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1.
Introduction
At previous RAN4 meetings in Seoul (RAN4#71) and Dresden (RAN4#72), effects from intra-systems antenna coupling on AAS transmitter intermodulation emission requirement was discussed extensively. For AAS base stations two different types of interference signals are present; co-location interference and intra-system interference as described in a contribution [1] presented at RAN4#72.

Unlike non-AAS base stations transmitter intermodulation can be caused by co-location and intra system interference. This text proposal captures the full scope of transmitter intermodulation relevant for AAS base stations in TR 37.842, section 8.5.1.  

A revised version of R4-144839 [2] was created in R4-145464 [3], with changes according to comments received during the RAN4#72 meeting discussion. This version was not approved since some companies still requires more time to understand the consequences of intra-system interference caused by low antenna port-to-port isolation.

The topic of intra array coupling has been discussed since RAN4#66bis (April 2013), including the potential for coupling in the array and the impact of coupling on PA behaviours. A summary of the issues presented during this time is presented in section 2 of this contribution.
This contribution holds a re-submission of the text proposal in R4-145464 from RAN4#72.
2.
Discussion

At the RAN4 meeting in Chicago (RAN4#66bis) we presented a contribution with the title “Spurious emissions for AAS” in [4]. In this contribution the issue related to antenna port-to-port isolation was brought up for the first time. 
At RAN4#68 simulation results from a dense 3x3 URA antenna was presented in [5]. The simulation results indicated that the antenna port-to-port isolation was considerably lower than 30 dB. A companion contribution [6] elaborated around unwanted emission in their impact of antenna port isolation (aka mutual antenna coupling). In [7] we elaborated with the idea to define a new transmitter intermodulation requirement for capturing intra-system coupling.
At RAN4#68bis we presented a contribution [8] holding results from array antenna simulations together with PA simulation, showing how the IMD 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 [9] 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 [10] 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 [11] 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 2-1: Preliminary simulation results
The plots in figure 2-1, 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.

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

Simulations from [10] shows that antenna port-to-port isolation within an AAS base station could be much lower than 30 dB, in extreme as low as 13 dB. In [12] measurement results for a single column dual-polarized antenna were presented. As expected, as a consequence of polarization properties on an antenna, the antenna port-to-port isolation was in the region of 30 dB for this type of antenna. As noted in [13], the amount of antenna port-to-port isolation will depend on the configuration and element separation of the array antenna. This result indicates that antenna port-isolation between neighbouring elements with that same polarization is an interesting topic to study. Simulation results presented in this contribution indicates an IMD effect.
The risk of increased IMD emissions when radiating should not be overlooked by RAN4. For the first generation of AAS coupling may be low enough for the effect not to be observed. However the potential existence of such effects should be documented in the TR, and the TS should have a clear scope relating to systems with low coupling. In future releases, the need (or lack thereof) can then be further addressed whilst the scope of what is understood in this release is clear.

Unlike non-AAS base stations transmitter intermodulation can be caused by intra system interference. This text proposal captures the full scope of transmitter intermodulation relevant for AAS base stations in TR 37.842, section 8.5.1. This version of the text proposal was extensively discussed in Dresden. 
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[Text Proposal]
8.1.5
Transmitter intermodulation


In an AAS base station there are 2 types of transmitter intermodulation that can exist.

1. Co-location transmitter intermodulation in which the interfering signal is from a co-located BS, this is analogous   to the existing transmitter intermodulation requirement in 25.104, 36.104 and 37.104.

2. Intra system transmitter intermodulation in which the interfering signal is from the other transmitters within the AAS.

For co-location scenario an interference signal is coupled from the aggressor base station transmitter to the victim receiver. The antenna port isolation between two antennas in a typical site configuration is assumed to be higher than 30 dB. The victim system will also generate intra-system interference. For non-AAS base station the intra port isolation of a commercial base station antenna is in the region of 30 dB. In figure 8.1.5-1, reverse intermodulation interference contributions from co-location and intra-system are showed. 


[image: image2]
Figure 8.1.5-1: Reverse intermodulation interference contributions
The co-location interference occurs at a different frequency channel compared with the wanted signal at the victim system, while the intra-system interference signal occurs at the same frequency as the wanted signal. Also the co-location signal is un-correlated with the wanted signal, while the intra-system signal is highly correlated with the wanted signal if beam-forming is deployed or un-correlated if different MIMO layers are transmitted from two closely located elements. This means that the emission generated by the reverse intermodulation will be present at different regions in the frequency domain. 
8.1.5.1
Co-location Transmitter intermodulation

For non-AAS base stations transmitter inter-modulation requirement is to address the coexistence between the transmitter from one operator and the transmitter from another operator in case they are co-located with assumption that the coupling loss between them is 30 dB. The requirement assumes that they transmit the same level of power, and the transmitted signals are adjacent to each other in the frequency domain. It is proposed to apply the existing non-AAS requirements specified at the antenna connector for non-AAS BS to each transmitter at AAS antenna connector for AAS BS. 

8.1.5.2
Intra AAS Transmitter intermodulation

In an AAS BS there could be coupling between two transmitters within one antenna package. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power.  The transmitter intermodulation requirement above is not proven to sufficiently address this scenario if the antenna connector-to-connector isolation is below a certain level which is FFS.
[The end of text proposal]
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