text proposals have been presented on how to capture intra-system related emission as background information in TR 37.842. 
Text proposals for TR 37.842 have been submitted by several companies many times without success. 

At this meeting two co-signed text proposals is presented. A text proposal [19] with merged contents related to requirement specific details are captures. A test proposal [20] holds an example of how a base station manufacture can determine the intra-system interference signal level is captured.
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